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ABSTRACT 
The Tantangara and Brindabella I : 100 000 Sheet areas cover 5030 km~ between latitudes 

35' and 36°S and longitudes 148°30' and 149°E, in the southern part of the Lachlan Fold Belt 
;n New South Wales. 

The earliest record of sedimentation in the two Sheet areas is of mid-Ordovocian quartz
rich distal flysch. becoming more proximal in the Late Ordovician. In the west, a volcanic arc 
erupted tholeiitic basalts and (?later) shoshonites during the middle to Late Ordovician. A 
phase of deformation in the latest Ordovician mainly to the west of the mapped area inter
rupted flysch sedimentation, which recontinued in a meridional trough-the source being the 
deformed Ordovician flysch to the west. After a further deformational event-which destroyed 
the trough during the Llandoverian-a shelf environment became established in the east and 
centre, and shelf sedimentation continued in the centre almost to the end of the Silurian, when 
,, major deformation terminated it. Elsewhere, S then ?1-type felsic volcanism-mostly sub
aerial, depositing ignimbrites-was widespread during the Wenlockian and Ludlovian; comag
matic S and I-type granitoids intruded the volcanic piles, and tholeiitic magmas intruded 
,imultaneously in the west, during the Late Silurian. The felsic volcanics and granitoids are 
the anatectic products of a prolonged period of high heat flow in the crust which peaked in 
the Early Silurian and resulted in metamorphism to at least the upper greenschist facies grade. 

At the start of the Early Devonian, S-type volcanics-again subaerial felsic ignimbrites
erupted in the southwest. Slightly later, 1-type volcanics erupted from at least two large 
stratovolcanoes in the north, and a comagmatic granitoid suite intruded concurrently in the 
north and south. These Early Devonian volcanics and granitoids are believed to be the final 
products of the high heat flow in the Silurian. In the north during the late stage of volcanism, 
black mud accumulated locally in a restricted marine environment, and arenites, some 
originating as mudflows on the sides of the stratovolcanoes, were deposited in alluvial fans. 
During the latter half of the Early Devonian, open-marine sedimentation became established 
briefly in this northern area; it was terminated by a thick fluviatile sequence of conglomerate, 
sandstone, and shale-much of it deposited in cycles-in the northwest during the early Middle 
Devonian. This marked the final phase of Palaeozoic sedimentation. 

After further folding and faulting, probably in the Carboniferous, an extensive peneplain 
developed during the late Palaeozoic and Mesozoic. Sandwiched between two episodes of 
Tertiary uplift, which progressively elevated the peneplain, lacustrine sediments accumulated 
locally in the west and south during the Miocene. Extensive colluvium has formed on the 
mountain slopes during the Quaternary, and alluvium is being deposited along the courses of 
many streams at the present time. 

Known mineral deposits are small and mostly uneconomical. They include Mississippi 
Valley-type lead-zinc in Upper Silurian limestone; skarn deposits containing magnetite and 
minor lead-zinc associated with Silurian S-type granitoids; tungsten-bismuth and magnetite 
associated with Lower Devonian ]-type granitoids; base metals associated with Silurian
Devonian acid volcanics; and gold in Tertiary gravel and Holocene alluvium. 

viii 



INTRODUCTION 
TANTANGARA and BRINDABELLA* arc 

hounded by longitudes 148"30'E and 149°E and 
latitudes 35'S and 3n OS: they share a common boundary 
along latitude 35' 30'S. Together they cover an area of 
5030 km~, incorporating the western half of the Aus
tralian Capital Territory and adjoining parts of New 
South Wales (Fig. I ) . 

Mapping of the two Sheet areas by geologists of the 
Bureau of Mineral Resources ( BM R) commenced in 
October 1971 in the southwestern part of T ANT AN
GARA, and the fieldwork was essentially completed 
by April 1974. Those engaged in the fieldwork were: 
M. Owen, October 1971 to April 1974; D. Wyborn, 
March 1972 to April 1974; D. E. Gardner, October 
1971 to March 1973: J. Saltet, October 1972 to April 
1973; A. L. Jaques, January to March I 972; A. P. 
Langworthy, February to April 1972; P. Jell, Novem
ber 1972; and M. S. Shackleton, February to April 
1973. We traced several of the stratigraphic units that 
crop out in T ANT ANGARA and BRINDABELLA 
into adjoining Sheet areas, especially Y ARRAN GO
BILLY (to the west) and KOSCIUSKO (to the south
west), neither of which has yet been geologically 
mapped. As the Y ARRANGOBILL Y topographic map 
had not been issued when this Bulletin went to press, 
we have quoted grid references of most localities in 
this Sheet area in terms of the Snowy Mountains Hydro
electric Authority Cabramurra and Batlow SMA 1-Mile 
Series Sheets. We wrote the text of this Bulletin from 
information that was available to us at the end of 1976. 

Population distribution and access 
No major towns lie within the two Sheet areas, 

though the western suburbs of Canberra encroach to 
within a kilometre of the eastern edge of BRINDA
BELLA. About three-quarters of T ANT ANGARA is 
in the Kosciusko National Park in New South Wales 
and the Gudgenby Nature Reserve in the southern 
Australian Capital Territory, and is virtually 
uninhabited. The only significantly populated part is 
in the southeast. where there arc numerous grazing 
properties, and the small township of Adaminaby 
wcroaches on the southern border of the Sheet area. 

BRINDABELLA has several small settlements: at 
Uriarra Forest, Pierces Creek Forest (both for forestry 
workers in the ACT), and Wee Jasper. Grazing pro
perties are numerous in the eastern and northern parts 
of th1~ Sheet area, but are more scattered in the west; 
only the southwestern part of the Sheet area and the 
western part of the ACT lack any inhabitants. 

Vehicular access reflects the distribution of popula
tion within the two Sheet areas: it is good in grazing 
areas but poor and ,generally limited to four-wheel-drive 
vehicles on fire trails elsewhere. Many of the four
wheel-drive trails in the Gudgenby Nature Reserve and 
Kosciusko National Park have locked gates on them. 
<•nd access to the public is restricted. Permission for 
vehicular access to these trails may be sought from the 
relevant administrative bodies. 

Climate and vef?efation 

Both the climate and vegetation of the Tantangara
Hrindabella area reflect the large range m altitude of 

The names of I : I 00 000 Sheet areas are printed 111 

capitals throughout the text of this Bulletin. 

the two Sheet areas-from 1912 m on Mount Bimberi 
to less than 320 m downstream from Burrinjuck Dam. 
Rainfall is particularly influenced by altitude. and 
ranges from 1600 mm a year at Kiandra (Fig. I ) to 
695 mm at Adaminaby. In the western part of the two 
Sheet areas, rainfall is highest during the winter, but in 
r>orthcast BRINDABELLA the seasonal variation is 
small, with a slight tendency for a winter minimum and 
spring maximum. The average yearly rainfall for 
various localities within the two Sheet areas is as 
lollows: Gudgenby, 773 mm; Cotter Hut, 876 mm; 
Bulls Head, I 048 mm: Cavan, 707 mm: and Burrin
juck Dam, 891 mm. 

The temperatures in the area again reflect topo
graphy. In the highland areas in the west, winter frosts 
are common-Kiandra, for example, averaging 159 a 
year-and summer temperatures are mild, with maxima 
commonly around 20'C. To the cast, at lower eleva
tions. frosts are much less common-Canberra (which 
is typical of the northeastern part of BRINDABELLA), 
for example, averaging 77 a year-and mid-summer 
maxima average about 28° C. 

Snow may fall anywhere in the two Sheet areas. but 
is rare below 500 m. Above 1000 m it is frequent and 
heavy in winter, when it commonly lies on the ground 
for several months above 1500 m. 

The wide ranges in climate and altitude in the two 
Sheet areas have influenced the development of diverse 
vegetation communities. Costin ( 1954) divided the 
Monaro region, of which the two Sheet areas are part, 
into four height zones. In the two Sheet areas, the 
montane ( 1000 to 1500 m) and the subalpine ( 1500 
to 1800 m) zones are widespread in the west and 
south; the alpine zone (above 1800 m, approximating 
the treeline) comprises the highest peaks: and the table
land zone (below 1000 m) is restricted to the 
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Adaminaby area and north and northeast BRINDA
BELLA. This zonation is disrupted where cold air
trapped beneath a layer of warm air, and moving to a 
lower altitude-superimposes the features of the sub
<dpine zone on the montane zone. These pockets of 
cold air, or frost hollows, often produce an inversion 
of the normal height sequence of vegetation (Moore, 
1958). 

The alpine zone is not well developed in the two 
Sheet areas; it is represented on the highest peaks by 
small patches of woodland Eucaf.vptus pauciflora (snow 
gum) broken by open grassland, in which Poa spp. 
predominate with many seasonally colourful perennial 
herbs. 

The subalpine zone is dominated by woodland forests 
of E. pauciflora (previously E. niphophila). In places 
the woodland is open and covered with various small 
~;hrubs, grasses. and herbs; this community i'i fire
sensitive, and, in the past, considerable areas have been 
greatly modified. The subalpine grasslands, most com
mon at higher altitudes in the zone and more particu
larly in frost hollows, carry a sod tussock community 
dominated by a Poa caespitosa-Danthonia nudiflora
Themeda australis alliance. Vegetation above the frost 
hollows in the subalpine zone is often a montane wet 
sclerophyll alliance of E. dalrympleana-E. delcgatensis 
(mountain gum-alpine ash), which is also common 
below the subalpine zone. 

The extensive areas of wet sclerophyll forest which 
occupy the steep mountain slopes in the montane zone 
are made up of two alliances (Burbidge & Gray, 1970). 
The alpine ash-mountain gum alliance is comparatively 
widespread on the upper slopes, merging at times into 
the snow gums of the subalpine zone. A shrubby under
storey of Acacia and other legumes is usual, and a 
diverse ground flora is common where shrubs are not 
dense. Below this alliance is the E. fastigata-E. viminalis 
(brown barrel-ribbon gum) alliance. in which the 
ribbon (or manna) gum tends to occupy lower, wetter 
sites. Several storeys may be found below the closed 
canopy: they include discontinuous Acacia melcmoxylon 
(to 20 m) above a I 0-15 m layer of tall shrubs, and, 
in wetter gullies, a tree-fern community of Dicksonia 
antarctica. 

The tableland zone-though extensively altered by 
grazing and pasture improvement-is widely developed 
in the northeast and north of BRINDABELLA. In its 
natural state it consists of scattered, \ow-branching 
tucalypts such as E. melliodora (yellow box), E. poly
anthemos (red box), and E. bridgesiana (apple box), 
with an understorey of Danthonia spp. (wallaby 
grasses). Many of the low hills rising above the plains. 
such as near Kirawin (grid ref. 677163), are covered 
with dry 'clerophyll forest commonly containing E. 
rossii ( scribbly gum), E. mannifera var. maculosa (red 
~notted gum), and E. macrorhYncha (red stringybark). 
Along the banks of the Murrumbidgee River Casua
rina cunninghamiana (river oak) is common. 

Previous investigations 

The earliest geological investigations of the Tantan
gara-Brindabella area, as for much of New South Wales. 
were by Clarke ( 1860). He collected the fossils from 
the Cavan area subsequently described by de Koninck 
( 1876). Harper ( 1909) described in detail the geology 
of the Mount Boambolo area, and Mahony & Taylor 
( 191 3) made a brief reconnaissance of the proposed 
Australian Capital Territory. Since then, little was done 

2 

until the late 1940s, when the formation of the Snowy 
Mountains Hydro-electric Authority (SMHA) provided 
the impetus for geological mapping in the Tantangara 
area. At the same time, the need to expand Canberra's 
water supply led to mapping in the Cotter River catch
ment. Much of this work remains unpublished, but 
was summarised in the first-edition Canberra 4-Mile 
Geological Series map (Joplin, Noakes, & Perry, 1953). 

Apart from the detailed work around Tantangara 
Reservoir by SMHA, subsequent work included that of 
Browne ( 1959) on the Devonian sediments around 
Taemas; Snelling ( 1960) on the Murrumbidgee Batho
lith: and the extensive reconnaissance mapping for the 
second-edition Canberra I :250 000 geological map 
(Best, D'Addario, Walpole, & Rose, 1964). Since 1964 
the main work in the Sheet areas has been by Austra
lian National University (ANU) students doing theses: 
topics include the Devonian sediments at Wee Jasper 
and Taemas. the Silurian and Devonian sedimentary 
and igneous rocks of the Cooleman Plain area, the area 
around Tantangara Dam, and the Murrumbidgee 
Batholith. Reference to the various theses is made in 
the relevant sections of the following text. 

Nomenclature 
Plutonic igneous rocks have been named according 

to the classification proposed by the International 
Union of Geological Sciences Subcommission on the 
Systematics of Igneous Rocks ( Streckeisen, 1976), 
except that we retain the term 'adamellite' for grani
toids in which alkali feldspar is between 35 and 65 '7c 
of the total feldspar, in line with common Australian 
usage. 

Volcanic rocks arc in general named according to 
the definitions given by Joplin ( 1971); where Joplin's 
definitions have proved inadequate the alternative 
schemes used are mentioned in the relevant part of the 
text. 

Sedimentary rocks are named according to the 
classifications of Folk ( 1968 l. 

Phy.1iography 

T ANT ANGARA and BRINDABELLA form part 
of the Southern Tablelands of New South Wales. Thi~; 

region displays a wide range of physiographic features, 
from deeply dissected tablelands and uplands with 
youthful valleys, cascades, and waterfalls, to mature 
valleys and plains. The major catchment is that of the 
Murrumbidgee River system: the Eucumbene River is 
the only major drainage basin east of the Great Divide, 
and flows in to the Snowy River south of Lake Eucum
bene. 

All the land surface is over 500 m above MSL, 
except the lower parts of the incised valleys of the 
Murrumbdigee and Goodradigbee Rivers. The uplands 
are well over I 000 m high, reaching 1912 m at Mount 
Bimberi (grid ref. 620522). The present relief is 
primarily the result of post-Cretaceous erosion on fault 
blocks that have moved differentially in the Tertiary and 
Quaternary. 

Outline of geology 
TANT ANGARA and BRINDABELLA occupy the 

southern part of the Lachlan Fold Belt. Scheibner 
( 1973, 1976) has divided the fold belt into ten regional 
structural units, of which only three occur in the two 
Sheet areas: the Forbes Anticlinoria! Zone, the Cowra
Yass Synclinoria! Zone, and the Molong-South Coast 

---------------------
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Anticlinoria! Zone. These broad structural subdivisions 
arc not readily applicable on the scale of I :I 00 000 
mapping, so we have proposed a more relevant, detailed 
structural subdivision of the two Sheet areas (sec 
p. 13). Before Scheibner's work a horst and graben 
nomenclature had been applied to the Canberra 
I : 250 000 Sheet area ( Strusz, 1971, fig. 3). This again 
has been found to be not applicable to the Sheet areas 
after the detailed mapping, and is not considered 
further. 

In the early part of the Ordovician the Sheet areas 
were on the outer part of a large submarine fan complex 
receiving sediment by means of turbidity currents, 
probably from the south. By the start of the Late 
Ordovician a north-south oriented, locally emergent 
volcanic chain had developed in the west, and turbidite 
deposition continued both east and west of it. Vol
canism was short-lived, and by the end of the Ordovi
cian, when the area was gently folded, the volcanic 
chain had probably been covered by turbidite sediments. 

Early in the Silurian a small meridional trough in 
the centre was receiving turbidite sediments from the 
west. This trough was deformed in the middle of the 
Early Silurian, and, from then on through the Silurian, 
terrestrial erosion, felsic volcanism, and shallow-marine 
carbonate and terrigenous sedimentation predominated 
in different parts of the two Sheet areas. 

At the end of the Silurian, further folding, which 
was both preceded and followed by granitic magma 
intrusion, arrested marine sedimentation. Large strato
volcanoes erupted acid lavas and pyroclastics during 
the early part of the Early Devonian, and, when their 
activity had ceased, extensive carbonate sedimentation 
developed in the north. By the end of the Early 
Devonian the sea had withdrawn. and the only sub-

sequent deposition in the Palaeozoic was of a terrestrial 
alluvial sequence of Middle Devonian age. 

After a ?middle Carboniferous fold episode, erosion 
through the late Palaeozoic and Mesozoic modified the 
land surface to form extensive peneplains. Renewed 
erosion of these peneplains following Early to middle 
Tertiary uplift, which was accompanied by the local 
extrusion of basalt tlows, continues to the present day. 
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STRATIGRAPHY 
Detailed descriptions of the Ordovician, Silurian, and 

Devonian sedimentary and volcanic units, and of the 
Siluro-Devonian granitoids, that crop out in the two 

Sheet areas are presented on the accompanying micro
fiche. The stratigraphy of the named rock units is sum
marised in Table 1, below. 

MET AMORPHISM OF THE KIANDRA GROUP AND 
GOOANDRA VOLCANICS 

Most of the Ordovician rocks in T ANT ANGARA 
and BRINDABELLA have been regionally metamor
phosed to low or very low grades. The extent of this 
metamorphism in the quartz-rich flysch deposits (the 
Ordovician Boltons, Nungar, and Adaminaby beds, and 
the Lower Silurian Tantangara Formation) has not 
been determined because their chemical composition is 
unsuitable for index minerals to develop. The crystal
linity of illite could be used in these rocks to determine 
metamorphic grade (Kubler, 1967), but such a study 
is beyond the scope of this Bulletin. However, the basic 
to intermediate rocks of the Temperance Formation, 
Nine Mile Volcanics, Gooandra Volcanics, and their 
intrusive equivalents are ideal for the petrographic 
determination of metamorphic grade in the very low 
to low-grade zones of Winkler ( 197 4). 

Crook & others ( 1973) first recognised the presence 
of a very low-grade mineral assemblage in the Tem
perance Formation at Dairymans Plain, where they 
reported a widely developed assemblage of albite
prehnite-chlorite-carbonate. We have succeeded in 
dividing the volcanic sequence into five metamorphic 
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zones based on mineralogical changes. These zones 
range from unmetamorphosed to upper greenschist and 
are characterised by: 

zone I : unalbitised calcic plagioclase 
zone 2: albite + prehnite 
zone 3: albite + prehnitc + pumpellyite 
zone 4: albite + actinolite ( + clinozoisite) 
zone 5: albite + actinolite + biotite 

The second and third zones correspond to very low
grade (Winkler, 1974) and the fourth and fifth zones 
to low-grade or greenschist facies metamorphism. The 
distribution of the zones is illustrated on the T ANT AN
GARA map. 

Plagioclase. typically unalbitised in zone I, is also 
locally unalbitised in higher-grade regionally metamor
phosed zones, probably because of a lack of sufficient 
interstitial fluid-for example, in lava fragments in an 
;1gglomerate at grid reference 369304 and in intrusions 
at grid references 356388 and 413423, which are in 
zones 3 and 4. Variable albitisation has been reported 
hy a number of workers on very low-grade metamor
phi~m. Dickinson ( 1962) suggested that the main 



Unit 
!map symbol) 

1-latchery Creek 
Conglomerate 

(Dmh) 

5 
0 
"' 0 

"' "' "' 0 
:a; 
~ 
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Taemas Limestone 
(D!t) 

Majurgong Formation 
(Dlj) 

~ Cavan Limestone 
;:; (Ole) 
~ 

l 
Sugarloaf Creek 
Formation 

(Dis) 

Kirawin Formation 
(Dlw) 

Mountain Creek 
Volcanics 

(Dlm) 

Rolling Grounds 
Latite 

(Dlr) 

Jackson Granite 
(Dgj) 

Burrinjuck Adamellite 
(Dgb) 

Distribution 

W of Goodradigbee 
valley, from Wee 
J as,oer northwards 

Goodradigbcc valley 
at Wee Jasper, and 
Murrumbidgee valley 
at Taemas 

Goodradigbee valley 
at Wee Jasper. and 
Murrumbidgee valley 
at Taemas 

Goodradigbee valley 
at Wee Jasper, and 
Murrumbidgee valley 
at Taemas 

Continuous arcuate 
belt from Wee 
Jasper to Taemas 

Continuous belt 
from Wee Jasper, 
through Narrangul
len to Kirawin 
homestead 

Brindabella Ra, u. 
Goodradigbee R, 
and E of Coolamine 

Rolling Ground 
Ridge, 
Coolcman Plain. 
MeLeods Ridge 

Mt Black, 
Mt Jackson, 
McLcods Ridge 

Burrinjuck Dam, 
Black Andrew Mtn 

TABLE I. SUMMARY DESCRIPTIONS OF NAMED PALAEOZOIC UNITS 

Rock types 

Conglomerate. sand
stone. and siltstone 
in fining-upward 
cydcs 

Massive to thin
bedded fossiliferous 
limestone and thin 
calcareous shale 

Brown to red siit
stone and shale 

Medium to thin-
bedded limestone 
and shale 

Lithic arenite, silt
stone, and shale 

Black shale and 
mudstone; minor 
rhyolite ncar base 

Rhyolitic lava and 
ignimbrite; tuff, 
agglomerate, fcld
spathic sediments 

Porphyritk latitc 
and andesite lava 

Pink granite, 
adamellite, aplite 

Pink adamellite, 
aplite 

.\1 inera/ content 
(igneous units) 

Phenocrysts: albite. 
labradorite, 
pyroxene. quartz, 
biotite; groundmass: 
quartz. feldspar 

Phenocrysts: 
clinopyroxene, 
orthopyroxene, 
1·lagioclase; 
ground mass: 
feldspar, quartz 

Quartz, feldspar, 
biotite, magnetite, 
sphene 

Quartz, feldspar. 
biotite. magnetite, 
sphene 

Environment/ 
mode of 

deposition 

Fluviatile: 
locally 
lacustrine 

Subtidal marine: 
locdl bioherms 

E,:-;tuarine 

Shallow marine; 
often intertidal 
or supratidal 

Alluvial fan 
with mudflows 
in W; 
fluviatile in E 

Restricted. 
anaerobic 
marine 

At least two 
st:-atovolcanic 
centres llanked 
by pyroclastic 
and tluviatile 
deposits 

Subaerial 

Thickneo;s 
(m) 

2900 

970 at Wee 
Jasper; H40 
at Taemas 

60 to 12'1 

155 at Wee 
Jasper; 
103 at 
Cavan 

1200 at 
Wee Jasper: 
200 at 
Cavan 

1000 at Wee 
Jasper; 
thins to 
zero at 
Cavan 

Up to 5000 

Ur to 250 

Stratigraphic relations 

Disconformable on Taemas 
Limestone 

Conformable on Majurgong 
Fm; diswnformable below 
Hatchery Creek Conglome
rate 

Conformable with Taema-; 
Limestone above and Cavan 
Limestone below 

Conformable with Majur~ 

gong Fm above and Sugar
loaf Creek Fm below 

Conformable with Cavan 
Limestone above and Kira 
win Fm or ~lountain Creek 
Yolcanks below 

Conformable with Moun
tain Creek Volcanics below 
and Sugarloaf Creek Fm 
above 

Overlies partly eroded Roll
ing Grounds Latite; uncon-
formable on Cooleman 
Plains Gp; conformable 
below Kirawin Fm; in
truded by Jackson Granite 

Unconformable on Coolc
man Plains Gp; overlain 
hy Mountain Creek Vol
canics after some erosion; 
intruded by Jackson 
Granite 

Intrudes Cooleman Plain:\ 
Gp, Coolamine Igneous 
Complex, Mountain Creek 
Volcanics. Gurrangorambla 
Granophyre, and Rolling 
Grounds Latite 

Intrudes Goobarragandra 
Vokanics. C o u r a g a go 
Granodiorite, and Micalong 
Swamp Basic Igneous Com
plex 

l:'[ject.\· of tectonism 

Broad folds: some over
turned beds, and dcav
agc developed near 
Long Plain Fault 

Broad folds with some 
cleavage in W: c0mplcx 
folds due possibly to 
gravity tectonics in E 

Broad folds with 
dc~wagc in w~ intense 
folds with cleavage in 
E 

Broad folds with 
deavagc in W; intense 
folds in E ('?gravity 
slumping) 

Broad folds, commonly 
with deavage 

Gentle folds near Nar
rangulJcn: more intense 
folds with cleavage to 
E and W 

Tight folds and cleav· 
age in Brindabella Ra; 
tilted only in Cooleman 
Mtns area 

Gently tilted in Conic
man Plain area, but 
steeper d i p s on 
McLeods Ridge; syn
cline on Rolling 
Ground Ridge 

Cut by left-lateral 
wrench faulting on 
Mount Black Fault; 
foliated against Koora
bri Fault 

Thrust over Hatchery 
Creek Conglomerate on 
Long Plain Fault 

Age 

M iddlc Devonian 
('?Eifclian} 

Late Pragian to 
Zli!.'hovian 

Pragian 

Pragian 

Late Lochkovian 
to early Pragian 

Late Lochkovian 

Lochkovian, pt)S~ihly to 
early Pragian 

Lth:hkovian 

Early Devonian; 
K/ Ar age on biotite 
of 413 :::':: R m.y. 

Early Devonian; 
K/ Ar biotite age 
415 :::':: 8 m.y., 
Rb/Sr age on biotite 
of 399 :::':: 8 m.y. 



Boggy Plain Adamellite 
(Dba, Dbg, Dbd) 

Hell Hole Creek 
Adamellite 

(Dhh) 

Coolamine Igneous 
Complex 

(Dlx, Dip) 

Gurrangommbla Granophyre 
(Dig) 

Kellys Plain 
Volcanics 

(Dlk) 

0 z 

~I 
li: 
i;:. 

J. 

Coodravale 
Granodiorite 

(Syo) 

Kennedy Range 
Adamellite 

(Syk) 

Starvation Point 
Adamellite 

(Syp) 

Spicers Creek 
Adamellite 
!Sys) 
Couragago 
Granodiorite 

!Syc) 

Broken Cart 
Granodiorite 

!Syb) 

Boggy Plain. Rock v 
Plain, Connors Hiil 

Hell Hole Ck 

Cooleman Plain, 
Coolcrnan Mtns. 
Seventeen Flat, 
McLeods Ridge 

Gurrangoramhla Ra, 
Coolcman Plain. 
and E of Mt Black 

Kellys Plain, Cur
rango Plain, Skains 
Hill. Peppercorn 
Ck, u. Goodradigbee 
R 

Adamellite, 
granodiorite, 
minor quartz gahbro 

Adamellite, minor 
granodiorite 

Granodiorite, quartz 
monzodiorite, quartz 
gabbro, adamellite, 
pyroxenite 

Pink granophyre 

Dacite and 
rhyodacite. 
ignimbrite, rhyolite, 
tuff. agglomerate 

S watershed of Wee Granodiorite, 
Jasper Ck adamellite 

1-1 eadwatcrs of 
Feints Ck 

N of YarrangPhilly 
Mtn 

N of Yarrangohilly 
Mtn 

Couragago, 
Tumorrama Swamp, 
Jeremiah Ck 

Broken Cart, Dubb.,, 
Emu Flat; Myers 
and Oaks Cks 

Adamellite, granite. 
aplite 

Adamellite 

Adamellite 

Granodiorite, 
adamellite 

Granodiorite, 
adamellite 

Feldspar, quartz. 
hornblende, biotite, 
clinopyroxene. 
orthopyroxene, 
magnetite, sphene, 
olivine 

Feldspar. quartz, 
biotite, hornblende, 
clinopyroxene, 
magnetite. sphene 

Feldspar, quartz, 
clinopyroxene, 
hornblende, biotite, 
orthopyroxene, 
magnetite, sphene 

Feldspar, quartz, 
chlorite, magnetite 

Phenocrysts: quartz, 
plagioclase, 
anorthoclase, 
biotite, cordieritc. 
hypersthene. garnet; 
groundmass: 
feldspar, quartz 

Feldspar. quartz. 
hornblende, biotite, 
allanite, opaques 

Feldspar, quartz, 
hornblende, biotite, 
hypersthene. 
opaques 

Feldspar, quartz. 
hornblende, hiotitc, 
allanite. opaques, 
prchnite, 
pumpellyite 

Feldspar, quartz, 
biotite, ilmenite 

Feldspar, quartz, 
biotite. ilmenite 

Feldspar, quartz, 
biotite. cordierite, 
ilmenite 

Subaerial 
ignimbritic 
eruptions 

At least 
300 

Intrudes Boltons beds, Tan
tangara Fm, and Gang 
Gang Adamellite 

Intrudes Tantangara Fm 

Intrudes Cooleman Plains 
Gp, Gurrangorambla Grano
phyre, Kellys Plain Vol
canks; intruded by Jackson 
Granite 

Intrudes Cooleman Plains 
Gp and Kellys Plain Vol
canics; intruded hy Coola
mine Igneous Complex and 
Jackson Granite 

Unconformable on Kiandra 
Gp, Tantangara Fm, and 
Cooleman Plains Gp: in
truded hy Gurrangorambla 
Granophyre and Coolamine 
Igneous Complex 

Intrudes Goobarragandra 
Volcanics and M icalong 
Swamp Basic Igneous Com
plex 

Intrudes GoobarragandrJ. 
Volcanics: intruded hy 
Micalong Swamp Basic 
Igneous Complex 

Intrudes Goobarragandra 
Vokani,:s 

Intrudes Goobarragandra 
Volcanics 

Intrudes Goobarragandr.1 
Voh::anics and l\1icaltV1g 
Swamp Basic Igneous Com
plex: intruded by Burrin
juck Adamellite 

Intrudes Goobarragandra 
Volcanics and Nlicalong 
Swamp Basic Igneous Cc,m
plex 

Displaced 
left-lateral 
fauiting on 
Plain Fault 

None 

km by 
wrench 

Bogg) 

Displaced by left
lateral wrench faulting 
on Mount Black Fault 

Displaced by left
lateral wrench faulting 
on Mount Black Fault 

Tilted to E and gently 
folded; displaced by 
about 200 m of thrust 
movement on Tantan
gara Fault 

Cm hy Long Plain 
Fault; weakly deformed 

Brccdated hy the Ken
nedy Range Fault 

Weakly deformed 

Weakly deformed 

\Vcakly dcfnrmcd 

Weakly deformed 

Probably 
Early Devonian; 
K! Ar age on biotite 
of 417 :±:: 10 m.y. and 
on hornblende of 
417 10 m.y.; 
Rb, age on biotite 
of 406 :±:: I m_y, 
(0_ Wyborn, 1977) 

Early Devonian 

Early Devonian 

Early Dcvnnian 

Early Devonian, 
possihly latest Silurian 

Late Silurian 

Late Silurian 

Late Silurian 

Late Silurian 

Late Silurian 

Late Sllurian 
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Unit 
(map symbol! 

Bugtown Tonalite 
(Sbt) 

Condor Granodiorite 
(Scg) 
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Bimberi 
Leucogranite 

tSgb) 

Ginini 
Leucoadamellite 

(Sgg) 

Half Moon Peak 
Adamellite 

(Sgh) 

McKeahnie 
Adamellite 

(Sgk) 

Ben dora 
Granodiorite 

(Sgo) 

Mclaughlins Flat 
Granodiorite 

(Sgm) 

Cow Flat Granite 
Porphyry 

<Scf) 
Booroomba 
Leucogranite 

(Smb) 

Westerly 
Leucogranite 

(Smw) 

McDonald Granite 
Porphyry 

(Smm) 

TABLE I. SUMMARY DESCRIPTIONS OF NAMED PALAEOZOIC UNITS-Continued 

Distribution 

Bulgar Ck valley 

Condor Ck 

Mt Bimberi 

Brindabella Ra; E 
and N of Mt Gin
gera 

Mt Murray, Mt 
Morgan. Half Moon 
Peak, 
Platypus Lodge 

Little Ginini, Mt 
Gingcra; W of Mts 
Bimbcri and Murray 

E of Mt Aggie to 
S of Bulls Head 

Willow Grove, 
McLaughlins Flat, 
Fontenoy; E of 
Big Bugtown Hill 

Cow Flat 

Booroomba, 
Blue Gum Ck, 
White Horse Flat, 
Paddys R Road, 
Boo roo mba Rock-; 

NW pf Ashvalc 

McDonald Hill; E 
of Uriarra Forestry 
Settlement 

Rock t;·pes 

Tonalite. 
granodiorite 

Granodiorite, 
tonalite 

Leucogranite and 
aplite 

Lcucoadamellitc, 
adamellite, aplite 

Adamellite 

Foliated adamellite 

Foliated 
granodiorite 

Foliated 
granodiorite 

Leucocratic quartz
feldspar porphyry 

Leucogranite and 
aplite 

Leucogranite 

Porphyritic granite 

Mineral content 
(igneous units) 

Feldspar, quartz, 
hornblende, biotite, 
magnetite, allanite 

Feldspar, quartz, 
hornblende, biotite. 
dinopyroxcnc. 
magnetite 

Feldspar, quartz, 
muscovite, biotite 

Feldspar, quartz, 
hiotite, muscovite, 
?cordierite pseudo
morphs 

Feldsrar. quartz, 
biotite. muscovite. 
cordierite pseudo
morphs 

Feldspar, quartz, 
biotite. muscovite 

Feldspar, quartz, 
biotite. muscovite. 
cordierite pseudo
morphs 
Feldspar, quartz, 
biotite, muscovite 

Feldspar, quartz; 
minor biotite, 
sphene, clinozoisitc 

Feldspar, quartz, 
muscovite. biotite; 
rare garnet 

Feldspar, quartz, 
muscovite, biotite, 
garnet, andalusite 

Feldspar. quartz. 
altered biotite 

Environment I 
mode of 

deposition 

Thickness 
(m) 

Stratir:raphic relations 

Intrudes Tantangara Fm 

Intrudes Nungar beds. 
Overlain by Mountain 
Creek Volcanics 

Intrudes Nungar beds, 
McKeahnie Adamellite, and 
Half Moon Peak Adame! 
lite 
Intrudes Nungar beds -.md 
pro b a b I y McKcahnie 
Adamellite and Bendora 
Granodiorite 

Intrudes Nungar beds, Tan
tangara Fm, and probably 
McKeahnie Adamellite; in
truded by Bimberi Leuco
granite 

Intrudes Nungar beds 
and Tantangara Fm; in~ 

truded by Bimberi Leuco
granite and probably by 
Half Moon Peak Adamel
lite and Ginini Leuco
adamcllite 
Intrudes Nungar 
probably intruded 
Ginini Leucoadamellite 

Intrudes Nungar hcds and 
Tantangara Fm 

Intrudes Tidhinbilla 
Quartzite 

Intrudes Adaminaby beds 
and Shannons Flat Adamel
lite 

Intrudes Adaminaby beds, 
Caiiemondah Granodiorite. 
and Yamtk Leucogranite 

Intrudes Walker and 
Uriarra Volcanics 

Effects oj tectonism 

I ntcnscly deformed and 
foliated 

Weakly deformed 

Intensely defnrmed 

Intensely deformed 

Deformed 

Intensely deformed 

Intensely deformed 

Intensely deformed 
in most r laces 

Cut by Cotter Fault 

Weakly deformed 

Weakly deformed: con
t;:u:t-mctamorphosed by 
a mafic 1-type pluton 

Weakly deformed 

Age 

Late Silurian 

Probably Late Silurian 

Silurian, probably 
Late Silurian 

Silurian. probably 
Late Silurian 

Silurian, probably 
Late Silurian 

Silurian, probably 
Late Silurian 

Silurian, probably 
Late Silurian 

Silurian, probably 
Late Silurian; K! Ar 
age on biotite of 
422 ± 8 m.y.; Rb/Sr 
age on biotite of 
412 ± 8 m.y. 
Probably Late Silurian 

Probably Late Silurian: 
Rb/Sr whole-rock age 
of 415 ± 2 m.y.* 

Probably Late Silurian; 
Rb!Sr ages on musc"O
vites of 408 ± 4 and 
405 ± 4 m.y.* 
Probably Late Silunan 
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Yaouk Leucogranite 
(Smy) 

Shannons Flat 
Adamellite 

(Smf) 

Stewartsficld 
Granodiorite 

(Sms) 

Callemondah 
Granodiorite 

(Smc) 

Clear Range 
Granodiorite 

(Smr) 

Bolairo Granodiorite 
(Sma) 

Willoona 
Tonalite 

(Smo) 

Tonalite at 
Ash vale 

<Smt) 
Lucas Creek 
Granite 

(Slgl 
Gang Gang Adamellite 

(Sga) 

Micalong Swamp Basic 
Igneous Complex 

(Sbm, Sim) 

Scabby Ra, Yaouk 
Bill Ra. Asbvale 

Shannons Flat. 
Boboyan Divide, 
Mt McKeahnie. 

Tidbinbilla Nature 
Reserve. 
Paddys R. Pierces 
Ck Pine Forest 

Near Stuartfield; S 
of Yaouk 

Boboyan Hill, 
Pheasant Hill, 
Flynns Ck 

Rocky Crossing, 
Long Flat 

N of Bolaro to 
Yarra Glen 

N of Jones Plain; 
W of Willoona 

NW of Ashvale 

Lucas Ck. 
Studlands, 
Hughes Ck 
Alpine, Gang Gang, 
and Waterhole Cks. 
Alpine Hill 

Large number of 
stocks and dykes 
between Jeremiah 
Ck in N and bead
waters of Feints Ck 
in S 

Coarse-grained 
leucogranite 
intruded by many 
aplitic bodies 

Coarse-grained 
adamellite and 
leucoadamellite 

Granodiorite and 
adamellite 

Foliated 
granodiorite 

Foliated 
granodiorite 

Foliated 
granodiorite 

Foliated tonalite 
and granodiorite 

Hornblende tonalite 

Leucogranite, 
adamellite 

Leucoadamellite, 
adameJlite, 
sodic leucogranite 

Gabbro, dolerite, 
quartz diorite, 
anorthositic gabbro, 
tonalite. 
Ieucogranodiorite, 
pyroxenite 

Feldspar. quartz, 
muscovite, biotite 

Feldspar, quartz, 
biotite, muscovite 

Feldsrar, quartz, 
biotite, muscovite, 
cordierite pseudo
morphs, garnet 

Feldspar. quartz. 
biotite, muscovite, 
cordierite pseudo
morphs 

Feldspar, quartz, 
biotite, muscovite. 
cordierite pseudo
morphs 

Feldspar, quartz, 
biotite. muscovite, 
cordieritc pseudo
morphs 
Feldspar, quartz, 
biotite, muscovite, 
cordicrite pseudo
morphs 
Plagioclase, 
hornblende. quartz, 
biotite 
Feldspar, quartz, 
muscovite, 
biotite 
Feldspar, quartz, 
biotite, muscovite, 
garnet, andalusitc 

Plagioclase, 
hornblende, 
clinopyroxene, 
uralite. magnetite, 
orthopyroxene, 
olivine, apatite, 
quartz. ferro
hastingsite, 
antiperthite 

*Age determinations from Roddick & Compston (1976). 

Intrudes Adaminaby beds. 
Bolairo Granodiorite. and 
Willoona Tonalite; prob
ably gradational into Shan
nons Flat Adamellite; in
truded by Westerly Leuco
granite 

Intrudes Adaminaby beds. 
Paddys River Volcanics, 
Callemondah and Clear 
Range Granodiorites, and 
Willoona Tonalite; prob
ably gradational into 
Yaouk Leucogranite; in· 
truded by Booroomba 
Leucogranite 
Intrudes Adaminaby beds 

Intrudes Adaminahy beds; 
intruded by Shannons Flat 
Adamellite 

Intrudes Adaminaby beds: 
intruded by Shannons Flat 
Adamellite 

Intrudes Adaminaby beds; 
intruded by Westerly 
Leucogranite 

Intrudes Adaminaby beds; 
intruded by Shannons Flat 
Adamellite and Yaouk 
Leucogranite 
Intrudes Yaouk and Wes
terly Lcucogranites 

Intrudes Nungar hcds and 
Tantangara Fm 

Intrudes Boltons and Nun
gar beds and Tantangara 
Fm; intruded by Boggy 
Plain Adamellite 

Intrudes Goobarragandra 
Volcanics; intruded by most 
of the Young Batholith 
plutons and Burrinjuck 
Adamellite 

Weakly deformed 

Weakly 
tensely 
places 

deformed; 
deformed 

Weakly deformed 

Deformed 

Deformed 

Weakly deformed 

Weakly deformed 

Weakly deformed 

Weakly foliated 

Probably Late Silurian 

in- Probably Late Silurian: 
in Rb/Sr age on minerals 

and whole rocks of 
414 ± m.y.* 

Probably Late Silurian 

Probably Late Silurian; 
Rb/Sr age on biotite of 
410 ± 4 m.y.• 

Probably Late Silurian: 
Rb/Sr age on biotite of 
410 ± 4 m.y.* 

Probably Late Silurian; 
Rb/ Sr age on biotite of 
402 4 m.y. • 

Probably Late Silurian; 
Rh/Sr age on biotite of 
410 ± 4 m.y.* 

Probably Late Silurian; 
K.' Ar age on biotite of 
414 ± 6 m.y. 
Probably Late Silurian 

Weakly foliated; dis
placed 5 km by left
lateral wrench faulting 
on Boggy Plain Fault 

Probably Late Silurian 

Weakly deformed Late Silurian; Ki Ar 
age on hornblende of 
430 ± 9 m.y. 



Unit 
(map symbol) 

Goobarragandra 
Volcanics 

(Sg) 

Ginninderra 
Porphyry 

(Spg) 

Uriarra Volcanics 
(Svu) 

Tarpaulin Creek 
Ashstone Member 

(Svt) 

Laidlaw Volcanics 
(Svl) 

Yass Formation 
(Suy) 

Glen Bower Formation 
(Sug) 

Hawkins Volcanics 
(Svh) 

Walker Volcanics 
(Svw) 

TABLE I. SUMMARY DESCRIPTIONS OF NAMED PALAEOZOIC UNITS-Continued 

Distribution 

Belt between W ot 
Burrinjuck Dam in 
N and Rules Point 
in S 

Ginnindcrra Ck, 
Little Swamp Ck, 
The Horseshoe 

Narrow belt be
tween Vanity Cross~ 
ing in S and 
Tinkers Ck in N 

Narrow belt be
tween Cotter Dam 
in S and Tinkers Ck 
in N 
Extensive area in 
NE 
BRINDABELLA; 
E of Cotter reserve 

NE corner of 
BRINDABELLA 

Mt Boambolo 

NE corner of 
BRINDABELLA 
and near 
Mt Boambolo 

Cotter Dam. 
Ranger Hill, 
Walker Hill, 
Pine Ridge. 
Fairlight Rd 

Rock types 

Dacite, albitised 
dacite, voJcanic 
breccia, tuff, re
worked volcani
clastir sediments, 
limestone 

Porphyritic 
microgranite 

Dark grey to pink 
rhyodacite 

Ashstonc 

Rhyodacite 

Interbedded 
siltstone, shale 

Interbedded lime
stone, sandstone, 
siltstone, red shale, 
minor conglomerate 

Dacite 

Dacite 'ignimbrite, 
bedded tuff. 
volcaniclastic 
sediment. 
limestone 

A4ineral content 
(igneous units) 

Phenocrysts: 
plagioclase, quartz. 
biotite; rare 
cordierite, hypers
thene. hornblende, 
adinolitc; ground
mass: feldspar, 
quartz 

Phenocrysts: quartz. 
plagioclase, altered 
mafic minerals. 
allanite; orthoclase 
megacrysts; ground
mass: f cldspar. 
quartz 
Quartz, albite 
(altered from 
calcic plag.), 
sanidine, biotite, 
allanite, hypersthcP'.! 

Quartz, albite. 
K-feldspar 

Phenocrysts: quart?, 
labradorite, 
sanidinc, biotite, 
hypersthene, 
allanite~ ground
mass: fclds~Jar, 

quartz 

Phenocrysts: quart.l, 
plagioclase 
(altered to albite). 
biotite, cordieritc 
(altered). garnet; 
grounJmass: felll
spar. quartz 

Phenocrysts: quartz, 
albite, biotite, 
cordierite. garnet; 
groundmass: feJd · 
~:1ar, qttart! 

Ent·ironment/ 
mode of 

deposition 

Subaerial 
ignimbritic 
and fissure 
eruptions 

Subaerial 

Subaerial 
ashfalls 

Subaerial 
ignimbritic 
eruptions 

?Marine 

Very shallow 
marine to 
estuarine or 
deltaic 
Subaerial 
ignimbritic 
eruptions 

Terrestrial. with 
minor shallow
marine 
incursions 

Thickness 
lmJ 

Unknown, 
probably 
over 1000 

Probably 
at least 
2000 

2 to 10 

About 1000 

300-400 

!000 

At least 
2000 

Stratigraphic relation,') 

Intruded by Young Batho
lith. Micalong Swamp Basic 
Igneous Complex, and 
Burrinjuck Adamellite 

Effects of tectonism 

Broad open folds; 
no foliation 

Intrudes Laidlaw Yokanics~ Undef~)rmell 

unconformable below 
Mountain Creek Volcanics 

Disconformable on Walker 
Volcanics; unconformable 
below Mountain Creek 
Volcanics 

Basal mcmhcr of Uriarra 
Vok·anks 

Conformable on Yass Fm; 
'?unconformable on Glen 
Bower Fm; unconformable 
below Mountain Creek 
Volcanics; intrudell hy 
Ginninderra Porphyry 

Conformable on Hawkins 
Volcanics; conformable 
below Laidlaw Volcanics 
?Unconformable be I ow 
Laidlaw Volcanics; con
formable on Hawkins Vol
canics 
Conformable below Yass 
and Glen Bower Fms: base 
not seen in mapped area 

Conformahle on unnamed 
volcanic sequence W of 
Belconncn: ?disconformablc 
below U riarra Volcanics 

Broad open foh.Js 

Broad open folds 

Broad open folds 

Broad opt'n folds 

Gentle folds; 
extensively faulted 

Broad oren fnlll-; 

Broad oren fold.., 

Late Silurian~ Rb/Sr 
whole-rock age of 
429 ± 16 m.y.; 
porphyry dyke in 
volcanics dateJ as 
42~ 9 m.y. ( K/ Ari 
and ± 8 m.y. 
(Rb;SrJ 

LuJiovian 

?Early Ludlovian 

?Early Ludlovian 

Early Ludlovian 

Earliest Ludlovian 

Earliest Lw..tlovian 

Late Wenlockian 

Late Wenlockian 
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Paddys River Volcanics 
(Smp) 

Micalong Creek beds 
(Sum) 
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Blue Watcrhole 
Formation 

(Sbw) 

Coolcman Limestone 
(Sci) 

Pocket Formation 
(Sps) 

Peppercorn Formation 
tSme) 

Tidbinbilla Quartzite 
tSt) 

'I antamwm Formation 
(Sa. Saq) 

Adaminaby beds 
<Oub, Og, Og,) 

Nungar beds 
(On. Ons) 

Paddys R, 
Uriarra Pine Forest, 
Cotter valiey. 
The Mullion 

Goodradigbee valley 
S of Wee Jasper 

Coolcman Plain, ~ 
to Koorabri 

Cooleman Plain. u. 
Goodradigbcc valley 

U. Goodradigbce 
valley 

Discontinuous out
crops fro:n Nungar 
Ck to Brindabella 

Cntter valley W of 
Tidbinbilla Mtn; 
small area on Two 
Sticks Rd 

Wide belt from 
Pocket Saddle to 
L Eucumbene; 
Zinc Ridge. 
Mt Nattung 

From Adaminaby N 
to Tidbinbilla Ra 
and Bullen Ra: 
Shannons Flat to 
Orroral Valley 

Nungar Ridge, 
Nungar Plain, 
Monaro Ra, 
Brindabella Ra 

Dacite ignimbrite; 
minor rhyoiitc, tuH. 
iimestonc, mudstone 

Limestone. siltstone, 
shale 

Bedded chert. silt
stone, mudstone 

Massive to well
bedded limestone, 
commonly 
recrystalliscd 

J\1udstone. siltstone. 
shale, limestone 

Basal conglomerate, 
arenite. siltstone, 
stu-tie, limestone 

Quartzite, minor 
shale 

Coarse to fine 
quartz arenite, 
siltstone. and shale 
in graded units 

Coarse quartz 
arenite, siltstone. 
and shale in graded 
units~ black grapto
litic shale 

Fine quartz 
arenite, siltstone. 
slate 

Phenocrysts: quart.>:, 
albite, biotite. 
cordierite, garnet; 
ground:nass: feld
~:-:ar. quartz 

Terrestrial, with 
minor shallow
marine 
incursions 

Shallow marine 

Shallow marine 

Shallow marin~.:. 

but not inter
tidal 

Shallow marine 

ShaJlow marine 

Marine, outer 
shelf 

Deep marine; 
by turbidity 
currents 

Deep marine; 
by turbidity 
currents 

Deep marine; 
by turbidity 
currents 

At least 
1000 

?200 

70 to 600 

Up to 650 

At least 
1000 

Up to 1000 

300 

Up to 
nooo 

At least 
1000 

At least 
10(){) 

Unconformable on Ordo
vician flysch; ?unconform
able or ?disconformable on 
Tidbinbilla Quartzite; un
conformable below Moun
tain Creek Volcanics; in
truded by Shannons Flat 
Adamellite 

In faulted contact with all 
surrounding units 

Unconformable be I ow 
Kellys Plain and Mountain 
Creek Volcanics; conform
able on Pocket and Pep-
percorn Fms; passes 
laterally into Cooleman 
Limestone 
Conformable on Pepper
corn Fm; passes laterally 
into Pocket and Blue 
Waterholc Fms; discon
formable and conformable 
below Blue Waterhole Fm 

Unconformable on Tantan
gara Fm; passes laterally 
into Cooleman Limestone 
and Peppercorn Fm 

Unconformable on Kiandra 
G p and T antangara Fm; 
passes laterally into Conic
man Limestone and Pocket 
Frn, and conformably up 
into Blue Waterhole Fm 

Unconformable on Adami
naby beds: ?unconformable 
or ?disconformable below 
Paddys River Volcanics 

Unconformable on Nungar 
beds and Kiandra Gp; un
conformable below Coole
man Plains Gp and Kellys 
Plain Volcanics 

?Unconformable 
Tantangara Fm; 
conformable on 
beds 

be I ow 
probably 

Nun gar 

?Passes laterally intl) 
Klandra Gp and Boltons 
beds; unconformable below 
Tantangara Fm: base not 
exposed 

Steep dips; well-deve
loped foliation in S; 
weak foliation in N 

Steep dip and intense 
cleavage 

Open folds on Coole
man Plain; intense 
folds and cleavage to 
N 

Open folds generally; 
intense folds and deav
age locally 

Intense fnlds and deav~ 
age 

Broad open folds in S; 
intense folds with cleav
age in N 

Gentle dip to W 

Intense folds with 
cleavage E of Tantan· 
gara Fault 

Intense folds except VV 
of Tidbinbilla Ra, 
where folds are gentle 

Intense folds with well~ 

developed cleavage 

Late Wenlockian 

Ludlovian 

Ludlovian to 
Pridolian 

Late Wenlockian 
to early Pridolian 

?Late Llandoverian to 
?early Ludlovian 

Late Llandoverian to 
?early Ludlovian 

Late Llandoverian to 
early Wenlockian 

Early Llandoverian 

Late Eastonian to early 
Bolindian 

'?Darriwi!ian to early 
Easton ian 
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Unit 
(map srmbol) 

Nine Mile 
Volcanics 

(Oks. Okt. Okl, Oki) 

Temperance Formation 
(Otd. Otc. Ott, Otb) 

Gooandra Volcanics 
<Ogl, Ogs, Ogi) 

Boltons beds 
<Oln) 

TABLE I. SUMMARY DESCRIPTIONS OF NAMED PALAEOZOIC UNITS-Continued 

Distribution 

N end of Long 
Plain, Little Pepper
corn Plain 

Kiandra to N end 
of Long Plain 

Long Plain 
Kiandra Plain 
Gooandra Ck 

lll 

and 

Four Mile Hill. 
Tantangara Mtn. 
Blanket Hill, 
Blackfellows Hill 

Rock types 

High-K porphyritic 
basalt, basaltic tufT: 
minor chert, feld
spathic arenite; 
monzonite, 
hornblenditc 

Basaltic tutf, 
agglomerate, chert, 
volcaniclastic 
sediments 

Basaltic to ande
sitic lava, and 
breccia; m.inor 
rhyolite, 
volcaniclastic 
sediment; gabbro 

Fine quartz 
arenite. siltstone. 
shale 

l'Jineral content 
figneous units) 

Clinopyroxene. 
plagioclase, 
K-feldspar, altered 
olivine, hornhlend·~. 

biotite, magnetite. 
apatite, prehnite, 
pumpellyite, 
actinolite 
Feldspar, 
clinopyroxene, 
hornblende. 
rrehnite, 
pumpellyite 
actinolite, quartz. 
magnetite, apatite, 
altered olivine 

Albite, epidote, 
adinolite, chlorite, 
clinopyroxene, 
magnetite; minor 
quartz. biotite, 
sericite, 
K-feldspar 

Environment f 
mode of 

lie position 

Deep to 
shallow-marine. 
locally subaeria~ 

Submarine, as 
archipelagic 
aprons around 
volcanic centre'; 

Probably aH 
submarine, in 
deer water 

Thickness 
(m) 

At least 
1050 

Up to 
5000 

At least 
3000 

Deep marine, b~ At least 
turbidity 2000 
currents 

Stratigraphic relations 

Passes laterally into Tem
perance Fm; unconform
able below Tantangara and 
Peppercorn Fms 

Effects uf tectonLvn 

Intense folds with 
cleavage 

Conformable on Boltons Intense fold'i with 
beds; passes laterally into cleavage 
Nine Mile Volcanics and 
Nungar beds: unconform· 
able below Tantangara Fm 

Conjectural, as all contacts 
faulted 

Intense folds and faults; 
well-developed cleavage. 
and schistosity in places 

Conformable below Kian- Intense folds with 
dra Gp; ?passes laterally deavagc developed 
into Nungar beds; hase not 
exposed 

Age 

Gisbornian 

Late Darrlwilian to 
?late Gisbornian 

?Late Darriwilian 
to ?early Gisbornian 

'! Darriwilian 



reason for selective albitisation in Jurassic andesitic 
tutl in Oregon was an unequal distribution of inter
stitial water. Jolly ( 1970) reported unalbitised plagio
clase from the margins, of thick coarsely crystalline 
flows of the Las Tetas Lava in Puerto Rico. In volcanics 
in British Columbia, plagioclase in the cores of pillow 
lavas and flows is albitised and pumpellyitised. whereas 
that in tufTs and pillow rims is not; Kuniyoshi & Liou 
( 1976) attributed the selective albitisation and pum
pellyitisation to the variable composition of the pore 
fluid as Fc-Ti oxides recrystallised. This explanation 
does not account for selective albitisation in the TAN
T ANGARA rocks in which TiO.. is low and pum
pellyite poorly developed (sec z~1nc 3). A further 
contrast with the British Columbian volcanics is that 
plagioclase in the tufTs in zones 2 to 4 in the T ANT AN
GARA rocks appears to have been albitised before 
that in the thick lavas, intrusions, and massive lava 
fragments in agglomerates. 

Zone I: unalbitised plagioclase 
This zone has been detected in three areas, all within 

the Temperance Formation: on the ridge northwest of 
Black Walters Creek, on the ridge south of Kiandra 
Creek. and near the unconformity with the overlying 
Tantangara Formation 2 km south of Black Hill. In 
this zone all original igneous minerals are unaltered. 
These minerals are plagioclase, orthoclase, clino
pyroxene, and hornblende. Olivine is not apparent in 
rocks from this zone. 

In the contact aureole of the Boggy Plain Adamellite, 
plagioclase is commonly unalbitised, yet clinopyroxene 
is almost completely altered to actinolite, chlorite, and 
biotite; apparently the dry heating in the contact zone 
had little etlect in promoting the albitisation process. 

Zone 2: albite + prehnite 
Rocks in this zone have been mapped on the western 

edge of Dairymans Plain, northeast of Tantangara 
Mountain, and around the head of Kiandra Creek. 
South of Wild Horse Plain, a lack of samples has left 
the zone undetected, whereas ncar Black Hill the pre
dominance of pure chert has precluded diagnostic 
minerals from developing; at both these places the 
presence of the zone can be inferred as they lie between 
zone I and higher-grade zones. 

Zone 2 is distinguished by the breakdown of plagio
clase and the appearance of prehnite. The plagioclase 
is perfectly pseudomorphed by albite, which is either 
clear or dusted with sericite flakes. Albite twinning is 
commonly absent or ditTuse. Prehnite does not occur 
as inclusions in the albite, but is more common in the 
matrix of the rock or in veins. At the very lowest grade, 
prehnite is rare and invariably associated with primary 
opaques. In places it fills cracks or cavities. along with 
authigenic albite, chlorite, and iron-rich epidote. Iron
rich epidote, which first appears in this zone, is mostly 
interstitial, rarely included in albite, and generally not 
as abundant as prchnite. 

Olivine pseudomorphs in lava fragments in zone 2 
are completely pseudomorphed by chlorite, with minor 
sphene. Prehnite also partly replaces some crystals. 
Jolly ( 1970) reported prehnite replacing olivine in his 
zone 2 rocks in Puerto Rico. 

Orthoclase, clinopyroxene, and hornblende remain 
unaltered in metamorphic zone 2. 

Zone 3: albite + prehnitc + pumpellyite 
This zone is distinguished from zone 2 solely by the 

incoming of pumpellyite. Rocks of zone 3 crop out on 
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Dairvmans Plain, within the chert-rich inlier on the 
Mur~umbidgee River west of Nungar Creek, and on 
Long Plain south of Peppercorn Hill. A large area 
around McPhersons Creek and a narrow hell southeast 
of Wild Horse Plain probably also contain rocks of 
zone 3, but none of the samples collected there has been 
of suitable composition. 

The pumpellyite is not well developed. In lavas on 
Long Plain and volcanic arenites on Dairymans Plain 
it occurs as scattered interstitial patches less than 
0.1 mm, along with chlorite and less commonly 
prehnite. Jt also occurs as inclusions in albitised plagio
clase crystals. It is best developed in a clinopyroxene 
tufT on Long Plain (at grid ref. 457603) where, with 
minor prehnite, it forms patches up to 0.5 mm; two 
varieties are present: a brownish green type sur
rounded by the more familiar bluish green type. In a 
clinopyroxene porphyry intrusion on Long Plain, pum
pellyite is associated with chloritised primary igneous 
biotite flakes. The pumpellyite is mostly granular, but 
often has a prismatic habit with characteristic Y elonga
tion, and pleochroism X ~ Z colourless, Y = bright 
blue-green. The petrographic determination of pum
pellyite was confirmed by X-ray identification of the 
major reflections at 3.03A, 2.74A, and 2.45A. The 
pumpellyite occupies textural positions similar to those 
of prehnite in zone 2, so the reaction involving the 
incoming of pumpellyite is probably a prehnite-consum
ing reaction such as that proposed by Seki ( 1969) : 

prehnite + chlorite + H:!O = pumpellyite + quartz 
Prehnite is still common in zone 3, mostly as veins and 
large patches. One lava on Long Plain contains 
prehnite and pumpellyite as inclusions in albitised 
plagioclase phenocrysts, but also contains biotite pheno
crysts which are almost completely replaced by prehnite 
11nd lesser chlorite, opaques, and epidote. 

Clinopyroxene, orthoclase, and hornblende are un
altered in zone 3 whereas olivine is altered as in zone 2. 

Zone 4: albite + actinolite ( + clinozoisite) 
This zone is distinguished by the disappearance of 

prehnite and pumpellyite and the appearance of actino
iite. The boundary between zone 3 and 4 is probably 
r;radational. Several samples contain prehnite and 
actinolite, but none of them contains actinolite and 
pumpellyite. 

Zone 4 is widely developed in the Nine Mile Vol
canics cast of Peppercorn Hill, in the Temperance 
Formation southwest of Cooinbil, and in a belt com
prising mainly the Gooandra Volcanics and Temper
ance Formation either side of the Kiandra Fault 
between east of Rules Point and Kiandra; all the 
Gooandra Volcanics north of Gooandra Hill are in this 
zone. 

In the Nine Mile Volcanics and Temperance Forma
tion the onset of zone 4 is marked by clinopyroxene 
beginning to break down to actinolite. The first stage 
of this breakdown results in a pale fibrous overgrowth 
of actinolite on unaltered clinopyroxene, while actino
lite needles grow in the rims of altered olivine crystals. 
As alteration continues, clinopyroxenes are veined by 
pale actinolite, and actinolite needles become more 
abundant in altered olivine grains. Some olivines also 
develop cores of composite quartz. In the most altered 
samples only a trace of clinopyroxenes is left.' and 
chloritised olivine is cut by a network of actmohtc 
needles; the clinopyroxene is commonly pseudomorphed 
by optically continuous actinolite. 



The breakdown of pumpellyite from zone 3 to zone 4 
probably results in the development of actinolite and 
epidote or clinozoisite, as suggested by Ban no ( 1964) 
and Seki (1969). Epidote is not abundant in the Nine 
Mile Volcanics or Temperance Formation, probably 
because much of the original calcium in the lavas is 
present in clinopyroxene, and most of the original 
feldspar is orthoclase. Epidote does not markedly 
increase in abundance in zone 4 as a result of 
pumpellyite-consuming reactions, probably because 
pumpellyite is not abundant in zone 3. In a few samples 
coloured epidote is commonly surrounded by a colour
less rim with anomalously coloured low birefringence: 
this is probably clinozoisite. The presence of ortho
rhombic zoisite in a metachert in Y ARRAN GO BILLY 
(at grid ref. 985628 in the Cabramurra SMA 1-Mile 
Series Sheet area) is evidence of low-grade (green
schist facies) metamorphism (Winkler, 1974). 

Hornblende and potash feldspar remained unaltered 
in zone 4. The persistence of potash feldspar into the 
lower greenschist facies is in marked contrast to that 
reported by Bishop ( 1972) in Otago greywackes, in 
which detrital potash feldspar broke down into white 
mica well before pumpellyite disappeared. In the Nine 
Mile Volcanics and Temperance Formation the abund
ance of potash feldspar and the lack of sufficient 
alumina to form white mica has resulted in potash 
feldspar remaining stable into the lower greenschist 
facies. X-ray examination of several rocks in zone 4 
has shown that the potash feldspar is intermediate and 
maximum microcline, though the unaltered rock would 
probably have contained sanidine. Not until biotite 
became stable in the upper greenschist facies (zone 5) 
did potash feldspar begin to break down. 

In the Gooandra Volcanics, zone 4 rocks consist 
of the assemblage albite-epidote-actinolite-chlorite
quartz-opaques. Epidote is much more abundant than 
in the Nine Mile Volcanics and Temperance Forma
tion, reflecting the greater abundance of plagioclase in 
the original volcanics. Clinozoisite is rare, but epidote 
is commonly zoned with coloured cores and paler iron
poor rims; the zoning is a result of increasing tempera
ture (Miyashiro, 1973). 

Relict clinopyroxene is apparent in only one lava 
sample from the Gooandra Volcanics (at grid ref. 
3 84462), but is quite common in the intrusives within 
the Gooandra Volcanics. 

Zone 5: albite + actinolite + biotite 
No rocks from the Kiandra Group are in this zone 

in TANTANGARA, but the Nine Mile Volcanics 
around Tumut Ponds (Y ARRANGOBILL Y), in the 
type area, are in zone 5. These rocks still possess their 
original volcanic texture, but phenocrysts of plagio
clase are albitised and those of clinopyroxene are 
actinolitised. Hornblende is still unaltered. The actino
lite in the clinopyroxene pseudomorphs is commonly 
a darker green than in zone 4. 

This zone is characterised by the breakdown of 
potash feldspar and the formation of biotite. In the 
groundmass of the lavas near Tumut Ponds the biotite 
forms monomineralic patches, and schistose zones 
which are parallel to the original flow alignment of 
plagioclase phenocrysts. It also fills cracks in albitised 
plagioclase phenocrysts and veins. Clinopyroxene 
pseudomorphs commonly contain biotite in their cores. 
The biotite is pleochroic from pale yellow to pale 
greenish brown or brown and is mostly interlayered with 
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or partly altered to chlorite. Staining with sodium cobalt
initrite reveals that the rock still retains some unaltered 
potash feldspar, which has been partly mobilised along 
veins and into cracks in albite phenocrysts. The concen
tration of biotite and potash feldspar into veins and 
fractures is an indication of the mobility of K.,O in this 
zone, and is in marked contrast to its imm-obility in 
lower-grade zones. There may be a nett loss in K:JO 
from the rock at this stage. 

In the breccia belt of the Gooandra Volcanics the 
assemblage is much the same as in zone 4, as K.,O is 
much less common in these lavas. In the 'rhyolitic' 
lavas, however, schistose zones rich in muscovite and 
minor green biotite are present. The Gooandra Vol
canics are in general more highly deformed than the 
Nine Mile Volcanics and Temperance Formation, and 
have a well-developed secondary foliation commonly 
bent around augens of epidote and quartz. 

Discussion 

The Ordovician basic lavas and clastics in TAN
T ANGARA have been metamorphosed up to the upper 
greenschist facies. The metamorphic grade appears to 
continue across the Kiandra Fault from the Temper
ance Formation into the Gooandra Volcanics, imply
ing that the major movements on this fault antedate 
the metamorphism. 

The textural rearrangement of the rocks has been 
minimal, and original igneous textures are still 
preserved in the upper greenschist facies (zone 5). 
Only in some parts of the Gooandra Volcanics could 
the rocks be called schists. As the rearrangement of 
minerals has been pronounced, zones can be mainly 
related to particular primary igneous minerals becom
ing unstable. With increasing grade, first plagioclase 
then clinopyroxene then orthoclase break down, and 
the resulting metamorphic products are albite, prehnite, 
pumpellyite, and epidote from plagioclase; actinolite 
from clinopyroxene; and biotite from orthoclase. As 
the primary igneous minerals are metastable the 
reactions are disequilibrium reactions, and cannot be 
accurately described in P-T space. The stability of 
individual metamorphic minerals will depend on 
temperature, load pressure, fluid pressure, and 
chemical composition including H:!O and CO:! in the 
rock. Carbonate minerals are minor components in 
these rocks, indicating low CO., activity. Barron & 
Barron ( 1976) showed that the- sequence of mineral 
reactions is totally different in the metamorphism of 
the Ordovician Sofa! a Volcanics (north of Bathurst). 
in which CO., activity and overall chemical mobility 
are much higher. The lack of CO:! in the Nine Mile 
Volcanics may be one of the main reasons why the 
metamorphosed lavas are chemically similar to the 
original lavas. 

Southwest of Wild Horse Plain the change from 
unrecrystallised rocks to upper greenschist facies takes 
place over a distance of only 5 km; this implies a high 
geothermal gradient, although the area has probably 
been complicated by faulting. The absence of lawsonite 
nnd the apparent lack of a pumpellyite + actinolite 
zone (Bishop. 1972) also imply a high geothermal 
gradient. According to the P":' o-T diagram of Winkler 
( 1974, p. 183), the boundary between zones 3 and 4 
(i.e., the start of greenschist facies metamorphism) was 
probably at pressures no higher than 3 kb at a tem
perature of 350°C, indicating that the minimum geo
thermal gradient during metamorphism was about 



35aC!km. This gradient assumes vertical isograds and 
no postmetamorphic faulting, both of which arc dubious 
assumptions; dipping isograds would increase the geo
thermal gradient, whereas postmetamorphic faulting
which is likely to have taken place along the Kiandra 
Fault-would most likely decrease it. 

A feature of the metamorphic isograds in the 
Kiandra Group is that they are the reverse of the 
~tratigraphic sequence: the lowest-grade rocks tend to 
be the oldest. This implies that the Kiandra Group 
was already folded into some sort of inclined position 
before it was metamorphosed. Also, the lowest-grade 
rocks tend to be beneath the unconformity with the 
overlying Tantangara Formation. Thus there is no 

evidence to suggest a metamorphic discontinuity 
tetwecn the Kiandra Group and Tantangara Forma
tion, and the metamorphism could conceivably post
date the lower Llandoverian Tantangara Formation. 
The Nine Mile Volcanics immediately below the uncon
formity with the Peppercorn Formation are in zone 4 
(lower greenschist facies), but sandstone in the Pepper
corn Formation just above the unconformity contains 
unaltered detrital biotite. As biotite is chloritised well 
below the greenschist facies, there appears to be a 
metamorphic discontinuity between the Nine Mile 
Volcanics and the Peppercorn Formation. If this is 
correct the metamorphism must antedate the Pepper
corn Formation and be older than late Llandoverian 

STRUCTURE 
TANTANGARA and BRINDABELLA comprise 

four structural blocks bounded mostly by faults 
(Fig. 2). Each of the blocks represents a different 
former level of the crust brought to the present-day 
erosion surface, and each has responded in its own 
way to post-Silurian deformation. The Goobarragandra 
and Canberra Blocks, which consist mostly of Silurian 
granitoids and volcanics have acted rigidly during post
Silurian deformation. The Tantangara Block is some
what more deformed, but it too has resisted internal 
deformation as it is crossed by compressional wrench 
faults similar to faults in the Canberra Block. The 
Nungar-Brindabella Block has been highly deformed 
by post-Silurian latitudinal compression between the 
adjacent more rigid blocks. 

Although the structural blocks were formed by post
Silurian tectonic events a number of older events can 
be recognised; in all six Palaeozoic tectonic events are 
known in the mapped area. These events are mostly 
inferred from unconformities within the well-preserved 
>tratigraphic record. Past workers (David, 19 50; 
Packham, 1960, 1969; Crook & others, 1973) have 
g!ven orogenic names to deformations in the Lachlan 
Fold Belt. The deformations that we recognise corres
pond to these 'orogenies'. so we have· used their names 
here (Table 2), though we regard them as fold episodes, 
not orogenies. Although some fold episodes may repre
sent only uplift and erosion in the mapped area, folding 
has been attributed to them elsewhere in the Lachlan 
Fold Belt. 

In addition to these Palaeozoic fold episodes, two 
periods of Tertiary block-faulting, the Kiandra and 
Kosciusko Epochs (Browne, 1969), can also be 
recognised. 

First Benambran fold episode 

There is no evidence of this episode in the Goobarra
gandra and Canberra Blocks; indeed no rocks of this 
age crop out in the Goobarragandra Block. In the 
Canberra Block there may have been some uplift of 
the Adaminaby beds at this time, but, more likely, this 
occurred during the second Benambran fold episode. 

In the Tantangara Block the episode is shown by 
the unconformable position of the Tantangara Forma
tion on the Temperance Formation and Boltons beds. 
The unconformity itself is not exposed, but at grid 
reference 446455 the basal sandstone of the Tantangara 
Formation dips 34 o northwest a few metres away from 
vertical Temperance Formation chert that strikes meri
dionally. This indicates an angular discordance of about 
50' between the two formations. Elsewhere the uncon
formity is inferred by a mapped irregular contact, 
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Fig. 2. Faults and structural blocks. 



TARLE 2. FOLD EPISODES 

Fold episode Age Evidence for age Eflecrs 
-·- ·--- -----

KANIMBLAN Pre-tertiary, post-Middle 
Dc\'(mian 

Folded Middle Devonian Hatchery Creek Intense folds with cleavage devc
Conglomemtc overlain by llat Miocene loped in Nungar-Brindabclla Block. 
ba-;a]t Wrench and thru>t faults cbewherc 

TABBERABBERAN Late Early Devonian Hatchery Creek Conglomerate discon
formablc on limestone. Conglomerate 
deposition presumed initiated by uplift 
ouhide mapped area 

No folds in mapped area. Minor 
uplift in Wee Jasper area 

---------------------··---------
BOWNING About Silurian-Dcvonian Ludlovian to Pridolian Blue Waterholc Intense meridional folds in Nungar

buundary Formation unconformably overlain by Brindabclla Block, and immediately 
Upper Silurian or Lower Devonian E of Long Plain Fault in Tantan-
Kellys Plain Volcanics and Lower gara Block. Elsewhere, folds k" 
Devonian Mountain Creek Volcanics intense. and possibly on latitudinal 

axes in E Tantangara Block 

QUlDONGAN Early Wenlockian Upper Wenlockian Paddys River Vol
canics 0 disconformable on upper Llando
verian to lower Wenlockian Tidbinbilla 
Quartzite 

Only felt in E part of mapped area: 
uplift of Canberra-Yass Shelf 

·------------~ 

BENAMBRAN 
2nd episode 

Middle Llandoverian Upper Llanduverian-'?lowcr Ludlovian Meridional deformation destroyed 
Peppercorn Formation unconfurmable on Tantangara Trough 
lower Llandoverian Tantangara Forma-
tion 

·-----·----

BENAMBRAN 
I st episode 

Post-Bolindian. pre-early 
Llandoverian 

Lower Llandoverian Tantangara Forma- Tantangara Trough formed. Prob
tion unconformable on upper Darri- able open folds adjacent to a 
wilian-'?upper Gisbornian Temperance block uplifted to W of mapped 
Formation. Tantangara Formation abo area 
unconfornuble on Nungar beds. which 
probably range up into Eastonian, and 
on the '?Darriwilian Boltons beds 

though in places the contact may be a fault folded by 
a later deformation. 

The nature of this fold episode is ditftcult to gauge 
because the Tantangara Formation has been intensely 
folded by later deformations. Uplift of the area to the 
west (the Wagga Marginal Basin of Scheibner, 1973, 
or Wagga Trough of Webby, 1976) must have accom
panied the fold episode, in order to provide a quartz
rich source for the Tantangara Formation. This uplift 
must have exposed and at least tilted the Temperance 
Formation and Boltons beds, which were partly eroded 
before the Tantangara Formation was deposited. 

Large ?thrust movements on the Kiandra Fault 
probably occurred about this time, as two contrasting 
mafic volcanic suites, the Gooandra and Nine Mile 
Volcanics, were faulted together along it before 
regional metamorphism in the Early Silurian. Since its 
formation the Kiandra Fault has been cut by many 
younger cross-faults. 

In the N ungar-Brindabella Block the Tantangara 
Formation unconformably overlies the Nungar beds: 
this is inferred by the mapped irregular contact. The 
best evidence for the unconformity is at grid reference 
487272, on the southwest edge of Nungar Plain, where 
a persistent vertical bed of black slate 200 m thick in 
the Nungar beds is cut out by the unconformity. The 
angular discordance between the two units is only 15 ° 
to 20o --considerably less than the 50° discordance in 
the Tantangara Block to the west; this is consistent with 
the fold episode being related to uplift west of the 
mapped area. 

Second Benambran fold episode 

None of the rocks cropping out in the Goobarra
gandra Block is old enough to preserve this episode. 

In the Tantangara Block the episode is inferred from 
the unconformity beneath the upper Llandoverian to 
''lower Ludlovian Peppercorn Formation. This forma-
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tion rests on the Tantangara Formation in the Nungar 
Creek Valley, but the area is intensely faulted and the 
ciegree of discordance between the two units is ditlicult 
to determine. Near grid reference 4 70385 the Pepper
cern Formation basal conglomerate dips 40° to the east, 
only a few degrees less than the underlying Tantangara 
Formation. In general, in the Nungar Creek valley the 
Peppercorn Formation has gentle dips to the east, 
whereas the Tantangara Formation has a greater range 
of dips-up to 75 o -to the east and west, implying 
that the Tantangara Formation was folded into closely 
spaced (but not isoclinal) meridionally trending syn
clines and anticlines before the Peppercorn Formation 
was deposited. 

Near Cooinbil (grid ref. 444556), Mufflers Creek 
(grid ref. 485465), and Peppercorn Creek (grid ref. 
490640) the Peppercorn Formation is unconformable 
on the Temperance Formation and Nine Mile Vol
canics. This implies that the Tantangara Formation was 
removed before the Peppercorn Formation was 
deposited. At Peppercorn Creek, where the basal con
glomerate of the Peppercorn Formation is well exposed, 
the unconformity surface dips steeply to the north, but 
the underlying Nine Mile Volcanics are in the form of 
a tight northeast-plunging syncline with tuffaceous and 
cherty siitstone in the core. The second, rather than the 
first, Benambran fold episode is most likely to have 
rroduced the syncline, and the northwest plunge was 
produced when the overlying Peppercorn Formation 
was tilted steeply north during the Bowning fold 
episode. 

Evidence for the second Benambran fold episode is 
poor in the Nungar-Brindabella Block, which has been 
intensely folded by a later deformation. The subaerial 
to shallow-marine upper Wenlockian Paddys River 
Volcanics unconformably overlie the deep-marine 
turbidites of the Nungar -beds north and south of Pig 



Hi II (grid ref. 725007). To the north the later deforma
tion is not as strong, and gently folded volcanics overlie 
more intensely folded and meridionally cleaved Nungar 
beds. Meridional cleavage in the Paddys River Vol
canics becomes stronger to the south. and so is prob
ably not associated with the second Benambran fold 
episode. The break below the Paddys River Volcanics 
embraces the Quidongan and both Benambran fold 
episodes; but as the Quidongan folding is only minor 
in the Canberra Block to the cast and did not occur 
to the west (sec below), and since the tlrst Benambran 
folding is probably more intense west of the mapped 
area, the break can mostly be attributed to the second 
Benambran fold episode. 

In the Canberra Block this fold episode is shown by 
the angular unconformity between the upper Eastonian 
to lower Bolindian Adaminaby beds and the upper 
Llandoverian to lower Wenlockian Tidbinbilla 
Quartzite. The unconformity surface is exposed on the 
southern side of Tidbinbilla Mountain. and is specta
cular when viewed from several kilometres to the south. 
Both units are tilted to the west, the angular discord
a nee between them being about 15". Thi;; discordance 
i' more likely a result of the second rather than the flrst 
Benambran fold episode. 

Quidongan fold episode 

No rocks of this age are present at the surface in the 
Goobarragandra Block, and Lightner ( 1977) has 
shown that no folding occurred at this time around 
Tumut. immediately west of the mapped area. Nor was 
there any effect in the Tantangara Block, as the Coole
man Plains Group extends from the late Llandoverian 
to the Pridolian without significant breaks. 

In the Nungar-Brindabella Block there may have 
been some uplift before the Paddys River Volcanics 
were deposited, but most of this uplift is better 
a<signed to the second Benambran fold episode. 

In the Canberra Block there is some evidence of a 
break between the Tidbinbilla Quartzite and Paddys 
River Volcanics, as the boundary is not gradational: 
the absence of tuffaceous beds from the upper part of 
the Tidbinbilla Quartzite implies that there is an 
erosional break between the two units. Farther east in 
the Canberra Block, outside the area mapped, minor 
folding o:::curred at this time (Crook & others, 1973). 

Bowning fold episode 
The Goobarragandra Volcanics in the Goobarra

gandra Block were probably folded during the Bowning 
fold episode. There is no direct evidence for this in the 
mapped area, but Moye & others ( 1963 ) . Ashley & 
others ( 1971), and Barkas ( 1976) have mapped a 
major unconformity at the end of the Silurian in the 
Tumut area. The few bedding planes evident in the 
Goobarragandra Volcanics indicate broad ?meridional 
folds with dips up to 60°. No axial-plane cleavage is 
present in the volcanics. 

In the Tantangara Block the Bowning fold episode 
i> shown by the unconformity beneath the Kellys Plain 
Volcanics and Rolling Grounds Latite, and the folding 
of the Cooleman Plains Group. The Kellys Plain Vol
canics unconformably overlie the Temperance Forma
tion, Nine Mile Volcanics. Tantangara Formation, and 
Cooleman Plains Group, indicating considerable erosion 
before they were extruded. The unconformity above the 
Tantangara Formation is exposed at grid reference 
466341, and that above the Cooleman Plains Group at 
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grid reference 476395. As the Kellys Plain Volcanics 
arc flat-lying north of Peppercorn Creek and in the 
Cooleman Mountains, and tilted gently to the cast 
farther south, the Cooleman Plains Group must have 
been folded during the Bowning fold episode. The folds 
are quite intense at Peppercorn Creek and Tinpot Creek, 
where a northeast-trending axial-plane cleavage is well 
developed. Farther south the folds are more open. and 
fold axes have a range of orientations from meridional 
to almost latitudinal but mainly northeast trends. 

Poles to bedding planes of the Tantangara Forma
tion in the Tantangara Block (Fig. 3) suggest two 
periods of open folding: one on roughly meridional 
axes during the second Benambran fold episode; the 
other on roughly northeasterly to latitudinally trending 
axes during the Bowning fold episode. Cleavage was 
only locally developed during both episodes. 

The Bowning fold episode has a marked effect in the 
Nungar-Brindabella Block. In T ANT ANGARA the 
effects of this deformation are well exposed in a road
cut in the N ungar beds at grid reference 522192 
(Fig. 4), and in isocl inally folded and meridionally 
cleaved Tantangara Formation and Nungar beds uncon
formably overlain by virtually undeformed Kellys Plain 
Volcanics near Currango (grid ref. 530449). In all 
plutons of the Gingera Batholith and in the Bugtown 
Tonalite, intense secondary foliation parallel to the 
cleavage in the adjacent sediments indicates that the 
deformation postdates these Upper Silurian granitoids, 
ond must therefore be attributed to the Bowning fold 
episode-not an earlier one. The Paddys River Vol
canics are also intensely meridionally cleaved, but this 
cleavage is less pronounced in the north. where the 
deformation was presumably less intense. 

The effect of the Bowning fold episode in the 
Canberra Block was not as marked as in the adjacent 
Nungar-Brindabella Block. Uplift and tilting took place 
in the area now occupied by the Tidbinbilla Range, 
and, immediately east of the Cotter Fault and north 
of Corin Dam, open north-northwest-trending folds 
developed. Elsewhere adjacent to the fault, changes in 
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Fig. 3. Poles to bedding planes of the Tantangara Formation 
in the Tantangara Block. The large scatter of points can be 
explained by two periods of open folding at a high angle to 

one another. 



Fig. 4 Folds in the Nungar beds attributed to the Bowning fold episode; grid reference 
522192. (GB/1803) 

dip and even overturning (grid ref. 710850) are due 
to complex minor faulting. Secondary foliation in the 
bulk of the Murrumbidgee Batholith is much less pro
nounced than in the Gingera Batholith, in accord with 
the weaker effect of the Bowning fold episode in the 
Canberra Block. 

North of the Winslade Fault the Bowning fold 
episode is shown by the unconformity between Silurian 
felsic volcanics and the intrusive Ginninderra Porphyry, 
and the overlying Mountain Creek Volcanics. The 
unconformity is weak and could easily have been 
achieved with a few hundred metres of uplift and 
erosion, but it is more likely that gentle meridional 
folding took place. 

Tabberabberan fold episode 
The evidence for the Tabberabberan fold episode is 

weak in the mapped area, but a disconformity beneath 
the Hatchery Creek Conglomerate is here tentatively 
assigned to it. The deposition of the conglomerate is 
presumed to have been initiated by uplift outside the 
mapped area. The Middle Devonian age for the 
Hatchery Creek Conglomerate indicates a late Early 
Devonian age for the episode; this is a little older than 
Tabberabberan events in Victoria. There is still dis
agreement on the effects of Tabberabberan folding in 
New South Wales (Powell, Edgecombe, Henry, & 
Jones, 1976), and it may eventually be shown that the 
folding of the Hatchery Creek Conglomerate, here 
assigned to the Kanimblan fold episode (see below) 
is actually Tabberabberan. 

Kanimblan fold episode 
For want of evidence ·to the contrary, the intense 

deformation of the Mountain Creek Volcanics, Kirawin 
Formation, Sugarloaf Creek Formation, Murrumbidgee 
Group, and Hatchery Creek Conglomerate has been 
attributed to the middle Carboniferous Kanimblan fold 
episode, although it may be as old as early Late 
Devonian. Near Wee Jasper the folding bas been con
trolled by thrusting of the rigid Goobarragandra Block 
over the Hatchery Creek Conglomerate along the Long 
Plain Fault (D. Wyborn, 1977). In places the con-
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glomerate is overturned against the fault, and cleaved. 
Farther east in the Taemas area, the Murrumbidgee 
Group is highly contorted · with a roughly meridional 
trend and variable plunge. To the south a well-developed 
cleavage is present in the Mountain Creek Volcanics ad
jacent to the Long Plain Fault, but this becomes pro
gressively weaker eastward. Still farther south, the Kellys 
Plain Volcanics are gently tilted, and wrench faulting 
along the Mount Black and Boggy Plain Faults was 
probably contemporaneous with the folding farther 
north. Wrench faulting, rather than folding, would have 
been the more rigid southern block's response to the 
stress; it was probably associated with thrust faulting 
along the Long Plain Fault and has been correlated with 
wrench faulting in BERRIDALE (D. Wyborn, 1977) . 

Tertiary uplift 
Two Tertiary uplifts in the Southern Uplands 

followed the development of a widespread ?Cretaceous 
peneplain. These have been referred to as the Kiandra 
and Kosciusko Epochs by Browne (1969) , but are here 
called the Kiandra and Kosciusko Uplifts. At least 
350 m of pre-basalt relief in the upper Tumut valley 
(Hall & Lloyd, 1954), and an upland microflora 
preserved beneath the basalts at Kiandra (Owen, 1975), 
indicate that the Kiandra Uplift antedates the extrusion 
of lower Miocene basalts. 

There is abundant evidence of post-Miocene move
ment (Kosciusko Uplift) along many of the older 
faults, such as the Cotter, Tantangara, and Murrum
bidgee Faults, persisting to the present day (Cleary, 
Doyle, & Moye, 1964). Near Yaouk the western side 
of the Cotter Fault ·has been uplifted by 80 m relative 
to the eastern side since the deposition of ?Upper 
Tertiary gravels, and at grid reference 613282 landslips 
have occurred along the fault scarp. Uplift by thrusting 
on the east side of the Tantangara Fault near Currango 
was probably of the. order of 220 m, but some of this 
uplift may be older tha'n the Miocene. 

Conclusions 
The effects of .Jive locally intense fold episodes are 

apparent in the mapped area. Only the Bowning and 



Kanimblan fold episodes produced a well-developed 
axial-plane cleavage of considerable extent, although in 
some areas these episodes had almost no effect. 

The first Benambran fold episode was probably more 
intense west of the mapped area, and the second 
Benambran fold episode destroyed the trough into 
which the Tantangara Formation was deposited. The 
Quidongan fold episode uplifted a trough which was 
best developed cast of the mapped area. These first 
three deformations took place progressively eastwards, 

whereas the Bowning and Kanimblan fold episodes 
affected mainly the less rigid belts lying between more 
rigid areas that had previously been intruded by batho
liths and had achieved partial stabilisation. Major 
faults-such as the Long Plain, Tantangara, Cotter, and 
Murrumbidgee Faults-acted as strain discontinuities 
for these two post-granitoid deformations. The other 
post-granitoid deformation-the Tabberabberan fold 
episode-is tentatively correlated with a disconformity 
between Lower and Middle Devonian sediments. 

GEOMORPHOLOGY 

T ANT ANGARA and BRINDABELLA comprise 
five geomorphic units (Fig. 5). bpik ( 1958) named 
and described the Canberra Plain immediately cast of 
the Sheet areas, and gave its age of formation as 
Devonian. Jennings ( 1972) and Oilier & Brown ( 1975) 
disputed this age, and reasoned that planation during 
the Tertiary was more likely. The Canberra Plain 
extends into BRINDABELLA, occupying most of its 
cast and northeast parts. The Kiandra and Adaminaby 
Tablelands (Siissmilch, 1909) developed as a result of 
widespread erosion before the Kiandra and Kosciusko 
Uplifts (Browne, 1969) in the Tertiary. The Bimberi
Brindabella and Mount Kelly Uplands were resistant 
ranges that escaped this planation. 

Differential movement along pre-cx1stmg faults 
during the Tertiary to Quaternary uplifts, the conse
quent rejuvenation of streams, and differential erosion 
of rock types. have contributed to moulding the present 
relief. 

Kiandra Tableland 
The Kiandra Tableland occupies over one-third of 

BRINDABELLA and one-half of T ANT ANGARA. It 
extends from the Goodradigbec River westwards to the 
Honeysuckle Range in TUMUT, northwards to merge 
with the Yass Plain, and southwards to merge with the 
Kosciusko Plateau. It is tilted from a general level of 
1500 m in the south to 800 m in the north. The uplift
ing and tilting have been controlled by movements 
along the Cotter, Long Plain, Goodradigbee, and 
Koorabri Faults to the east, and along the Mooney 
Mooney Thrust System (Basden, 1974) to the west. 

Basalt flows on the Kiandra Tableland have been 
dated by the K/ Ar method as early Miocene (Wellman 
& McDougall. 1974). They overlie: lacustrine deposits 
at Kiandra ( 1500 m above MSL); a plana ted area 
<•djacent to Macphersons Swamp Creek, south of Bur
rinjuck (800 m above MSL), where they are at the 
~arne height either side of the Long Plain Fault; and 
older rocks at intermediate elevations between these 
two places. Thus the tableland was planated, and 
possibly partly uplifted and tilted, before the early 
Miocene. Tilting of the tableland along the Long Plain 
and Koorabri Faults since the early Miocene may have 
been along a hinge a few kilometres north of Wee 
Jasper. 

A number of monadnocks stand above the table
land. The highest are Big Dubbo Hill and Tantangara 
Mountain, which rise about 250 m above the planated 
surface. They indicate tl:!at the relief before Tertiary 
volcanism was of the order of 200 to 250 m. 

Since it was uplifted, the Kiandra Tableland has 
been deeply dissected by many youthful streams such 
as the Goobarragandra River, Peppercorn Creek. and 
Micalong Creek. Some of these streams flow 400 m 
below the old plateau surface. 

A daminaby Tableland 
The Adaminaby Tableland is a weakly dissected 

plateau separated from the Kiandra Tableland by the 
Cotter Fault except in the Goorudee Rivulet valley, 
where an old erosion level of about 1180 m is preserved 
west of the Cotter Fault at McLaughlins Flat. East of 
the Cotter Fault the old erosion level is at 1100 111, the 
level at which extensive Tertiary gravels were deposited 
near Yaouk. This indicates 80 m of uplift on the 
western side of the Cotter Fault sin:-c the tableland 
was planated. 
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Bimberi-Brindabella Upland 
This is a mountainous region of resistant Ordovician 

sediments, Silurian granitoids, and Devonian rhyolitic 
volcanics. In the south it consists of a central north
south ridge with short spurs dropping steeply either 
side to the fault-controlled Cotter and Goodradigbee 
valleys. Farther north, where the belt of rhyolitic vol
canics becomes much broader, the upland is a dissected 
area with a number of subparallel ranges such as the 
Blue, Webbs, Brindabella, and Baldy Ranges and Wom
bat Ridge. These ranges roughly follow the more 
i esistant massive rhyolite units. while the valleys 
between them (such as Mountain Creek, Flea Creek, 
[;nd Gunners Gorge) follow the less resistant tuff and 
tuffaceous sediment interbedded with the rhyolite. The 
crest of the upland slopes frqm around 1700 m in the 
south to I 000 m in the north, and so is several hundred 
metres higher than the Kiandra Tableland at a similar 
latitude. 

Mount Kelly Upland 
Much of the Mount Kelly Upland is bounded by 

faults: the Murrumbidgee Fault to the east, the Cotter 
Fault to the west, and the Winslade Fault to the north
west. It includes the Tidbinbilla, Bullen, Scabby, and 
Yaouk Bill Ranges, and the Paddys River, Orroral 
River, Rendezvous Creek, and Naas Creek valleys. In 
the north, sedimentary screens and roof pendants in 
granitoids form resistant hills such as Sugarloaf, 
Murrays Hill, and Black Hill. Southward the upland 
is formed by more resistant granitic rock rising above 
the Adaminaby Tableland. Many streams in the upland 
tlow parallel to northwesterly and northeasterly trend
ing faults and lineaments in granitoids. 

The mature plain through which Paddys River flows 
i> almost certainly an outlier of the Canberra Plain, 
but is now 70 m higher. Recent movements along the 
Murrumbidgee and/ or Bullen Range Faults must have 
uplifted the Paddys River plain, and rejuvenated the 
river downstream near the fault lines. 

Canberra Plain 
The Canberra Plain occupies an area east of the 

Murrumbidgee and Pig Hill Faults and north of the 
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Mountain Creek Volcanics in the Bimberi-Brindabella 
Upland. It extends well east of the mapped area. where 
its boundaries arc difflcult to define, and to the north 
it merges with the Yass Plain. It is at an elevation of 
550 to 600 m, but has been incised by the Murrum
bidgee, Goodradigbec, and Molonglo Rivers; the deepest 
incision-! 50 m-is on the Murrumbidgee River above 
Burrinjuck Dam. Tributary creeks of the Murrumbidgee 
commonly drop steeply ofT the plain to the river-for 
example, Ginnindcrra Creek drops over two waterfalls, 
one 30 m high and the other 15 m high, to reach the 
incised Murrumbidgee River. 

Monadnocks arc common on the Canberra Plain; in 
the mapped area they include Surveyors Hill, Mount 
McDonald (grid ref. 764909), and Wilson HilL which 
arc up to 150 m higher than the plain. The northern 
ends of the Bimbcri-Brindabclla Upland, the Mount 
Kelly Upland, and the northeastern part of the Kiandra 
Tableland are resistant residual masses that have not 
been eroded to the level of the Canberra Plain. The 
Mount Kelly Upland has been uplifted by about 70 m 
since the Canberra Plain formed. 

Most of the plain is underlain hy Silurian dacitic 
volcanics and interbedded sediments. In the northwest 
the rocks are predominantly Devonian shale, limstone. 
and tuffaceous sandstone. Most of these rocks erode 
relatively easily, though there arc some more resistant 
massive volcanic units and tufTaceous sandstone. The 
location of monadnocks is related to these more 
resistant units. 

The Canberra Plain contains no Tertiary basalts, so 
its age is difficult to estimate. It was probably planated 
by continuous erosion since the area became land in 
the Devonian. and may have been at the same level as 
the Kiandra Tableland; planation was essentially com
plete hy the Early Tertiary. The post-Mioc:cne incision 
of the Canberra Plain was most likely hindered by low 
rates of erosion where the Murrumbidgee River flows 
through the resistant Burrinjuck Adamellite ncar Bur
rinjuck Dam: downstream from the dam there is a 
prominent knick point in the river where the stream 
gradient increases from about I 0 m per I 0 km to 
n5 m per 10 km. 

GEOCHEMISTRY AND PETROGENESIS 
SYNOPSIS 

In the course of mapping we collected over 280 
igneous rock samples for major and trace-clement geo
chemical analyses. The samples were analysed at 
the Australian Mineral Development Laboratories 
(A MDEL) : by X -ray fluorescence spectroscopy (using 
a Philips PW 1220 spectrometer) for SiO ... AI.,O.,, 
total Fe, CaO, K~O, P:.>O:,, Ba, Rb, Sr, Pb, Th, U~ i~, 
Nb, Y, La, and Ce; by atomic absorption spectroscopy 
after total solution in hydrofluoric acid for MgO, Na.,O. 
V, Cr, Co, Ni. Cu, and Zn: and by wet chemistry -for 
FeO, H:.>O , R.O-. and CO:.>. The precision and 
accuracy of analyses arc given in Appendix I. The geo
chemical analyses are tabulated in Appendix 2. 

We have divided the igneous rocks into tlve groups 
en the basis of age and mineralogy, and have docu
mented the geochemistry of each in turn. The groups 
t:tre: 
I. Ordovician basic volcanics and related intrusions: 

the Gooandra and Nine Mile Volcanics. 
2. Siluro-Devonian S-type granitoids and volcanics: 

the Murrumbidgee, Gingera, Kosciusko, and Young 
Batholiths; and the Goobarragandra. Kellys Plain, 
Paddys River, and Walker Volcanics. 

3. Silurian I-type granitoids and volcanics: the Bug
town Tonalite. tonalite at Ashvalc. Condor Grano
diorite, and I-type granitoids in the Young Batho
lith; the Laidlaw and Uriarra Volcanics; and the 
Ginninderra Porphyry, a high-level stock intruding 
the Laidlaw Volcanics. 

4. Lower Devonian I -type granitoids and volcanics: the 
Boggy Plain Adamellite, Coolamine Igneous 
Complex, Jackson Granite. Gurrangorambla Grano
phyrc, Burrinjuck Adamellite, and a number of 
unnamed minor intrusions petrographically similar 
to the Boggy Plain Adamellite; and the Mountain 
Creek Volcanics and Rolling Grounds Latite. 

5. Silurian basic intrusions of the Micalong Swamp 
Basic Igneous Complex. 

The classitlcation of granitoids as S-type and I-type 
follows the criteria of Chappell & White ( 1974). We 
have also used this classitlcation for the felsic volcanics 
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of the mapped area, mainly on the basis of mafic pheno
crysts such as cordierite, garnet, clinopyroxene, ortho
pyroxene, and hornblende. 

Ordovician basic volcanics and related intrusions 

Two groups of basic volcanics crop out in TAN
T ANGARA; they form the southernmost exposures of 
the Molong Volcanic Arc-a partly buried belt of 
Ordovocian matlc volcanics, at least 500 km long, in 
central and southern New South Wales. The Gooandra 
Volcanics are similar to modern island-arc tholeiites 
(Jakes & Gill, 1970); they show a weak tholeiitic 
fractionation pattern, contain less than 1.25% TiO.,. 
and arc more potash rich than ocean-floor basalts. The 
Nine Mile Volcanics are basalts enriched in incom
patible elements such as K, Rb, Sr, and P, but unlike 
alkali basalts they are low in Ti and Zr; we have called 
these rocks shoshonitcs. The limited available chemical 
data suggest that most of the volcanics in the Molong 
Volcanic Arc to the north arc also shoshonitic. We 
conclude that the abundance of shoshonitic volcanism 
in the Molong Volcanic Arc indicates that the mantle 
beneath the arc had been moditled by the introduction 
of incompatible element-;. This moditlcation may have 
occurred up to 200 m.y. before volcanism, but it may 
instead be related to coeval subduction and volcanism. 

Si!urn-DeFonian S-type granitoids and volcanics 

Chemical results support the mineralogical evidence 
that the Kcllys Plain, Goobarragandra, Walker, and 
Paddys River Volcanics are derived from the same 
source material as the S-typc granitoids of the Kos
ciusko, Gingcra, Murrumbidgee, and Youn<~ Batholiths. 
This indicates that a large amount of relatively uniform 
sedimentary material partially melted to form these 
batholiths and volcanics. L. A. r. Wyborn ( 1977) has 
shown that the calcium and sodium contents of this 
source material is too high to be Ordovician turbidites, 
and she postulates an Upper Proterozoic to Lower 
Cambrian feldspar-rich sedimentary layer as the source. 

We discount the association of partial melting. 
plutonism, and volcanism with Lachlan Fold Belt 
'orogenies'. Rather, we postulate that a prolonged 



period of high heat flow culminating in the Early 
Silurian and crustal extension in the Late Silurian were 
responsible for the partial melting and magma migra
tion. The Basin and Range Province in the western 
USA (Atwater, 1970; Proffett, 1977) is probably the 
closest Cainozoic analogue. 

Silurian /-type granitoid.1· and volcanics 

We recognise two intrusive Silurian 1-type granitoid 
suites-the Jindabyne Suite ( Hine, Williams, Chappell, 
& White. 1978) and Coodravale Suite-and one vol
canic suite-the Laidlaw Suite-in T ANT ANGARA 
and BRINDABELLA. The Coodravale Suite has high 
SiO.,, Na.,O, and Zr. The Jindahyne Suite has high 
Na.:o and-CaO and low SiO., and Zr. The Laidlaw Suite 
volcanics plot on similar trends to the Jindabyne Suite 
for most elements, but have higher SiO.,, Ba. and Zr. 
These J-type suites, each of which -has a more 
restricted geographical distribution than the S-type 
rocks, imply that the I-type rocks had a more hetero
geneous source region. We presume that the Silurian 
J-type melts originated during the same period of crustal 
anatexis as the S-type melts. as the 1-types' slightly 
younger age reflects their larger distance of ascent. 

Lower Devonian /-type granitoids and volcanics 

In TANTANGARA these rocks-known as the 
Boggy Plain Suite-are restricted to the area between 
the Long Plain and Tantangara Faults, and extend 
Porthwards in a meridional belt through BRINDA
BELLA. The Boggy Plain Suite has higher MgO, K:.!O, 
P:!O;;. Ba, Rb, Sr, and Zr, and lower CaO, than the 
Jindabyne Suite. Although much of the chemical varia
tion in the suite can be explained in terms of the unmix
ing of a high-temperature water-undersaturated melt 
from a restite (White & Chappell, 1977) composed of 
clinopyroxene, orthopyroxene, calcic plagioclase, and 
minor olivine, in some plutons concentric zoning and 
aplitic segregation have been caused by fractional 
crystallisation as well. We suggest that the likely 
source of the Boggy Plain Suite lies in high-potassium 
gabbroic bodies intruded into the lower crust during 
the Ordovician volcanism of the Molong Volcanic Arc. 

Upper Silurian basic intrusives 

These rocks are concentrated in the western part of 
BRINDABELLA and to a lesser extent T ANT AN
GARA. They are classic examples of low-potassium 
tholeiitic liquids that have undergone fractional 
crystallisation at low pressure. The presence of amphi
bole rather than iron-rich pyroxene in the middle to 
late stages of fractionation indicates that the magma 
was more hydrated than the Skaergaard. Bushveld, or 
Stillwater plutons (Wager & Brown, 1967). The avail
ability of this tholeiitic magma in the Late Silurian 
is evidence of a period of crustal extension at the same 
time as the upwelling of crustal melts to form the 
Silurian felsic volcanics and batholiths. Indeed, intru
sion of the tholeiites into the crust may have been a 
major source of the high heat flow in the crust during 
the Silurian. 

ORDOVICIAN BASIC VOLCANICS AND RELATED INTRUSIONS 

Analyses of the Gooandra and Nine Mile Volcanics 
are presented in Tables A I and A2 (Appendix 2). In 
Table A2 (Nine Mile Volcanics) a number of intrusive 
equivalents arc also included. 

20 

Analyses of the Nine Mile Volcanics, which are 
clustered near the centre of an AFM diagram (Fig. 6). 
~.how no apparent iron enrichment. The Gooandra 
Volcanics have only a weak iron-enrichment trend, but 
a spread to more alkali enrichment is due to the 
presence of rhyolites. 

Plots of selected major oxides and trace elements 
versus solidification index (Sl ) for the Nine Mile and 
Gooandra Volcanics are illustrated in Figure 7: they 
include data from L. A. I. Wyborn ( 1977). 

The Nine Mile Volcanics have a somewhat lower 
SiO., content than the Gooandra Volcanics, and show 
littl~ silica enrichment with differentiation; the only 
samples to show silica enrichment are two quartz 
monzodiorites ( 71840297 and 72840264) believed to 
be intrusive equivalents of the Nine Mile Volcanics. 

Many samples from the Nine Mile Volcanics and its 
intrusive equivalents have low concentrations of TiO::. 
According to Manson ( 1967), basalts with TiO:! 
contents of around 0.5% are uncommon, especially 
those with high alkali contents. The Gooandra Vol
canics have a higher TiO., content, which (except in 
the rhyolite samples) increases with differentiation. If 
this is a primary trend, it indicates iron enrichment. 
typical of tholeiites. Perhaps the lack of a good iron 
enrichment trend for the Gooandra Volcanics is due 
to the migration of iron in the basalts to form epidote 
veins. 

Total Iron 
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Fig. 6. AFM diagram of the Nine Mile and Gooandra 
Volcanics (from data in this Bulletin; and L. A. I. Wyborn, 

1977). 

The difference in trend for AI::0:3 versus SI between 
the Gooandra and Nine Mile Volcanics is striking. The 
Nine Mile Volcanics show a good trend of increasing 
AI.,O., with dift'erentiation. Such a trend would be pro
duced' by the removal of early-crystallising ferro
magnesian phases poor in AI::0:1. This is consistent with 
the abundance of clinopyroxene and pseudomorphed 
olivine phenocrysts in the basalts high in MgO, and 
with plagioclase phencrysts becoming abundant only 
in basalts lower in MgO. The Gooandra Volcanics 
have the opposite trend (though the points are more 
~cattered) of decreasing AI.,O.. with differentiation, 
consistent with the important- roie that plagioclase has 
played in fractionation. Relict ophitic textures in the 

SI 
100 MgO 
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..:omagmatic dolerites intruding the Gooandra Volcanics 
indic~~te that plagioclase is cl~se to a liquidus phase. 

The Nine Mile Volcanics have a variable but high 
concentration of K.,O. Much of the variation can be 
attributed to the degree of metamorphism: most samples 
from T ANT ANGARA are metamorphosed in the lower 
greenschist facies, or lower, and have high K:.: 0 
contents (up to almost 5% ) , yet the more highly 
metamorphosed rocks from the Tumut River (Y AR
RANGOBILLY) and farther south (L. A. I. Wyborn. 
1977) arc poorer in K:.:O, probably because potassium 
was mobilised when potash feldspar became unstable 
in the upper greenschist grade. The presence of potash 
feldspar in primary igneous textures in the intrusive 
equivalents of the Nine Mile Volcanics, and the 
presence of plagioclase rimmed by potash feldspar in 
the lavas. similar to that reported for high-potassium 
basalts in Papua New Guinea (Mackenzie & Chappell, 
1972; Jaques, 1976), leads us to conclude that the 
high potassium content of these basalts is a primary 
feature. Thus, these basalts would be termed shosho
nitcs and absarokites in the chemical classification of 
Mackenzie & Chappell ( 1972), or trachybasalts accord
ing to the nomenclature of Johnson. Mackenzie, & Smith 
( 1978a), but arc not alkali basalts because of their low 
TiO., content ( Kesson & Smith. 1972). In contrast to 
the Nine Mile Volcanics the Gooandra Volcanics are 
low in potassium (except for the rhyolites), having a 
concentration of less than I %-typical of tholeiitic 
basalts. As potassium is generally lost in low-grade 
metamorphism ( Beloussov, 1971; Cann. 1969; Pearce, 
1975), the Gooandra Volcanics may originally have 
had a somewhat higher K:.:O content. 

The Gooandra Volcanics and Nine Mile Volcanics 
are quite separate on a P:.: 0~. versus SI diagram: the 
Gooandra Volcanics have a P:.:Or; content of less than 
0.2%, whereas the Nine Mile Volcanics contain more 
than 0.2%, and generally more than 0.3%; the con
centration shows no apparent change with differentia
tion in both volcanics. The P:.:O~. content of the Nine 
Mile Volcanics is higher than that in a typical high
alumina calcalkali basalt of Jakes & White ( 1971), but 
is similar to that in shoshonitic rocks from Fiji (Gill, 
1970) and Papua New Guinea (Jaques, 1976). Other 
shoshonitic rocks from the highlands of Papua New 
Guinea (Mackenzie, 1976) have slightly higher P:.:O~. 
The P:.:O.-, content of the Gooandra Volcanics is similar 
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to the majority of tholeiites studied by Floyd & 
Winchester ( 1975). As P :.:0;, is generally considered 
to be relatively immobile during alteration and low
grade metamorphism (Floyd & Winchester, 1975; Smith 
& Smith, 1976), the difference between the P:;O.-, 
content of the Nine Mile and Gooandra Volcanics is 
thought to be primary. 

Like P:;O~, the strontium content also separates the 
Gooandra and Nine Mile Volcanics. The high strontium 
content of the Nine Mile Volcanics is typical of 
>hoshonitic rocks, whereas the low strontium content 
of the Gooandra Volcanics is typical of tholeiites low 
in compatible elements. 

Zirconium is variable, but generally low in both the 
Nine Mile and Gooandra Volcanics (less than 
I 00 ppm). Such values are rare in alkali basalts (Gill, 
1970; Pearce & Cann, 1973; Floyd & Winchester. 
1975), and thus, like titanium (Kesson & Smith, 1972), 
zirconium is a good discriminant between alkali basalts, 
and shoshonites such as the Nine Mile Volcanics. 

Electron-probe analyses of primary igneous clino
pyroxenes in terms of Ca, Mg, and Fe + Mn atoms 
are plotted in Figure 8. Data from the Nine Mile Vol
canics, Gooandra Volcanics, and Jagungal volcanics 
are all from L. A. I. Wyborn ( 1977), and the Sofa Ia 
Volcanics are from Barron ( 1976). The Jagungal 
volcanics are high-titanium tholeiites (L. A. I. Wyborn, 
1977) believed to be older than the Gooandra and 
Nine Mile Volcanics; they crop out about 18 km 
southwest of the mapped area. The Sofala Volcanics 
analyses are the only other available data on pyroxenes 
from Ordovician volcanics in the Lachlan Fold Belt. 

The Nine Mile Volcanics pyroxenes (Fig. 8a) have 
a high Ca content, typical of alkaline igneous rocks 
such as the Black Jack Sill (Wilkinson, 1957), Mount 
Dromedary Complex (Boesen, 1964), and Shonk in Sag 
Laccolith (Nash & Wilkinson, 1970). The most frac
tionated pyroxenes in the Nine Mile Volcanics are also 
enriched in acmite; they contain up to 17% acmite 
component (end members calculated by the method of 
Finger, 1972, and Ryburn, Raheim, & Green, 1976). 
This is also a feature of pyroxenes in the Shonkin Sag 
Laccolith, and in shoshonites from Papua New Guinea 
(Smith, 1976). Thus in terms of the end members Ca, 
Mg, and Fe + Mn, pyroxenes from alkaline and shosho
nitic rocks are indistinguishable, though pyroxenes from 
the Nine Mile Volcanics are much lower in titanium 
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(less than 0.5%) than those in alkaline rocks (cf. 
Wilkinson, 1956). Pyroxenes in two samples from the 
Nine Mile Volcanics (sample 71840501 from grid 
ref. 491624, and a basalt dyke from grid ref. 369304 
collected by L. A. I. Wyborn, 1977) show depletion 
of calcium with differentiation; the reason for this is 
not known, but the rocks that contain these pyroxenes 
are lower in potassium than those containing the more 
calcium-enriched pyroxenes, and therefore resemble 
calcalkalinc basalts rather than shoshonites. Analyses 
from the two low-potash rocks are shown separately in 
Figure 8a. 

The trend for the Sofa Ia Volcanics (Barron, 1976; 
Fig. 8b) is almost identical to that for the N inc Mile 
Volcanics, except that no acmitic pyroxenes have been 
recorded. Barron concluded that-apart from their low 
titanium content-the Sofala Volcanics pyroxenes are 
similar to pyroxenes from alkali basalts. We consider 
that both the Sofala Volcanics and the Nine Mile 
Volcanics are shoshonitic. Petrographically the Sofala 
Volcanics are strikingly similar to the Nine Mile Vol
canics, and analyses of relatively unaltered Sofala 
Volcanics (Barron, 1976, table I) are quite similar to 
Nine Mile Volcanics analyses, except that albitisation 
of plagioclase has increased sodium and decreased 
calcium in the Sofala Volcanics. Potassium in the Sofala 
Volcanics is lower than in the least altered samples of 
Nine Mile Volcanics but similar to that in the more 
highly altered samples. 

Analyses of relict pyroxenes in dolerite intrusives 
within the Gooandra Volcanics arc plotted in Figure 8c: 
also plotted are analyses from a dolerite that intrudes 
the Boltons beds and is believed to be equivalent to 
the Gooandra Volcanics. The pyroxenes are lower in 
calcium than those in the Nine Mile and Sofala Vol
canics. Although only a limited spread of Mg to Fe is 
present in the analyses, the low calcium contents result
ing from iron substituting for calcium as well as mag
nesium is typical of tholeiitic pyroxenes such as those 
in the Skaergaard (Brown, 1957) and Bushveld 
(Atkins, I 969) intrusions. 

Analyses of relict low-iron pyroxenes in the Jagungal 
volcanics (Fig. 8d) overlap with analyses of pyroxenes 
in both the Nine Mile and Gooandra Volcanics. How
ever, a marked substitution of iron for calcium in 
pyroxenes in the more differentiated rocks of the 
Jagungal volcanics illustrates a much better trend to 
tholeiitic iron enrichment thnn the Gooandra Vol
canics. Distinction between the Gooandra Volcanics 
and Jagungal volcanics is sirnple't on the TiO,, content~ 
of the rocks: the Gooandra Volcani;'s have TiO., less 
than 1.25%, but the Jagungal volca'1ics mostly -have 
greater than 1.75% TiO~ (L.A. I. Wyborn. 1977). 

Discussion 
Gooandra Volcanics. The Gooandra and Nine Mile 

Volcanics are petrographically and geo~hemically 

distinct magmatic suites. Despite common alteration 
to an albite-epidote-actinolite metamorphic assemblage 
the available evidence indicates that the Gooandra 
Volcanics are weakly tholeiitic, and that their frac
tionation has been partly controlled by early-formed 
plagioclase. Fractionation probably continued until 
minor rhyolites formed. According to Pearce & Cann 
( 1973) tholeiitic suites with less than 1.251Jc TiO., can 
be formed in two types of environments: ocean ridges 
(ocean-floor basalts), and volcanic arcs at convergent 
plate boundaries (island-arc tholeiites, Jakes & Gill. 
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1970). Several lines of evidence suggest that the 
Gooandra Volcanics more closely resemble island-arc 
tholeiites than ocean-floor basalts: 

I. Island-arc tholeiite suites commonly contain more 
silicic dilfcrentiatcs such as andesite and rhyolite (Gill, 
1970: Jakes & White, 1971: Miyashiro, 1974: Blake & 
Ewart, 1974), as do the Gooandra Volcanics. 

2. Plagioclase phenocrysts arc characteristic of 
island-arc tholeiites (Jakes & GilL 1970: Ewart. Bryan. 
& Gill, 1973: Blake & Ewart. 1974), but phenocry'L 
of plagioclase and clinopyroxene are subordinate to 
those of olivine in ocean-floor basalts (Frey, Bryan, & 
Thompson, 1974: Bougault & Hekinian, 1974; Bryan. 
Thompson, Frey, & Dickey, 1976). Mafic phenocrysts 
arc rare in the Gooandra Volcanics. 

3. K.,O is extremely low in occan-Hoor basalts
Bryan &. others ( 1976) gives the average as 0.15% for 
155 analyses-but is higher in island-arc tholeiites. 
Gooandra Volcanic basalts contain 0.3% or more K .. O. 
which is probably a low estimate because low-grade 
metamorphism generally decreases K.,O (Cann. 1969: 
Beloussov, 1971: Pearce, 1975). -

We therefore tentatively assign the Gooandra Vol
canics to the island-arc tholeiite suite as a result of the 
comparison of their petrographic and geochemical 
character with known modern volcanics, but stress that 
submarine alteration and low-grade metamorphism may 
well have changed the chemistry of the Gooandra Vol
canics to such a degree that this is an erroneous inter
pretation. There also remains the possibility that 
modern analogues to island-arc tholeiites may yet be 
found in other tectonic environments. 

Nine Mile Volcanics. The Nine Mile Volcanics are 
a suite of basalts characterised by abundant pheno
crysts of calcium-rich clinopyroxene, altered olivine, 
and plagioclase, and by enrichment in incompatible 
elements such as K, Rb, Sr. and P. The least altered 
basalts from Peppercorn Creek contain up to 5% K~O, 
but the more altered rocks from Tumut River (L. A. I. 
Wyborn, 1977) contain lower and more variable K.,O. 
These more altered rocks still retain their high Sr and 
P, and a trend of Al.,O .. increasing with differentiation 
is well defined irrespective of alteration. This trend is 
present in other high-potassium suites such as the 
~honkin Sag Laccolith (Nash & Wilkinson, 1970), and 
we suspect that the high potassium content of the 
magma suppresses the formation of plagioclase until the 
solidus is almost reached, thus increasing AI~0: 1 in the 
liyuid. The low titanium and zirconium contents of the 
Nine Mile Volcanics distinguish them from the alkali 
i1asalt suite, but they are similar to shoshonites derived 
at consuming plate margins (GilL 1970: Mackenzie & 
Chappell, 1972: Jaques, 1976: Mackenzie. 1976). 
Despite the plea of Nicholls & Carmichael ( 1969), we 
feel that we must use the term shoshonite (Joplin. 
1965) to describe the Nine Mile Volcanics. because we 
know of no other appropriate term to describe high
pota,sium basalts with low titanium and zirconium. We 
therefore use the term in a strict chemical sense. 
Perhaps the term trachybasalt (Johnson & others. 
l978a) is an appropriate petrographic term. 

The pyroxene chemistry and major-element geo
chemistry of the Sofa Ia Volcanics (Barron, 1976) and 
the Nine Mile Volcanics are similar. so we consider that 
the Sofala Volcanics arc ~hoshonites too. Chemical data 
on the rest of the Molong Volcanic Arc are sparse. 
Smith & Smith ( 1976) described in detail the geo
chemistry of the Walla Andesite (a unit in the Molong 
Volcanic Arc) at Clicfden ( 65 km west-southwest of 



Bathurst), first studied by Smith ( 1968). Their analyses 
show that, like the Nine Mile Volcanics, the Walli 
Andesite is low in titanium and zirconium, but high in 
strontium and phosphorus. K.,O is variable, but is 
highest in the least altered domain of their 'albite 
basalt', in which it is as high as 3.98% in sample 35035 
and 3% in sample 35002. Obviously much of the 
feldspar identified as albite in the Walli Andesite is 
potash feldspar, and, like the Nine Mile Volcanics, the 
least altered rocks are the richest in K.,O. The Walli 
Andesite at Cliefden, therefore, also ippears to be 
shoshonitic. Cooke ( 1975) analysed several basaltic 
lavas from the Ordovician Kenyu Formation northeast 
of Boorowa (I 00 km north-northwest of Canberra). 
These lavas arc enriched in incompatible elements and 
are almost identical in mineralogy and chemistry to the 
Nine Mile Volcanics. The Kenyu Formation is the 
southernmost part of the Ordovician volcanics in the 
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northern outcrop of the Molong Volcanic Arc. From 
here southwards the Molong Volcanic Arc is covered 
by younger rocks until it emerges from beneath the 
Peppercorn Formation as the Nine Mile Volcanics. 
There is no direct evidence of continuity between the 
Kenyu Formation and Nine Mile Volcanics, but the 
Nine Mile Volcanics have a similar chemistry to the 
Walli Andesite, Kenyu Formation, and Sofala Vol
canics, suggesting that they have close links with these 
central New South Wales volcanics. Although there may 
be many volcanic centres (two of which are known
at Tumut Ponds Dam and Peppercorn Creek), there 
is no evidence against a semicontinuous belt of sub
cropping volcanics between Peppercorn Creek and 
Boorowa. 

Shoshonites have been correlated with the deepest 
parts of subduction zones in island arcs showing an 
advanced stage of evolution (Jakes & White, 1969, 
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1972; Gill, 1970; Ninkovich & Hayes, 1972; Keller, 
197 4). Smith ( 1972) related the shoshonitic rocks of 
southeastern Papua New Guinea to instability in the 
mantle as a result of block-faulting and uplift. 
Mackenzie & Chappell ( 1972) postulated partial fusion 
of eclogite detached from the base of downbuckled 
parts of the crust to explain the origin of shoshonites 
in the highlands of Papua New Guinea, and found no 
direct evidence to relate the volcanics to a subduction 
zone. Mackenzie ( 1976), modifying the model of 
Mackenzie & Chappell ( 1972), related the volcanism 
to diapirs derived from a large-ion lithophile-enriched 
low-velocity zone and triggered by buckling and uplift. 
Jaques ( 1976) found no evidence of the three-stage 
development of an island arc (viz. island-arc tholeiites 
followed by calcalkaline volcanics followed by shosho
nites) in the Finisterre Volcanics of the Early to mid
Tertiary arc of northern Papua New Guinea, where 
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shoshonitic rocks directly overlie pelagic and hemi
pelagic sediments, and no rocks of continental deriva
tion occur within the sequence. Recently, Johnson, 
Mackenzie, & Smith ( 197Rb) have suggested that the 
'shoshonites' of the Papua New Guinea highlands and 
eastern Papua New Guinea were not related to contem
poraneous subduction, but originated in a part of the 
mantle that had been modified by the introduction of 
water and incompatible elements from a previously 
existing subduction zone; they were later activated 
(according to this hypothesis) when the onset of a new 
tectonic regime (upwarping) favoured anatexis of the 
modified mantle. 

The controversy surrounding the generation and 
apparently diverse tectonic setting of Cainozoic shosho
nites precludes any speculation of a plate-tectonic setting 
for the Ordovician Nine Mile Volcanics, and indeed the 
whole of the Molong Volcanic Arc. If the arguments 
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Fig. 9. Selected major oxides and trace elements v SiO~ 
for the S-type granitoids (sources of data explained in 

text). 



of Johnson & others ( I978b) can also be applied to 
magmas not so enriched in large-ion lithophile clements, 
such as the Gooandra Volcanics, then all we can say 
is that the mantle was modified in some way beneath 
the Molong Volcanic Arc. This modification may have 
been caused by subduction or may be related to the 
incorporation of material from the low-velocity zone 
into the melts (Mackenzie, 1976). If the modification 
was related to subduction, this subduction was not 
necessarily coeval with volcanism. Johnson & others 
1 1978b) have used strontium isotope initial ratios of 
Papua New Guinea volcanics to date the time interval 
between subduction and extrusion. Strontium isotope 
work on the Nine Mile Volcanics (see p. 37) indi
cates an initial ratio of about 0. 7046 for one sample, 
if an Ordovician age is assumed. This value is high 
enough to account for a considerable time span between 
modification of the mantle and volcanism (in the order 
of 100 to 200 m.y.), hut does not negate the possibility 
of subduction and volcanism being coeval. 

SILURO-DEVONIAN S-TYPE GRANITOIDS AND VOLCANICS 

We have extended the classification of granitoids by 
Chappell & White ( 1974) into 1-type and S-type, 
according to their source (igneous, I, or sedimentary, 
S), from the type area in BERRIDALE (White & 
others, 1976) to cover the granitoids in TANT AN
GARA and BRINDABELLA. We have also extended 
the classification to cover the felsic volcanics in the 
two Sheet areas, as cordierite and almandine-rich 
garnets (two minerals typical of high-grade metasedi
mentary rocks) are common and in some places 
abundant phenocrysts in the Goobarragandra, Kellys 
Plain, Paddys River, and Walker Volcanics, which are 
therefore classified as S-type. Similarly, the Ainslie, 
Mount Painter, Gladefield. and Hawkins Volcanics in 
CANBERRA are also S-type. 

Chappell ( 1966) and White & Chappell ( 1977) have 
shown convincingly that many granitoid magmas are 
composed of a two-component mix of melt plus residual 
crystals. Many melts are close to a minimum melt 
composition (Tuttle & Bowen, 1958), and the addition 
to them of crystalline phases such as biotite, calcic 
plagioclase, hornblende. cordierite, and garnet produces 
a crystal mush. Chappell ( 1966) has shown that these 
crystalline phases are derived from the region of 
granitoid genesis-not from the accidental incorporation 
of xenocrysts and xenoliths into the melt at some higher 
level in the crust. Thus. for any group of granitoids 
which have been derived from the same source material, 
there should be a spread in chemical composition along 
a two-component mixing line, with the melt composi
tion at the high silica end, and the average composition 
of the source material at some point along the trend 
towards the low silica end. 

Our analyses of the Gingera, Kosciusko, and Young 
Batholiths are presented in Tables A3 and A4 (Appen
dix 1). In addition to our analyses, we have included 
in our variation diagrams (Fig. 9) analyses from the 
Murrumbidgee Batholith (Joyce, 1970), Kosciusko 
Batholith (Hine & others. 1978), and Young Batholith 
(Stevens. 1952: Veeraburus, 1963: Ashley, 1973: 
Clark, 1974: and Franklin, 1975). Relatively linear 
trends for the Gingera, Kosciusko, Murrumbidgee, and 
Young Batholiths on the Harker variation diagrams 
support the model of two-component mixing. and also 
show that these four batholiths were derived from 
source materials that were similar in composition. Good 

26 

mixing-lines are evident for TiO.,, MgO. total Fe, and 
P~O.-,:CaO, Na~O. K~O. Rh. and-Sr are more scattered. 
but a mixing-line trend is still evident. Ba and Zr do not 
show linear trends, so some additional factor must be 
influencing their distribution. Two other features of the 
trends do not apply to all the batholiths: 

I. Analyses from the Young Batholith have a wide 
scatter on most diagrams. This may be partly due to 
the inclusion in the variation diagrams of a number of 
old, possibly less accurate analyses from the literature. 
but it is also partly related to intense deformation which 
resulted in a decrease in K~O (Fig. 10) and a slight 
increase in Na.,O (Ashley & Chenhall. 1976). 

2. The samples from the Shannons Flat Adamellite 
(Murrumbidgee Batholith, silica range 70-74%) tend 
to be a little higher in calcium and strontium than the 
general trends. possibly indicating more calcic plagio
clase in the source for the Shannons Flat Adamellite. 

Barium produces a wide scatter of points, but appears 
to increase up to about 73% SiO.,. A trend of increasing 
barium with increasing silica co-ntent would fit a two
component mixing model if almost all the potash 
feldspar in the source had melted, otherwise barium 
would he partitioned into the residual source material 
through capture by potassium in residual feldspar. The 
marked decrease in barium in most leucogranites (SiO~ 
greater than 74%) indicates that a pure two-component 
mixing model cannot account for these rocks. Therefore 
the leucogranites must have been physically separated 
from an adamellite which had already started crystal
lising potash feldspar. This might have been achieved 
by filter pres>ing (Carmichael. Turner, & Verhoogen, 
1974. p. 63), which the presence of xenocrysts of 
biotite, quartz, and plagioclase in the leucogranites 
supports. 

Zirconium increases slightly between 65 and 70% 
SiO ... and then decreases towards a minimum melt com
position at high silica values. We have no satisfactory 
t.:xplanation for this trend, but it may be only an 
apparent trend caused by low-silica rocks from the 
Murrumbucka Tonalite ( MICHELAGO) of the Mur
rumbidgee Batholith (Joyce, 1970) having a quite 
different source-rich in hornblende and poorer in 
zirconium. For minimum melt two-component mixing 
from a sedimentary source, zirconium should produce 
a straight line trend decreasing with increasing silica, 
because zircon i~ mostly present as inclusions in residual 
biotite. 

The Kellys Plain, Goobarragandra. Walker, and 
Paddys River Volcanics (Tables A5 to AS, Appendix 2) 
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have the same silica range as the granitoids. hut their 
data arc much more scattered on Harker variation 
diagrams (Fig. II). so that the trends arc not well 
defined. This is to be expected for ignimbrites which 
have undergone a great deal of alteration, the most 
intense being the widepsrcad albitisation of plagioclase 
(Fig. 12, which also includes data from our unpub
lished analyses of samples of S-type volcanics from 
CANBERRA). 

Despite the scatter in Figure I I the volcanics and 
S-type batholiths share similar trends. The lower Ca 
and higher Na in the volcanics arc due to albitisation 
of calcic plagioclase. but calcium shows greater deple
tion than sodium shows enrichment, perhaps because 
the feldspars arc scricitiscd as well as albitiscd. The 
higher barium values in the volcanics can be directly 
related to high potassium values in the Walker and, to 
a lesser extent, Paddys River Volcanics: the Walker 
Volcanics appear to have been altered by potash meta
somatism rather than albitisation, as their calcium and 
sodium arc lower and their potassium and barium are 
higher than the granitoid trends. Allowing for such 
alteration in the volcanic rocks, we feel that there is 
overwhelming chemical and mineralogical evidence for 
the S-type granitoids and S-type volcanics being comag
matic: this is further supported by their initial strontium 
isotope ratios (sec p. 3 7). 

Discussion 

The linear trends for most elements support 
Chappell's ( 1966) two-component mixing model of 
granitoid genesis. This model allows the average source 
composition to be calculated, provided that the silica 
content of the source is assumed. By assuming realistic 
figures for the percentage of partial melting (at least 
25% ) into granitoid magma, we can estimate the silica 
content of the sedimentary source. The most mafic 
S-type plutons, such as the Clear Range Granodiorite, 
contain mostly residual crystals and little minimum melt 
material (perhaps only 20% ) , and these rocks have 
66-69% SiO:.!. The most mafic S-type analysis known 
is from the Corryong Batholith (KOSCIUSKO, L. A. I. 
Wyborn, 1977): this has 63% SiO., and is probably 
even more mafic than its source material. A reasonable 
average silica value for the source material would be not 
less than 65%. By using this estimate the concentration 
of other elements can be read directly from the Harker 
diagrams, and an average source composition can be 
calculated. L. A. I. Wyborn (1977) has shown that 
the calculated average source composition is close to 
the composition of the Ordovician sediments at the 
same silica level, except that its sodium and calcium 
contents are much too high. For this reason she has 
postulated a source which has undergone less sedi
mentary fractionation and therefore contains more 
feldspar. Such a source is thought to lie in an Upper 
Proterozoic to Lower Cambrian sedimentary layer 
underlying the Ordovician turbidites. or perhaps a Pre
cambrian crystalline basement (White, Williams, & 
Chappell, 1976). 

The origins of granitoid magmas in the Lachlan Fold 
Belt and their relation to orogenic events have been 
extensively debated (Browne, 1929, 1931: Vallance, 
1954, 1969; Joplin, 1962: Kolbe & Tavlor, 1966: Jovcc. 
1973: White, Chappell, & Cleary. 1974: Chappell & 
White, 1974): Browne (1931), Joplin (1962). and 
Brooks & Leggo ( 1972). for example. have stressed that 
plutonism is a cyclic process. The stratigraphic control 
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on the age of emplacement is poor for the S-typc 
granitoids (Vallance. 1969, p. 198), and many 
workers have variously referred to the S-typc granitoids 
as being Benambran, Quidongan, Bowning, and Tab
berabberan in agc~c.g., Everndcn & Richards ( 1962); 
Brooks & Lcggo ( 1972): Crook & others ( 1973): 
Scheibner ( 1973, 1976): Talent & others ( 1975): 
Vandenberg ( 1976). Several lines of evidence suggest 
to us a rather different alternative: 

I. Recent work on the metamorphism of the Wagga 
Metamorphic Belt, west of the mapped area, lw 
Hellman ( 1976) and L. A. I. Wyborn ( 1977) has 
shown that the metamorphism can be explained as a 
single prograde metamorphic event which outlasted the 
llrst period of deformation there (?first Benambran 
fold episode) but had subsided before the onset of a 
later and more intense deformation that we interpret 
as the Bowning fold episode. Further. L. A. I. Wyhorn 
( 1977) has shown that the metamorphism affected not 
only the area west of the Molong Volcanic Arc, but the 
arc itself and the area cast of the arc ncar Thredbo 
(JACOBS RIVER). Thus the metamorphism cannot be 
related to an area of high heat flow in a marginal sea 
(Wagga Trough). as suggested by Packham & Falvey 
( 1971). 

2. There is good evidence for a metamorphic discon
tinuity beneath the upper Llandoverian to ?lower 
Ludlovian Peppercorn Formation, and the metamor
rhosed rocks can be traced southwards into the Wagga 
Metamorphic Belt. A metamorphic discontinuity prob
<lbly also exists beneath the Silurian Towanga Forma
tion in the upper Indi River area, in JACOBS RIVER 
(L.A. I. Wyborn, 1977). 

3. A detailed study of S-typc granitoids in the Berri
dalc Batholith by Williams ( 1977), using various 
methods of isotopic dating, has shown that the more 
conventional methods of dating ( Rb/ Sr and K/ Ar) 
yield concordant cooling ages of around 410 to 420 m.y. 
(according to the decay constants recommended at the 
lUGS meeting in Sydney in 1976), yet U-Pb dating of 
monazites from the same samples consistently give ages 
10 to 20 m.y. older. Williams ( 1977) concluded that 
the older ages give the oldest limit to the age of magma 
formation: this implies that some granitoids may have 
taken up to 20 m.y. to form, intrude, and then cool to 
their strontium and argon retention temperatures. 

4. Our correlation of the Bowning fold episode with 
the intense deformation of the Gingera Batholith and 
less intense deformation of the Murrumbidgee and 
Young Batholiths, and a similar correlation of deforma
tion in the Kosciusko Batholith by L. A. I. Wyborn 
( 1977). indicate that these granitoids arc actually older 
than, and not associated with, the Bowning fold episode. 

5. Chemical, mineralogical. and i·.;otopic charac
teristics of the S-typc volcanics of Wenlockian to Lud
lovian age show that the volcanics represent the 
extrusive equivalents of the batholiths. so the batholiths 
must have existed in a magmatic state at depth during 
these times. A late remelting of the same source material 
to form the batholith~ cannot be sustained, since the 
widespread occurrence of orthopyroxene in the vol
canics indicates that the magmas which produced them 
were in equilibrium with a relatively anhydrous 
rcsidue~that is, the anatexi~ to form the S-type vol
canics left a granulite residue. Remelting of this residue 
would require a high temperature. and would produce 
a magma chemically different from the S-type batho
liths. 
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All the above evidence indicates that a single but 
possibly prolonged period of high heat flow that 
culminated in the Early Silurian was responsible for the 
generation of S-type magmas. The source was a possible 
Upper Proterozoic to Cambrian sedimentary layer con
taining more detrital plagioclase than the Ordovician 
quartz-rich flysch. The structural environment in the 
Late Ordovician-early Wenlockian was one of com
pression, resulting in three deformations which deve
loped progressively eastwards with time (p. 17). 
Widespread metamorphism and anatexis cannot be 
related to these localised events, but the compressional 
1 egime would not favour the rising of accumulating 
magma pools, and it was not until the Late Silurian 
that a favourable structural environment allowed the 
magmas to rise. At this time a tensional regime resulted 
in the formation of a series of troughs and highs 
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bounded by block faults in the Lachlan Fold Belt, and 
tholeiitic magmas were tapped from the upper mantle 
along major fault lines (D. Wyborn, 1977). S-type 
felsic volcanics, still retaining anhydrous mafic crystals 
that were in equilibrium with the melt near its source, 
were the first magmas to rise, and were soon followed 
by the granitoids. Those granitoids which rose most 
quickly retained much of their crystal component, and 
resulted in the most mafic intrusive bodies, such as the 
Clear Range. Bendora, McLaughlins Flat, and Calle
mondah Granodiorites, and the Willoona Tonalite. 
Later granitoids were progressively more leucocratic. 
Because the granitoids rose and cooled more slowly 
than the volcanics, the anhydrous residual mafic crystals 
in the melt (mostly cordierite, garnet, and ortho
pyroxene) reacted with the melt plus water liberated 
from the melt at lower pressures (Tuttle & Bowen, 
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1958) to form biotite. Xenocrysts of cordierite and 
garnet do occur in some of the mafic granitoids, but 
orthopyroxene has not yet been found. The Kellys 
Plain Volcanics, of Early Devonian age, do not fit well 
into this model as they postdate the Bowning fold 
episode. Their chemistry, and the presence in them of 
cordierite, garnet, orthopyroxene, and sillimanite, 
indicate that they came from the same source as the 
S-type granitoids, but as they were later they might 
have been derived from a younger melting event-an 
event for which we have no evidence. More likely they 
were still in the magmatic state at the onset of the 
Bowning fold episode, and this period of compression 
delayed their extrusion until the Early Devonian. 

Comparing this model with a Cainozoic plate tectonic 
analogue is rather difficult. There is no evid.:nce of 
subduction-derived melts, but, rather, a bimodal suite 
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Fig. ll. Selected major oxides and trace elements v SiO~ 
for the S-type volcanics. 
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of crustal melts and mantle-derived gabbroic rocks 
intruded in the Late Silurian. The Basin and Range 
Province in the Western USA (Atwater, 1970; Proffett, 
1977) during the early to middle Cainozoic is probably 
the closest analogue. The differences in scale and height 
above or below sea level between the basins and ranges 
in the USA and the troughs and highs in the Lachlan 
Fold Belt may have been due to a different basement 
type underlying the two regions; a thinned crystalline 
basement underlies the Basin and Range Province, but 
good evidence of a pre-Ordovician crystalline basement 
in the Lachlan Fold Belt is still lacking, as the source 
material of the S-typc granitoids is mo;c likely to be a 
layer of sediments-not crystalline rocks. 

SILURIAN )-TYPE GR\NITOIDS AND VOLCANICS 

We have mapped six I-type granitoid plutons of 
Silurian age in T ANT ANGARA and BRINDABELLA. 
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Three of them are petrographically similar and intrude 
the Goobarragandra Volcanics. They are here termed 
the Coodravale Suite after the best exposed and most 
;;ccessible pluton, the Coodravale Granodiorite. The 
other plutons in the suite are the Kennedy Range and 
Staravation Point Adamellites. Two analyses, one of the 
Coodravale Granodiorite (73840347) and one of the 
Starvation Point Adamellite ( 71840318), are given 
in Table A9 (Appendix 2). These plutons arc high in 
silica for 1-type granitoids, and arc lower in MgO, K~O, 
P:20.1 , and Rb, and higher in Na:!O, Fe:!0:11Fe0 
(Fig. 14), and Zr than S-type granitoids. 

The other three 1-type plutons-the Bugtown Tona
lite, Condor Granodiorite, and tonalite at Ashvale
are similar to I-type granitoids in BERRIDALE which 
Hinc & others ( 1978) have referred to as the Jindabyne 
Suite. Analyses of these plutons (Table A9) and Harker 
diagrams (Fig. 13) confirm their correlation with the 
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Jindabyne Suite of 1-type granitoids, although sodium 
is a little high, perhaps because of interlaboratory bias. 
The Jindabyne Suite has lower SiO.,. TiO.,. total Fe, 
MgO, K:!O, P:!O~,, Ba, Rb, and zr: and higher CaO 
and Na:!O than the S-type granitoids; is more oxidised 
than the S-type granitoids (Fig. 14); and follows a 
calcalkali trend on an AFM diagram (Fig. 15). 

Phenocrysts suggest that the Laidlaw and Uriarra 
Volcanics are most likely 1-type. The Laidlaw Volcanics 
arc commonly quite fresh, and contain phenocrysts of 
biotite, calcic plagioclase, sanidine, orthopyroxene, and 
<.llanite; the U riarra Volcanics also contain allanite 
( cf. the Jindabyne Suite, see under Bugtown Tonalite, 
on microfiche: and Hine & others, 1978) and sanidine 
phenocrysts. Cordierite and garnet, common in the 
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Fig. 13. Selected major oxides and trace elements v SiO~ 
for 1-type granitoids of the Jindabyne Suite, and the Laidlaw 

Volcanics. 

S-type volcanics, are absent from both volcanic units. 
The Laidlaw Volcanics (Table AIO, Appendix 2) are 
mostly unalbitised, whereas the Uriarra Volcanics 
(Table All) are everywhere albitised. The Laidlaw 
Volcanics are higher in CaO and Sr and lower in Na~O 
than the U riarra Volcanics, but otherwise they share 
a similar chemistry; differences are due to albitisation 
of the U riarra Volcanics. Both units follow a calc
alkali trend on an AFM diagram (Fig. 16). 

The Ginninderra Porphyry, a high-level stock within 
the Laidlaw Volcanics, is believed to be the intrusive 
equivalent of the Laidlaw Volcanics, as it contains 
orthopyroxene and allanite phenocrysts, but, like the 
U riarra Volcanics, has been albitised. Three Ginnin
derra Porphyry analyses (Table A II, Appendix 2) are 
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MgO 

almost identical to the U riarra Volcanics analyses and 
to two analyses of albitised Laidlaw Volcanics, samples 
73840470 and 75840005. 

Harker diagrams showing the Laidlaw Volcanics and 
J indabync Suite data (Fig. 13) indicate that: 

I. The volcanics are richer in silica than most Jinda
bync Suite analyses. 
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2. Given the silica difference, the Laidlaw Volcanics 
are similar to the Jindabyne Suite in total Fe, MgO, 
CaO, Na~O, P:!O.-,. Rb, and Sr. 

3. The Laidlaw Volcanics are richer in Ba and Zr, 
and possibly TiO:! and K:!O, than the Jindabyne Suite. 

4. Compared with the S-type trends, the Laidlaw 
Volcanics arc poorer in TiO:!, total Fe, MgO, P .. O;,. 
Rb, and possibly K.,O, richer in CaO, Na.,O, and Sr, 
;md similar in Ba and Zr. -

5. The chemistry of the Laidlaw Volcanics varies 
along more linear trends than the more altered S-typc 
volcanics (Fig. I I ) . 

Discussion 
Coodravalc Suite. The Coodravale Suite of l-type 

granitoids is confined to the area west of the Long 
Plain Fault and is part of the Young Batholith. 
Although analytical data are lacking, the suite does 
appear to be higher in zirconium than S-type granitoids 
with the same high silica content. In the S-type grani
toids, zirconium is partitioned into the non-melt 
fraction, indicating that the melt temperature was low 
(near minimum melt). The high zirconium content in 
the Coodravale Suite perhaps indicates that the melt 
was at a high enough temperature to incorporate 
zirconium. and well above the minimum melt tempera
ture (about 680''C at 2kb-Luth. 1976). As there 
appears to be little difference in age between the 
Coodravale Suite and the S-type granitoids in the Young 
Batholith, we presume that the same melting event in 
the Early Silurian generated both types. 

Jindabyne Suite. Hine & others ( 1978) have already 
discussed the chemistry of the Jindabyne Suite l-type 
granitoids, and suggested a basaltic to andesitic source. 
As we have shown that one member. the Bugtown 
Tonalite. is older than the Bowning fold episode and 
therefore of a similar age to the S-type granitoids, we 
presume that the same melting event in the Early 
Silurian generated both types. The Jindabyne Suite 
granitoids are everywhere younger than adjacent S-type 
granitoids in BERRIDALE (White & others, 1976a). 
and in the Murrumbidgee Batholith, where the tonalite 
of Ashvale intrudes the Westerly and Yaouk Leuco
granites. This suggests a deeper source and, hence, a 
longer time of ascent for the 1-type granitoids. 

Laidlaw Suite. The relation between the Laidlaw 
Volcanics and equivalent granitoid rocks is difficult to 
assess at present. The high Ca. Sr, and Na, and low 
Mg, Fe, P:!O;,, and Rb. correlate well with the Jinda
bvne Suite, and this correlation is supported by the 
p~esence of allanite in both units. However, hornblende 
is not present in the Laidlaw Volcanics, but is abundant 
in the Jindabyne Suite, and Ba and Zr are much higher 
in the Laidlaw Volcanics. We consider that these 
differences are sufficient to assign the Laidlaw Volcanics 
to a separate suite, here named the Laidlaw Suite, in 
which we also include the Ginninderra Porphyry-the 
only mapped plutonic equivalent of the suite-and the 
Uriarra Volcanics. 

In some respects the Laidlaw Suite is intermediate 
in chemistry between I and S-types in the Lachlan Fold 
Belt. Molecular AI..O .. /Na.,O + K.,O + CaO is less 
than 1. I. a feature '(ypic~l of 1-types (Chappell & 
White, 1974), but the ditTerence between Laidlaw 
analyses and the S-type trends is not great for any 
element. The high CaO, Na .. O, and Sr in the Laidlaw 
Volcanics indicates a more feldspathic source than for 
that of the S-types; such a source might have been 



feldspar-rich sediments rather than igneous rock. The 
initial strontium isotope ratio of the Laidlaw Volcanics 
( 0. 708, see p. 3 7) is intermediate between I and S-ty pes 
in the Lachlan Fold Belt (Chappell & White, 1976). 

LOWER DEVONIAN I-TYPE GRANITOIDS AND VOLCANICS 

Owen & Wyborn ( 1976) gave the name 'high-K 
1-type suite' to a belt of Lowe~ Devonian plutons- that 
crop out only to the west of the Tantangara Fault in 
T ANT ANGARA, and suggested that si~1ilar plutons 
both to the north and south belong to this suite. We 
here present more complete data on the suite. As Hine 
& others ( 1978) pointed out, the naming of a granitoid 
suite by its high-potassium content might cause con
fusion in the future, especially as I-type suites appear 
to be geographically controlled, so we here apply a 
more appropriate name to it, the Boggy Plain Suite, 
chosen because the Boggy Plain Adamellite is the most 
representative pluton of the suite. 

Like the Jindabyne Suite and S-type granitoids, the 
Boggy Plain Suite has a calcalkali trend (Fig. 1 7), 
which, however, extends to much lower alkali contents 
as chemical analyses (Tables A 12 to 15, Appendix 2) 
~how that the suite has a much greater silica range
from 48% (sample 73840169, Table A14) to almost 
77% (sample 71840465, Table Al5). Harker 
diagrams (Fig. 18) illustrate the chemical variations in 
the Boggy Plain Suite compared with the S-type grani
toid trends. They show that, as well as having a greater 
silica range, the Boggy Plain Suite has less MgO and 
P:;O~,; Jess TiO:; and total Fe at low silica values, but 
similar contents at high silica values; similar CaO and 
K:.:O at similar silica values; and more Na.,O, Ba, and 
Sr at similar silica values. Compared with the Jindabyne 
Suite the Boggy Plain Suite has higher MgO, K.,o, 
P:!O~, Ba, Rb, Sr, and Zr, and lower CaO. Like -the 
Jindabyne Suite, the Boggy Plain Suite is more oxidised 
than the S-type granitoids (Fig. 19). 

The most significant chemical feature of the Boggy 
Plain Suite is the high content of incompatible elements 
~uch as K, P, Ba, Rb, Sr, and Zr. Barium generally 
increases with increasing silica (Fig. 18). This trend 
is consistent with a two-component mixing model 
between melt and residual crystals; it indicates that, 
unlike the S-type leucogranites, the more silica-rich 
plutons such as the Gurrangorambla Granophyre, Bur
rinjuck Adamellite, and Jackson Granite did not form 
by fractional crystallisation in which the precipitation 
of early potash feldspar was followed by filter pressing 
of the residual liquid. However, some crystal-liquid 
separation would explain why the more felsic parts of 
the Jackson Granite, Burrinjuck Adamellite, and 
Boggy Plain Adamellite are depleted in barium. 

The Lower Devonian Mountain Creek Volcanics and 
Rolling Grounds Latite (Tables A 16 and A 17, 
Appendix 2) are petrographically similar to plutons of 
the Boggy Plain Suite, as they contain phenocrysts of 
clinopyroxene and. in places, orthopyroxene. Both 
volcanic units are high in incompatible elements such 
as K, Ba, Sr. Rh, P, and Zr, confirming their similarity 
to the Boggy Plain Suite, and are therefore believed to 
he part of the suite. 

Selected Harker diagrams (Fig. 20) show that 
the Mountain Creek Volcanics and Laidlaw Suite 
are similar in total Fe, but that the Mountain 
Creek Volcanics are richer in TiO~ and poorer in 
MgO; the two volcanic suites show opposing trends 
for Zr, which increases with increasing SiO., 1t1 the 
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Mountain Creek Volcanics but decreases (with increas
ing SiO~) in the Laidlaw Suite. The pos1t1ve 
correlation of Zr with SiO~ in the Boggy Plain Suite 
intrusives (Fig. 18) and extrusives (Fig. 20) contrasts 
with the negative correlation of Zr with SiO.. in the 
S-type intrusives (Fig. 9) and indicates that the Zr was 
incorporated in the melt fraction of the Boggy Plain 
Suite magmas. 

Discussion 
The Boggy Plain Suite is a chemically, mineralo

gically, temporally, and geographically distinct group of 
1-type granitoids and volcanics. Its silica range is 
greater than that of the Jindabyne Suite and S-type 
granitoids and volcanics, and the rocks are enriched in 
incompatible elements. A two-component mixing model 
of residual source material (clinopyroxene, ortho
pyroxene, calcic plagioclase, and minor olivine) plus 
melt can explain much of their chemical variation, but 
some individual plutons have undergone fractional 
crystallisation as well, producing concentrically zoned 
bodies-such as the Boggy Plain Adamellite-and high
silica aplitic segregations in the Jackson and Burrinjuck 
plutons. The wide scatter in the data at the low-silica 
end of the trends is probably due to the accumulation 
and concentration of pyroxene crystals and aggregates. 
High zirconium in the melt fraction, relatively flat 
trends for TiO:! and total Fe against silica, and 
large contact aureoles-all indicate temperatures con
siderably above minimum melt temperatures. The 
abundance of orthopyroxene and clinopyroxene in the 
lower-silica rocks indicates a more anhydrous source 
than the Jindabyne Suite, and a water-undersaturated 
magma. 

The source material for the Boggy Plain Suite must 
have been of basaltic rather than andesitic composition, 
relatively anhydrous, and rich in incompatible elements. 
It had probably never been through a previous melting 
episode, since that would have left it low in incom
patible elements. This suggests either that the melting 
episode was the same as that which produced the 
Silurian granitoids, or that the source material is 
younger than Early Silurian. Initial strontium isotope 
values between 0.704 and 0.706 for the granitoids (see 
pp. 3 7, 39) suggest that the source had aged before it 
partially melted, so the first alternative is the more 
likely. 
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f'ig. 17. AFM diagram of the Boggy Plain Suite granitoids. 
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Many Lower Devonian high-potassium 1-type plutons 
occupy a meridionally trending belt from Yeoval 
( 300 km north of Canberra) ( Gulson, 1972; Gulson, 
Lovering, Taylor, & White. 1972), past Orange (Crook 
& Powell. 1976), to Burrinjuck, Cooleman, and south 
to the upper Tumut River (KOSCIUSKO). This belt 
10ughly coincides with the Ordovician Molong Volcanic 
Arc, suggesting a genetic relation between the two. As 
many of the Molong Volcanic Arc basalts are 
<cpparently enriched in incompatible elements, a likely 
source for the Boggy Plain Suite is the high-potassium 
gabbroic bodies intruded into the lower crust during 
the Ordovician volcanism. 
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Fig. 18. Selected major oxides and trace elements 

UPPER SILURIAN BASIC INTRUSIVES 

A complex of basic stocks and sheeted dykes of 
Late Silurian age crops out near the western edge of 
BRINDABELLA and in northwest T ANT ANGARA. 
Farther east, similar dykes crop out locally; they 
are thought to be Silurian, as those intruding the 
Walker Volcanics have undergone prehnite-pumpellyite 
burial metamorphism along with the volcanics. The 
western complex has been termed the Micalong Swamp 
Basic Igneous Complex. Analyses from the complex 
are given in Table A 18 (Appendix 2), and variation 
dingrams in Figure 21. 
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The complex is highly differentiated, illustrating a 
well-defined tholeiitic trend (Fig. 22) from magnesium
rich leucogabbros through iron enrichment-of which 
magnetite-hornblende gabbros are the most enriched
to alkali enrichment. The elements indicate three 
different types of behaviour during differentiation 
(decreasing solidification index): 

1. continuous depletion of MgO, Al:!O::t, CaO, and 
the minor elements which readily substitute for mag
nesium, such as Ni and Cr; 

2. TiO., MnO, total Fe, P.,O-, V, Zn, and Sr 
increase to a maximum and the;; f~ll to low values; 

3. continuous enrichment of SiO.,, Na.,O, K.,O, Ba, 
Rh, and Zr. - - -
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The trends on vanat10n diagrams for most of these 
clements arc not smooth because of local concentration 
of cumulate minerals. For example, MgO and total Fe 
are low (Fig. 21) for samples 73840363 and 
74840045, which have high calcic plagioclase contents: 
conversely, CaO and Al:!Oa are somewhat high in these 
samples for the same reason. Again, SiO:.! is low in 
samples 73840406 and 73840408, in which the 
magnetite content is high. 

Sodium and zirconium gradually increase right 
through the differentiation series, but SiO.,, K., 0, Rb, 
and Ba remain low until SI is below 10, when -there is 
a rapid increase. The trends for TiO.,, MnO, total Fe, 
V, and Zn all reach a maximum at about Sl 25, hut 
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Fig. 19. FecOa v FeO for tbe Boggy Plain Suite granitoids 
and S-type granitoids. 

P:;O~, has an erratic trend and reaches a maximum at 
SI less than 20. Strontium is highest in the plagioclase 
cumulates (samples 73840363 and 74840045) and in 
the rocks highest in iron: as the plagioclase in these 
iron-rich samples is less calcic and often less abundant 
than that in the more magnesium-rich rocks, it seems 
that the plagioclase is more efficient at extracting 
strontium from the melt when it is of about andesine
labradorite composition. All these trends quite closely 
follow the computed liquid lines of descent for the 
Skaergaard pluton (Wager, 1960: Wager & Brown, 
1967). 

Discussion 
The Micalong Swamp Basic Igneous Complex is a 

classic example of chemical variation produced by frac-
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tiona! crystallisation of a tholeiitic liquid at low 
pressure. As the samples with highest Mg numbers 
( 65 to 70) contain accumulated plagioclase crystals, the 
parent liquid was probably not a direct partial melt 
from the upper mantle, but had lost high-magnesian 
olivine before reaching the final level of emplacement. 

The presence of hornblende and ferrohastingsite in 
the middle and late stages of fractionation, rather than 
ferroaugite and hedenbergite. indicates that the magma 
was more hydrated than the Skaergaard. Bushveld, or 
Stillwater plutons (Wager & Brown, 1967). The high 
water content of the magma may explain the high 
anorthite component (up to An!"') in the plagioclase, 
as plagioclase-melt equilibria are sensitive to water 
pressure (Drake,, 1976). and Yoder ( 1969) has shown 
that more-calcic plagioclase crystallises from a melt at 
higher water pressures. In the three relatively anhydrous 
plutons mentioned above, plagioclase is rarely more 
calcic than An 7 ~ •. 

D. Wyborn ( 1977) has suggested that the widespread 
availability in the southern Lachlan Fold Belt of a 
middle to Late Silurian low-potassium tholeiitic magma 
(such as that which formed the M icalong Swamp Basic 
Igneous Complex), and the intrusion of this magma to 
form meridional parallel and sheeted dyke complexes, is 
evidence of a period of crustal extension at the same 
time as the upwelling of crustal melts to form the 
Silurian felsic volcanics and batholiths. The Micalong 
Swamp Basic Igneous Complex is particularly useful 
for demonstrating this suggestion, as meridional basic 
dyke swarms intrude the Goobarragandra Volcanics 
and are intruded by plutons of the Young Batholith. 
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GEOCHRONOLOGY 
The Australian Mineral Development Laboratories 

(AM DEL) did all the isotopic work reported here. 
They used the decay constants that were recommended 
at the 25th International Geological Congress, in 
Sydney (Steiger & Jager. 1977). 

Although the main aim of any geochronological work 
i~ to date geological events, one of the aims of our 
study was to date silmples of igneous bodies which 
have good stratigraphic control, so that we might relate 
some of the lower Palaeozoic stages to an isotopic time 
scale derived from the rocks that AMDEL dated for us. 
As the ages that geochronologists have assigned to 
many of the boundaries between the lower Palaeozoic 
stages are either poorly defined or mutually conflicting 
(e.g., Lanphere, Churkin, & Eberlein, 1977; Gale, 
Beckinsale. & Wadge, 1979), this work might help 
to resolve the ages of some of them. 

For convenience the isotopic results are discussed in 
four sections: Ordovician, Silurian, Devonian. and 
Tertiary. 

Ordovician results 

Hornblende from a pyroxene hornblendite intrusion 
at grid reference 312111 (KOSCIUSKO) yielded a 
K/ Ar age of 455 :::':: 10 m.y. This intrusion, the 
Doubtful River Gabbro, is believed to be related to the 
Nine Mile Volcanics of Gisbornian age. It intrudes 
the upper Darriwilian to ?upper Gisbornian Temper
ance Formation, and field evidence suggests that it is 
a sill which intruded the sediments when they were 
only partly lithified (see under Intrusions related to the 
Nine Mile Volcanics on microfiche). Although the 
sample is from a greenschist facies terrain the horn
blende shows little or no alteration and we believe that 
455 ± 10 m.y. is a measure of the age of intrusion and 
not some later event. 

A sample of olivine monzonite porphyry from the 
Nine Mile Volcanics (sample 71840490 from grid 
ref. 4 7961 0) was measured for isotopic abundances of 
rubidium and strontium. It has a present-day Sr·~ 7 I Sr" n 
ratio of 0. 70620 ± 0.0004 ( 28). As the rock is known 
to be of Gisbornian age, its initial ratio-allowing for 
an error in the age of the Gisbornian of ± 20 m.y.
was calculated as 0. 7046 ± 0.0004. This initial ratio is 
~omewhat high for the rock to be derived from a homo
geneous mantle. This high ratio may be due to altera
tion, but it may also suggest that the magmatic source 
of the Nine Mile Volcanics had an earlier history and 
was originally enriched in Rb'' compared with normal 
mantle material. This second reason for high initial 
ratios has been advocated for Cainozoic volcanics in 
the Andes (James, Brooks, & Cuyubamba, 1976) and 
Papua New Guinea (Johnson & others, 1978b). 

Silurian results 

!11icalong Swamp Basic Igneous Complex 

An attempt to date the Miealong Swamp Basic 
Igneous Complex by a whole-rock Rb/ Sr isochron 
failed because of a lack of spread in the Rb/ Sr ratios. 
However, the spread was great enough to give a 
reasonably accurate initial Sr·' 7 I Sr' n ratio of 0. 7050 
± 0.0010. 

Hornblende from a magnetite gabbro at grid 
reference 473112 gave a K/Ar age of 430 ='= 9 m.y., 
which is a little older than the stratigraphic control of 
the complex indicates. 

Felsic igneous rocks 

Gooharragwulra Volcanin. Nine samples of the 
Goobarragandra Volcanics, collected from where the 
volcanics conformably underlie a sequence of sediments 
interbedded with the Ludlovian Yarrangobilly Lime
stone close to the T ANT ANGARA/ Y ARRANGO
BILLY border, were plotted on a Rb 1Sr whole-rock 
isochron, which yielded an age of 429 :± 16 m.y. and 
initial ratio of 0. 7095 ± 0.0009. A porphyry dyke from 
within the Goobarragandra Volcanics (grid ref. 
410653) was plotted on a Rb/ Sr whole-rock/ biotite 
isochron, which yielded an age of 417 ± 8 m.y. and 
initial ratio of 0. 7096. The biotite from the same sample 
} ielded a K/ Ar age of 429 ± 9 m. y. This porphyry 
dyke is similar in mineralogy and chemistry to the 
Goobarragandra Volcanics and is probably a f ceder 
dyke to volcanics higher in the pile. Its age is not 
significantly different from that derived from the whole
r;ck isochron of the Goobarragandra Volcanics. but 
there appears to be some discrepancy between its 
Rb/ Sr age and its K/ Ar age determined from biotite 
in the same sample. 
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Laidlaw Volcanics. A sample from grid reference 
818032 plotted on a Rb/ Sr whole-rock/ biotite isochron 
yielded an age of 418 ± 6 m.y. and initial ratio of 
0. 7081. The biotite from the same sample yielded a 
K/ Ar age of 425 ± 6 m.y. As the Laidlaw Volcanics 
are stratigraphically well placed at early Ludlovian an 
accurate date of their formation would place a lower 
limit on the age of the Silurian-Devonian boundary. To 
this end, further work on the isotopic age of the Laid
law Volcanics is in preparation in conjunction with the 
Research School of Earth Sciences. ANU. 

McLaughlins Flat Granodiorite. A sample from grid 
reference 575146 (BERRIDALE) plotted on a Rb/ Sr 
whole-rock/biotite isochron yielded an age of 412 ± 
8 m.y. and initial ratio of 0.7134. The biotite from the 
same sample yielded a K/ Ar age of 422 ± 8 m.y. 

Tonalite at A shvale. Biotite from a sample of horn
blende-biotite tonalite from grid reference 689169 
yielded a K/ Ar age of 414 ± 6 m.y., which is some
what older than the two Rb/Sr dates of 408 ± 4 m.y. 
and 405 ± 4 m.y. for the adjacent Westerly Leuco
granite (Roddick & Compston, 1976). The isotopic 
ages for these two intrusions are incompatible, as the 
tonalite intrudes the leucogranite. 

Devonian results 

Boggy Plain A dame/lite 

A whole-rock Rb/ Sr isochron through six samples 
vielded an age of 448 ± 130 m.y. and initial ratio 
0.7042 ± 0.0010. The samples all came from Boggy 
Plain. Two samples, one from Boggy Plain (sample 
73840175. grid ref. 440289) and one from Rocky 
Plain (sample 73840170. grid ref. 386263). were dated 
bv K/ Ar and Rb/ Sr techniques on biotite and horn
blende concentrates: the results are shown below: 

Sample 

73840175 

73840170 

K!Ar 
(hornblende) 

417 ± 10 rn.y. 
390 ::'::: 15 m.y. 

K!Ar 
(hiotitej 

415 :± 10 rn.y. 
417 ± 10 m.y. 

Rh!Sr 
(hiotitc) 

407 ± 5 rn.y. 
406 :::':: 5 m.y. 

The hornblende in sample 73840170 appears to have 
lost argon. 
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Burrinjuck A dame/lite 

Biotite from sample 73840385 (grid ref. 418245) 
yielded K/ Ar and Rb/ Sr dates of 415 ± 8 and 
399 ± 8 m.y. respectively. A whole-rock/biotite Rb/Sr 
isochron gave an initial ratio of 0. 7051. 

Jackson Granite 

Biotite from sample 71840365 (grid ref. 535553) 
yielded K/ Ar and Rb/ Sr dates of 413 ± 8 and 
324 ± 6 m.y. respectively. A whole-rock/biotite Rb/Sr 
isochron gave an initial ratio of 0. 7063. 

:J 

,, 

c 

600~ Til 

c 

= 

n 
-::J 

0 

30 

SolldlfiC"Oiion Index 

0 
0 0 

4C 

SoJ,dlfiCohon Index 

u 

'b 

40 

Solidd;cot!on Index 
50 

index for the Micalong Swamp Basic Igneous Complex. 

0 

6C 

" 
6(' 

39 

Tertiary results 

Kl Ar ages for Tertiary basalts are given below: 
Grid 

Sa111ple reference Location 
- ----~---~--~-

72840216 453636 
75840035 7871R7 
75840035A 771209 
758400358 785192 

Peppercorn Hill 
Near Shannons Flat 
Near Shannons Flat 
Near Shannons Flat 

23.2 ± 0.6 m.y. 
15.2 ± 0.3 m.y. 
18.2 ± 0.3 m.y. 
\8.0 ± 0.4 m.y. 

The dates indicate that all samples belong to the 
Snowy Mountains Province of Wellman & McDougall 
( 1974), though sample 75840035 has probably yielded 
an erroneously young age. 
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Fig. 22. AFM diagram of the Micalong Swamp Basic 
Igneous Complex. 

Discussion on the Palaeozoic results 

Although a reasonable time scale can be constructed 
from the Palaeozoic results there remains a problem of 
correlating K/ Ar dates with Rb/ Sr dates on the same 
sample. There appears to be a systematic error, as the 
K/ Ar dates are consistently older than the Rb/ Sr dates 
by 7 to 16 million years (Table 3). 

Several lines of evidence suggest that the K/ Ar ages 
are too old: 

I. The Rb/ Sr results for the Boggy Plain Adamellite 
determined at AMDEL are consistent with results for 

TABLE 3. K/Ar AGES COMPARED WITH Rb/Sr AGES 
FOR THE SAME SAMPLES OF UPPER SILURIAN 

AND LOWER DEVONIAN IGNEOUS ROCKS 

Rock unit Rb!Srage K!Arage 

Laidlaw Volcanics 
Dyke in Goobarra-

gandra Volcanics 
McLaughlins Flat 
Granodiorite 
Boggy Plain Adamel

lite 

Boggy Plain Adamel-

nl.y. 

41R 

417 

412 

407 

lite 406 
Burrinjuck Adamellite 399 

m.y. 

425 

429 

422 

415 (biotite) 
417 (hornblende) 

417 (biotite) 
415 

Difference 
m.y. 

+7 

-f-12 

+10 

+8 
+10 

+II 
+16 

the same pluton determined by W. Compston at ANU 
(sec Wyborn, 1977). 

2. K/ Ar work carried out at ANU (I. McDougall, 
written communication 1978) on the Laidlaw Volcanics 
yielded a biotite age 5 million years younger than the 
AMDEL K/ Ar age for a sample from the same locality. 

3. The K/ Ar age of 414 m.y. for the tonalite at 
Ashvale conflicts with the younger age for the Westerly 
Leucogranite given by Roddick & Compston ( 1976). 

4. The K/ Ar age of 430 m.y. for the Upper Silurian 
Micalong Swamp Basic Igneous Complex is older than 
its stratigraphic control indicates. 

The most reliable time scale, therefore, can be con
structed using the Rb/ Sr dates, and is shown below 
with suggested ages for the Ordovician/ Silurian and 
Silurian/ Devonian boundaries: 

TABLE 4. SUGGESTED TIME SCALE FOR UPPER ORDOVICIAN TO LOWER DEVONIAN STAGES 

DEVONIAN ·~· LOCHKOVIAN < Burrinjuck Adamellite =::, 400 m.y. 
. < Boggy Plain Adamellite 406 m.y. 

-410 m.y. 

SILURIAN 

PRIDOLIAN 

I 

LUDLOVIAN 

WENLOCKIAN 
ITt::ANDOVERIAN ·~ 

< Shannons Flat Adamellite 414 m.y. (Roddick & Compston. 1976) 

< Laidlaw Volcanics 418 m.y. 
< Goobarragandra Volcanics =::, 429 m.y. 

. --~t BOLINDIAN 
436 :±: I m.y. (Lanphere & others, 1977) 

ORDOVICIAN 

I 

EASTONIAN 
GISBO.RNfAN --· < Doubtful River Gabbro =::, 450 m.y. 
DARRIWILIAN 

ECONOMIC GEOLOGY 

Known mineral deposits in T ANT ANGARA and 
BRINDABELLA are typical of much of the Lachlan 
Fold Belt: they are small and mostly uneconomic; 
only gold has ever been of economic importance. 
Gilligan ( 1975a, b) has recently listed and briefly 
described the mineral deposits in the Canberra 
I :250 000 Sheet area. so our account describes only 
the larger deposits in BRINDABELLA and T ANT AN
GARA. 

METALLIFEROUS MINERAL DEPOSITS 

At the Black Andrew mine (grid ref. 434206, 
BRINDABELLA) a tungsten-bis;;uth deposit was 
worked intermittently from about 1914 to 1944, 
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though the main period of production was from 1942 
to 1944. The grade of the deposit was consistently low, 
and Owen (1944) reported that a total of only 5.5 
tonnes of concentrate was obtained from 1291 tonnes 
of ore; Gilligan (1975a) listed the total production as 
1294 kg of bismuth and 3658 kg of tungstic oxide 
( WO:;). Mineralisation developed in a quartz vein, 
trending northwest and dipping about 60° S, close to 
its intersection with a minor north-trending fault. The 
main mineral present is wolframite, with quartz as 
gangue, and minor fluorite, chalcopyrite, pyrite, bis
muthinite, molybdenite, arsenopyrite, galena, and 
scheelite (Gilligan, 1975a). Although the quartz vein 
has not been worked out, the low grade of the ore 
indicates that the deposit is uneconomic. The deposit 



appears to be related to, and is probably a late-stage 
hydrothermal feature of, the Burrinjuck Adamellite, 
which-like the Black Andrew deposit-contains 
fluorite as an accessory mineral. 

The Mount Blundell hase-metal prospect (grid ref. 
682933 to 679928, BRINDABELLA) is a lead-zinc
silver-gold prospect worked briefly in the late 1890s 
and again in the 1920s. Mineralisation occurs over a 
north-south strike length of about 500 m, and is 
considered to be stratabound in its host rock-a tuft'a
ceous siltstone which is part of the Mountain Creek 
Volcanics. It appears to be concentrated where major 
cross-fractures cut the mineralised zone, and at these 
localities extensive gossan has developed. Samples of 
gossan analysed by BMR (Carter. 1970) gave values 
of up to 2% lead and 0. 73% zinc. J aquet ( 1897) 
quoted assays of ore at up to 13.4% lead. 15.34 g/ tonne 
gold, and up to 3670 g/ tonne silver, but noted that 
results were variable, particularly for silver. The deposit 
is unlikely to be large or of a high grade, since the 
Mountain Creek Volcanics are essentially a subaerial 
sequence, an unfavourable environment for such 
deposits in felsic volcanics. 

Two mineral deposits are present in the lower part of 
Paddys River, near its junction with the Cotter River. 
The lower one (grid ref. 763880) is the Con{?warra 
copper lode (after Gilligan, 1975a), and the upper one 
(grid ref. 773863) is the Paddys River iron prospect; 
previously Smith ( 1963) had termed them the Half
Mile and Two-Mile Deposits. 

The Congwarra copper lode is formed mainly of 
magnetite oxidised in part to limonite, with relatively 
minor galena, sphalerite, chalcopyrite, pyrite, arseno
pyrite, and gold. It was first prospected in 1895 (Smith, 
1963), when 61 tonnes of ore were raised, and pros
pecting continued until 1908, and again in 1946. 
Samples taken in 1946 contained up to 3.6% Pb, 
7.7C:fc, Zn, 0.9% Cu, and 318 g/tonne Ag (Smith, 
1963). Gillig~n ( 197 Sa) reported assays, presumably 
done in the 1890s, averaging 2.9% Cu, 3.4% Pb, and 
I .I% Zn. The average grade from the data listed by 
Smith is considerably more than Gilligan's figures, 
particularly for zinc. The deposit is estimated to contain 
upwards of a million tonnes of magnetite, and, if the 
average grades given by Smith are used, about 50 000 
tonnes or more of sulphide may be present. 

The Paddys River iron prospect covers an area about 
200 m by 90 m. It is formed mainly of magnetite, with 
some possible hematite. and contains only a trace of 
sulphides. Jaquet ( 1901) estimated reserves at a 
minimum of I 000 000 tonnes of magnetite, but Smith 
( 1963) revised the estimate to about 600 000 tonnes. 

Both deposits are within the Paddys River Volcanics 
at their contact with the Shannons Flat Adamellite, 
and appear to have originated by metasomatic replace
ment of limestone lenses within the volcanics. At the 
Congwarra copper lode, limestone crops out next to the 
deposit, and the calcium-iron pyroxene mineral heden
bergite is common. fn addition, at another small deposit 
farther south (grid ref. 777851 ) , metasomatism is only 
partial. and marble and magnetite occur together. 

The Brindabe/la alluvial gold workings (grid ref. 
566726) were never very profitable. although a large 
amount of money was spent on the project. Work began 
in 1881 and continued intermittently until 1914. A large 
open cut worked by sluicing was excavated in river 
gravels in an old terrace of the Goodradigbee River. 
Extensive races were built to bring water from the 
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Goodradigbee River 3.5 km upstream; they included 
the short tunnel at grid reference 563748. The total 
recorded production from the claim is only 2924 g of 
gold. 

The Kiandra {?oldficlds at the time of their discovery 
were among the richest in Australia, and caused a major 
goldrush. The Held was discovered in November 1859. 
and the population rapidly rose to exceed I 0 000 by 
April 1860, but only 3000 stayed over the winter; by 
the end of the year the easily won gold had been 
worked out, and the population had fallen to about 
250 by March 1861. According to official figures, the 
total production of gold from 1859 to the present is 
5350 kg, but it probably exceeds 6000 kg because much 
of the early production was not recorded. The history of 
the goldfields has been documented in detail by 
Andrews ( 1901) and Moye ( 1959). 

The gold was initially found in and worked from 
Holocene alluvium, but most of the gold was won from 
Tertiary gravels preserved under the basalt capping of 
many hills around Kiandra. Many of the workings, 
and all the rich ones, are outside T ANT ANGARA; 
those within the Sheet area are Basalt Claim (grid ref. 
355250), which yielded poor returns, and the Six Mile 
workings (grid ref. 361357), which yielded good 
returns for a short time in I 860. Elsewhere in the 
Sheet area much prospecting was done in the 1 860s, 
generally with limited or no success. 

The main sulphide deposit in T ANT ANGARA is at 
Mount Black mine, about 200 m west of Spencers Hut 
on Cooleman Plain (grid ref. 522556). Two shafts sunk 
to depths of 13 m and 7 m in 1939, and a short hori
zontal drive extended from the lower shaft, proved an 
orebody of limited extent. 

Ashley & Creelman ( 1976) considered that the 
deposit, which occurs in the Cooleman Limestone 
immediately below its contact with the overlying Blue 
Waterhole Formation, developed in a joint-controlled 
collapse breccia zone, which they interpret as a palaeo
karst structure. Limestone fragments in the breccia 
<.ppear to have been replaced by a variety of minerals. 
including quartz, sphalerite, galena, and minor chalco
pyrite, pyrite, marcasite, tetrahedrite, arsenopyrite, and 
mackinawite. Ashley & Creelman ( 1976), and also 
Gilligan ( 1973), have recognised many similaritie~ 

1-etween the Mount Black deposit and Mississippi 
Valley-type ore deposits. 

A shaft was sunk in the early 1900s into an extensive 
go.1·san at the southern end of Smiths Range (grid ref. 
483363; T. Taylor, Currango homestead, personal com
munication 1972). The shaft, which is about 30 m 
deep, is still in existence, though in a dangerous condi
tion. It apparently failed to find an economic orebody. 
Evidence from the adjacent tip indi:.:ates that the main 
sulphide mineral was pyrite, with minor galena. 
sphalerite, chalcopyrite. and marcasite. The host rock 
is rhyodacite tuff. some of which may be reworked 
waterlaid tuff, and the mineralisation apparently occurs 
in veins with quartz as gangue mineral. 

The Mount Jackson magnetite deposit is in a joint 
which extends from within the Jackson Granite into the 
Mountain Creek Volcanics just north of Jackson Trig 
at grid reference 537619. The mineralisation occurs 
over a total length of I 000 m and is up to 20 m wide. 
Samples that we collected from the deposit have a 
simple mineralogy of either one or two major phases 
and very small amounts of other phases. Assemblages 
present are: 



-monomineralic (a) magnetite 
(b) hydrogrossularite 
(c) chlorite 
(d) epidote 

-two-phase assemblages (a) magnetite-quartz 
(b) magnetite-hydrogrossu

laritc 
(c) quartz-chlorite 
(d) quartz-epidote 

Analyses of several samples for trace clements 
yielded high values of Zn, Bi, W, and Sn, and low 
values of Ni, V. and Ti: Owen & others (J974b) have 
lis ted the full results. 

The Jackson Granite is a leucocratic rock low in 
MgO, FeO, and CaO. These oxides, together with Zn. 
Bi, W, and Sn, probably could not be accommodated 
in the granite, so were expelled with a fluid phase when 
tl~e granite magma crystallised. The Jackson Granite 
is a high-level granite that crystallised under very low 
load pressures, so it is unlikely that the magnetite was 
caused to crystallise by a large decrease in pressure. 
Rather, precipitation was probably caused by a large 
decrease in temperature. together with wallrock 
reactions ( chloritisation and epidotisation) decreasing 
the activity of clements in solution. The iron, magne
sium. calcium. and various trace elements may have 
been original constituents of the hydrous magma-yet 
they may have been the residues of partly assimilated 
xenoliths. which arc common in parts of the Jackson 
Granite. 

East of Seventeen Flat a magnetite-goethite deposit 
occurs along the Mount Black Fault from between grid 
references 549536 and 558508-a strike length of 
3000 m. The deposit has not been studied in det;il, but 
it may have formed by a similar process to the Mount 
Jackson deposit. It forms a pronounced aeromagnetic 
anomaly which is displaced about 400 m to the west of 
the outcrop of the deposit. suggesting a westward dip. 

The total tonnage of magnetite in the two deposits 
is estimated as several million tonnes, but as both are 
difficult of access they would be uneconomic to mine. 
Exploitation is also precluded because the deposits are 
in a highly scenic area of the Kosciusko National Park. 

Genetic associations 
Mineralisation in TANTANGARA and BRINDA

BELLA may be grouped into four genetic associations. 

l. Lower Devonian !-type granitoid association 

The Black Andrew tungsten-bismuth deposit and the 
Mount Jackson and Seventeen Flat magnetite 
deposits are probably the result of late-stage hydro
thermal activity from a leucocratic 1-type granitoid of 
the Boggy Plain Suite. All of them were deposited in 
veins. 

The prospects of finding further deposits of this 
association are considered to be remote. The magnetite 
deposits tend to form obvious outcrops, easily located 
by fieldwork, and the present detailed mapping failed 
to find additional deposits. Large tungsten-bismuth 
deposits of the Black Andrew type are not evident, at 
least in BRINDABELLA, where a stream-sediment geo
chemical studv (Shackleton, 1976) yielded no rei; ted 
geochemical a~omaly near the Burri~juck Adamellite. 

2. Upper 5iifurian S-type granitoid association 
Mineral deposits in the Paddys River valley are 

similar genetically to the deposits of the first associa
tion, as both are derived from late-stage fluids in a 
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granite, but the Paddys River deposits are derived from 
an S-type granite, the Shannons Flat Adamellite, and 
have formed by metasomatic replacement of limestone 
lenses rather than deposition in veins. Again, the 
prospects of finding further deposits of this a~sociation 
are considered to be remote. 

3. Silurian limestone/ lead-zinc association 
Both Gilligan ( 1973) and Ashley & Creelman ( 1976) 

have argued that the Mount Black deposit, on Coole
man Plain, may be a Mississippi Valley-type deposit
that is, it originated from connate brines expelled 
during diagenesis of marine sediments and redeposited 
in a suitable environment in the Cooleman Limestone. 
Ashley & Creelman listed several features of the Mount 
Black deposit which are characteristic of Mississippi 
Valley-type deposits, but they also listed other features 
which are atypical: the presence of quartz as a gangue 
mineral, the lack of dolomitisation, the lack of barite 
and fluorite, and the proximity of igneous rocks. These 
features may indicate hydrothermal modification of the 
Mount Black deposit; indeed, the Jackson Granite, 
which crops out within a kilometre of the mine, is 
enriched in lead compared with similar granitoids in the 
region. 

4. Silurian-Devonian acid volcanic association 
Mineralisation associated with Silurian and Devonian 

acid volcanism consists mainly of stratabound, vein. 
and stockwork deposits; examples arc at Smiths Range 
and Mount Blundell. East of Canberra, at Captains 
Flat and Woodlawn, the Silurian acid volcanics are 
host to massive stratabound sulphide deposits of 
Kuroko-type, which are absent from T ANT ANGARA 
and BRINDABELLA. This is because Kuroko-type 
deposits appear to develop only in a submarine environ
ment, and most of the acid volcanics in T ANT AN
GARA and BRINDABELLA erupted in a subaerial 
environment, where vein and stockwork deposits of 
limited extent arc likely to form rather than massive 
stratabound sulphides. The prospects of finding 
economic sulphide deposits in the two Sheet areas are 
therefore considered remote. 

NON-METALLIFEROUS MINERAL DEPOSITS 

Small sand and gravel deposits in alluvium are 
common along the Murrumbidgee River, but are rare 
on most other rivers and creeks. The main exception 
is on the Eucumbene River near Providence Portal, 
where SMHA removed gravel before the area was 
flooded by Lake Eucumbene. 

Sand and gravel is at present being won from two 
areas in BRINDABELLA (at grid refs. 794988 and 
73311 0), though neither has reserves that are likely 
to last more than five to ten years. Gravel is also 
worked intermittently near Bolairo (grid ref. 666162) 
in TANT ANGARA when local demand warrants it. 
Small amounts of river sand have also been obtained 
at Cusacks Crossing (grid ref. 768027) after major 
floods of the Murrumbidgee River. 

Material for surfacing dirt roads in the two Sheet 
areas has been taken from many small local quarries, 
hut the only substantial deposit-weathered granite 
from the Shannons Flat Adamellite-is at M urravs 
Corner (grid. ref. 770850). Crushed rock aggregate 
is not being produced in either of the Sheet areas 
because large markets are too distant, though a 
large quarry was developed at Traces Knob (grid. ref. 
488366), near Tantangara Dam, to supply aggregate 



for the construction of the dam. Close to Canberra 
suitable material for crushed rock aggregate is available 
from the Laidlaw Volcanics around Surveyors Hill 
(grid ref. 802056) and nearby hills northwest of 
Belconnen. 

Limestone has not been quarried in either of the 
Sheet areas, except for ornamental stone from a small 
quarry in the Taemas Limestone at grid reference 
686240. Large resources arc present in the Coolcman 
Limestone on Cooleman Plain, and in the Taemas 
Limestone at Taemas Bridge and Wee Jasper. Those on 
Cooleman Plain are remote from any market and are 

in a particularly scenic area of the Kosciusko National 
Park, so are economically and environmentally unsuit
able for quarrying. The Wee Jasper and Taemas Bridge 
deposits are more favourably located. Both are prob
ably uneconomic at present. though this may change 
as demand for cement increases and the large Bungonia 
quarries east of Goulburn become worked out. The 
Wee Jasper deposit has a greater thickness of suitable 
massive limestone, mainly in the upper half of the 
Taemas Limestone, though again environmental consi
derations would play an important part in any decision 
to quarry it. 

GEOLOGICAL HISTORY 
The pre-middle Ordovician history of T ANT AN

GARA and BRINDABELLA is unknown and highly 
spe~ulative, since the oldest unit exposed is the Boltons 
beds, an unfossilifcrous quartz-rich distal flysch 
sequence of presumed middle Ordovician age. 
Scheibner ( 1973) and Crook & others ( 1973) have 
both postulated that the southeast Lachlan Fold Belt 
is underlain by ocean-floor tholeiitic basalt, of presumed 
Cambrian or Early Ordovician age, that passes up into 
chert and quartz-rich flysch. In contrast, White & others 
( 1976b) have suggested that the Lachlan Fold Belt 
west of Canberra is underlain by a thick block of 
continental crust, possibly crystalline shield, whose 
eastern margin is marked by the eastern limit of S-type 
granitoids. There is little evidence to support either 
theory at present. Our own work has not provided clear 
evidence for the early history of the Lachlan Fold Belt; 
crustal geophysical work may have to be done before 
the pre-middle Ordovician geology in the belt can be 
explained. 

By the middle Ordovician the region was receiving 
large amounts of quartz-rich, mainly distal flysch 
( Boltons beds) thought to have been deposited in the 
outer part of a large submarine fan. This fan must have 
been about as large as the Bengal Fan (about 3000 by 
1000 km; Curray & Moore, 1971). It is thought to have 
been derived from the south, since Ordovician sedi
mentary rocks in Tasmania are shallow-water deposits, 
and, if the reconstruction of Griffiths ( 1974) is correct, 
northern Victoria Land, Antarctica, could have pro
vided a suitable source for the flysch. 

Late in the middle Ordovician, basic volcanic 
activity commenced, producing rocks which now crop 
out in an elongate north-northeasterly trending zone 
1-etween the Victorian border in the headwaters of the 
Murray River, and Peppercorn Plain (grid ref. 455605) 
in T ANT ANGARA, a distance of about 150 km. This 
activity was almost certainly continuous northwards into 
central New South Wales, where similar volcanic 
activity commenced in the Early Ordovician. This 
volcanic belt was termed the Molong Volcanic Rise by 
Scheibner ( 1973) and the Macquarie Volcanic Belt by 
Webby ( 1976). We use the name Molong Volcanic 
Arc, since it has many of the characteristics of modern
day volcanic arcs. Scheibner ( 1976, p. 162) explained 
that he used the term 'Rise' instead of 'Arc' only 
hecause much of the volcanism was submarine rather 
than subaerial. a distinction we consider unnecessary. 

The Molong Volcanic Arc divided the pre-existing 
large deep ocean basin into two: to the west tbc Wagga 
Marginal Basin (Scheibner, 1973), and to the east the 
Monaro Slope and Basin (Scheibner, 1973). Both con
tinued to receive quartz-rich distal flvsch while volcanic 
activity continued along the intervening volcanic arc. 
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Two types of basic volcanism developed: one similar 
to modern island-arc tholeiitic basalts ( Gooandra 
Volcanics); the other similar to present-day shoshonitic 
lavas (N inc Mile Volcanics). The tholeiitic rocks are 
considered to be the older though evidence is circum
stantial. Similar rocks in some present-day island-arc 
settings are related to concurrent subduction zones, 
but, as discussed above ( pp. 24-26), the presence of 
a subduction zone in the region during the middle to 
Late Ordovician cannot be postulated with any 
confidence. 

An extensive archipelagic apron consisting of chert, 
reworked tuff, and slide breccia (Temperance Forma
tion) developed around the volcanic centres, and passed 
laterally into the quartz-rich flysch being deposited in 
the basins on either side of the arc. Much of the 
volcanic arc appears to have been submarine, but 
coralline limestone accumulated briefly in shallow water 
in the Peppercorn area, and some of the lavas in the 
same area are considered to be subaerial. 

Volcanic activity is considered to have ceased by the 
end of the Gisbornian, the age of graptolites from near 
the top of the volcanics in the Tumut Ponds area 
(KOSCIUSKO). Distal quartz-rich flysch deposition 
in the Wagga Marginal Basin, and in the Monaro Slope 
and Basin ( N ungar beds), continued well into the 
Eastonian. The extinct Molong Volcanic Arc appears 
to have contributed little, if at all, to the detritus, 
suggesting that it remained a mainly submarine topo
graphic feature. By the late Eastonian extensive 
proximal quartz-rich flysch deposits (Adaminaby beds) 
covered the area. The change in style of deposition may 
have been either a progradation of the pre-existing fan 
complex northwards, or derivation of the sediments 
from a more local source as a result of early movements 
of the first Benambran fold episode in northeast Vic
toria; some support for a local source comes from the 
presence of an inner fan facies around Corin Dam, in 
TANTANGARA. 

In the late Bolindian the first Benambran fold episode 
deformed the Ordovician sediments and volcanics. The 
effects of this episode appear to have been slight in the 
east, but became increasingly significant to the west, 
where the Molong Volcanic Arc was exposed and 
eroded, and where considerable movement on the 
Kiandra Fault must have taken place (p. 14). The 
tirst Benambran fold episode also caused the develop
ment in the early Llandoverian of a small trough, 
which we have called the Tantangara Trough, whose 
western boundary against the now uplifted and folded 
Wagga Marginal Basin probably coincided with the 
Kiandra Fault. Evidence for the exact position of the 
r;~stcrn boundary of this trough is Jacking, but an early 
Llandoverian disconformity or slow rate of sedimenta-



tion in the Bredbo area (Hill, 1975 ), in MICHELAGO, 
implies that the boundary cannot have been as far east 
as there. 

A series of submarine fans developed on the western 
margin of the Tantangara Trough, and fed into it 
quartz-rich flysch (Tantangara Formation) derived 
from the uplifted Wagga Marginal Basin; the deposits 
are progressively more distal eastwards. As implied 
earlier. the Bredbo area appears to have been an area 
of non-deposition in the early Llandoverian: apparently 
the tlrst Benambran fold episode had cut off the supply 
of sediment from the south, and the Tantangara Trough 
restricted the supply of sediment from the west. 

In the middle Llandoverian, the second Benambran 
fold episode destroyed the Tantangara Trough. This 
episode folded the sediments of the trough into closely 
spaced but not isoclinal meridional folds. Its effects 
became less intense westwards, and only minor tilting 
is evident east of the Cotter River. 

Sometime during the early to middle Llandoverian 
a high heat flow must have developed within the crust, 
since regional metamorphism occurred over all of the 
southern Lachlan Fold Belt, affecting mainly deeper 
buried rocks. The peak of this event can be dated quite 
precisely in T ANT ANGARA. since it followed move
ment on the Kiandra Fault but preceded deposition of 
the unmetamorphosed upper Llandoverian shelf sedi
ments (Peppercorn Formation). Large-scale anatexis in 
the lower crust accompanied this regional meta
morphism, resulting in vast amounts of felsic magma 
being formed. 

By the late Llandoverian much of the eastern part 
of TANTANGARA and BRINDABELLA formed a 
shallow-marine shelf, which later extended to include 
the Yass-Canberra and Bredbo areas. This feature has 
received a variety of names, including Canberra Rise 
and Canberra-Yass Rise (Scheibner, 1973), Yass Shelf 
(Brown & others. 1968), Molong Geanticline (Pack
ham, 1969), and Molong High (Talent & others, 1975); 
we have referred to it as the Canberra-Yass Shelf. 
Sedimentation on this shelf commenced with basal 
conglomerate, passing upwards in the Cotter valley 
into mature quartz sandstone (Tidbinbilla Formation) 
and in the Cooleman area into tine siltstone (Pepper
corn Formation). Eastwards, possibly near the eastern 
edge of BRINDABELLA and T ANT ANGARA, the 
shelf passed into a trough in which proximal quartz
rich flysch sediments accumulated in the Canberra
Bredbo area. Westwards, a land mass separated the 
Canberra-Yass Shelf from the newly developed Tumut 
Trough (Lightner, 1977), and shed sediments into both. 
Previous authors have considered this Silurian trough 
in the Tumut area to be the southern extension of the 
Cowra Trough (Talent & others, 1975), but Lightner 
( 1977) has demonstrated that they are separate troughs 
arranged en echelon; we have accepted Lightner's 
conclusions. 

Shelf sedimentation in the Cooleman-Tantangara 
area continued virtually uninterruptedly until the close 
of the Silurian; carbonate sediments were a major 
component (Cooleman Plains Group), and acid vol
canic activity was absent. Farther east, in the early 
Wenlockian, the Quidongan fold episode caused minor 
uplift of the eastern edge of the Canberra-Yass Shelf, 
and greater uplift (though still with only gentle fold
ing) of the Yass-Canberra-Bredbo area, which then 
became part of the Canberra-Yass Shelf. Shallow 
marine sedimentation persisted briefly in the Canberra 
area, but was largely replaced during the late Wen-
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lockian by widespread felsic volcanism-mostly erupt
ing ignimbrites-in a subaerial environment that was 
locally inundated by the sea. 

These felsic volcanics were derived from the magma 
generated in the Llandoverian by anatexis in the lower 
crust. At that time, a compressive regime prevented the 
magma from rising into the upper crust, but by the late 
Wenlockian a tensional regime had developed, allow
ing vast amounts of felsic magma to rise. On the 
Canberra-Yass Shelf, the S-type magmas were the tlrst 
to reach the surface (Paddys River and Walker Vol
canics), and were followed in the early Ludlovian by 
!-type volcanics ( Uriarra and Laidlaw Volcanics). In 
the west, only S-type volcanics erupted (Goobarra
gandra Volcanics); they probably continued into the 
Ludlovian. 

In many places the rising felsic magmas intruded 
their comagmatic volcanic piles (as the Murrumbidgee, 
Young, and Gingera Batholiths). In the west, tholeiitic 
magmas (Micalong Swamp Basic Igneous Complex) 
derived by melting in the uppermost part of the mantle 
intruded at about the same time as the granitoids of 
the Young Batholith. The intrusion of S-type granitoids 
was closely followed by 1-type granitoids, which-being 
derived from deeper crustal levels-took longer to rise. 

Volcanism ceased in the Canberra-Uriarra area in 
the early Ludlovian, and this part of the Canberra
Yass Shelf may well have been land for much of the 
remainder of the Silurian, though the sea may have 
extended briefly southwards from the Yass Basin, 
where a marine environment persisted throughout the 
Ludlovian and Pridolian. At times in the Ludlovian the 
sea also extended southwards roughly along the present 
!me of the Goodradigbee River to the Cooleman area. 

The Bowning fold episode, which in the type area 
in Y ASS has been dated as earliest Devonian (Link, 
1970), temporarily arrested marine sedimentation in 
the two Sheet areas. Locally in TANTANGARA and 
BRINDABELLA it caused intense isoclinal folding, 
particularly in the Brindabella Range and southwards 
to the west of Adaminaby. To the east and west of 
this zone, deformation was less intense, resulting in 
broad open folds. 

Soon after the Bowning fold episode, the eruption 
of S-type subaerial acid volcanics (Kellys Plain Vol
canics) in the Cooleman-Tantangara area marked the 
final stage of the Silurian-Devonian volcanic cycle. 
These S-type volcanics were then partly eroded, but 
not folded, before being covered by volcanics erupted 
from two large Devonian stratovolcanoes centred in the 
Cooleman area and near Mount Coree (Mountain Creek 
Volcanics). Concurrent with this volcanic activity a 
large number of comagmatic granitoid intrusions 
(Boggy Plain Suite) were emplaced in a belt from the 
upper Tumut River (KOSCIUSKO) in the south to the 
Yeoval Batholith in the north, a distance of 400 km. 
The spatial relation of this belt of intrusions and vol
canics with the Ordovician Molong Volcanic Arc 
suggests that they are genetically related. The Boggy 
Plain Suite is considered to have derived its charac
teristic chemistry from the incorporation into the 
magma of large amounts of high-potassium basic 
intrusive rocks which underlay the pre-existing arc. 

During the later stages of the eruption of the vol
canics from the Mount Coree centre a restricted marine 
or brackish-water environment developed on the 
northern edge of BRINDABELLA, resulting in the 
deposition of anaerobic black mud (Kirawin Forma
tion). Soon after volcanism ceased, this northern area 



was covered by a sheet of coarse sand and silt (Sugar
loaf Creek Formation) derived from the erosion of the 
Mountain Creek Volcanics to the south, and of the 
Silurian acid volcanics, granitoids, and Ordovician 
flysch to the east. Much of the Sugarloaf Creek Forma
tion in the west appears to have been deposited by mud
flows originating on the sides of the volcano, but 
eastward more normal fluviatile sedimentation took 
place. 

In the later part of the Early Devonian, an open sea 
extended across the northern edge of BRINDABELLA, 
and a subtidal to supratidal carbonate sequence (Cavan 
Limestone) was deposited-presumably on the edge of 
:1 landmass lying to the south and west-over the site 
of the earlier Devonian stratovolcano near Mount 
Coree. Following a brief resumption of brackish-water 
clastic sedimentation (Majurgong Formation), a return 
to a normal marine environment favoured the deposition 
of a mainly subtidal carbonate sequence (Taemas Lime
stone) in which bioherms developed in the Wee Jasper 
area. The full areal extent of this marine incursion 
is uncertain: a marine Devonian sequence of similar 
age at Ravine, west of T ANT ANGARA, may have 
been connected to the Wee Jasper sequence across the 
western half of BRINDABELLA and T ANT AN
GARA; and the sea probably extended east towards 
Canberra, and northeast to Tarago and Lake Bathurst, 
but subsequent erosion has destroyed any evidence of 
sedimentation there. 

Movements correlated with the Tabberabberan fold 
episode brought this marine incursion to a close at the 
end of the Early Devonian. The effects of this event 
in TANTANGARA and BRINDABELLA were slight, 
resulting only in minor uplift, regression of the sea, 
and minor erosion. Elsewhere in the southeast Lachlan 
Fold Belt, however, the effects must have been more 

marked since in the early part of the Middle Devonian 
a thick red-bed sequence of conglomerate, sandstone, 
::nd siltstone was deposited in the Wee Jasper area 
(Hatchery Creek Conglomerate), where-in a t1uvia
tile environment that was intermittently flooded
ephemeral lakes supported a llsh fauna. 

The Hatchery Creek Conglomerate, the youngest 
Palaeozoic unit in the two Sheet areas was deformed 
hy a major fold episode which, hy comparison with 
areas such as the Hill End Trough. is correlated with 
the Carboniferous Kanimblan fold episode (Powell & 
others, 1976). This fold episode resulted in large thrust 
movements and extensive cleavage development along 
the Long Plain Fault in T ANT ANGARA and 
BRINDABELLA, and, probably. wrench faulting along 
the Mount Black and Boggy Plain Faults in TAN
TANGARA. 

The history of the two Sheet areas through the late 
Palaeozoic and Mesozoic is unknown, as no rocks of 
this age are preserved, but both were probably part of 
a landmass, since by the Late Cretaceous a peneplain 
was well developed throughout southeastern Australia. 
In the Tertiary the two Sheet areas were uplifted, first 
during the pre-Miocene, and later during the post
Miocene. During the llrst uplift, the Kiandra Uplift, 
extensive basalts erupted in the Cooma area, southeast 
of T ANT ANGARA, and, between the two uplifts, 
further basalt buried lacustrine deposits on the western 
edge of the two Sheet areas, from Kiandra to Wee 
Jasper. The second uplift, the Kosciusko Uplift, has 
continued to the present day (Cleary & others, 1964). 
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During the Pleistocene Ice Age, extensive slope
masking colluvial deposits accumulated in a periglacial 
environment. Since then, small alluvial deposits have 
been accumulating along many of the watercourses. 
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APPENDIX 1 

ANALYTICAL PRECISION AND ACCURACY OF GEOCHEMICAL ANALYSES 

Precision 

All the geochemical results presented in Appendix 2 were determined 

at M~DEL between 1972 and 1977. During this time, M1DEL analysed replicates 

of a mafic rock (sample 71840485) and a felsic rock (sample 71840257) with 

batches of other samples. Ten replicates of 71840485 and six replicates of 

71830257 were analyse(,. The precision can be judged by the mean, standard 

deviation, and percentage error of these analyses tabt:.lated below. 

Sam_p].e 71840485% % error Sample 71840257 % % error 

SiO 49-48 ~ 0.47 1. 0 69.86 .:. 0.40 0 .. 6 
2 

'rio 0.74 + 0.03 4. 1 0.36 .1- 0.01 2.8 
2 

Al 0 14 .. 73 + o .. 11 0.7 13.92 + 0.10 0.7 
2 3 

Fe 0 2.84 ~ 0.44 1 : •• 5 1.00 ~ 0.14 14.0 
2 3 

FeO 7. ·15 + 0.36 4.8 2.23 .:. o.o9 4.0 

FeO total 10.07 ~ 0.19 1;9 3.13 .:!:: 0.07 2.2 

MnO o. 16 + 0.01 6.3 0.04 + 0.01 25.0 

MgO 6.23 + 0.08 1.3 1.94 .:!:: 0.04 2~1 

CaO 8. 41 ~ 0.23 2.7 0.79 ~ 0.03 3.,8 

Na 0 3.29 + 0.06 1.8 4.29 .:::_, 0,.06 1.4 
2 

K 0 2.07 ~ 0.04 1.9 3-18 .:. 0.04 1 • 3 
2 

p 0 0.33 + 0.02 6. 1 0.08 + 0.01 12.5 
2'5 

H 0+ 3.16 ~ 0.15 
2 

4.7 1.79 + .).18 1 G. 1 

H 0- 0.18 + 0.08 44.4 0.16 .:!:: 0.05 31.3 
2 

co 0.14 ::. 0.03 21.4 0. 11 + 0.01 9. 1 
2 



! .,. 

2 

Sa.,lple 71840485 ppm % error Sample 71840257 ppm % error 

Cu 171 + 26 15.2 18 + 11 61.1 -
Zn 109 + - 21 19.2 61 + 12 19-7 -
Co =~6 + 8 22.2 9 + 4 44-4 - -
Ni 26 + 6 23.1 20 + 4 20.0 -
Cr 97 + 29 29.9 19.5 + 11 5-7 - -
v 394 + 117 29.7 80 + 10 12.5 - -
Ba 580 + 47 8.1 570 + 37 6.5 - -
Ge 31 + 14 45.2 56 + 9 1 6. 1 - -
La 15 ~· 5 33-3 25 + 7 28.0 - -
Pb 7 + 4 57. 1 220 + 15 6.8 - -
Rb 45 + 3 6.7 98 + 2 2.0 - -
Sc- 737 + 22 3.0 138 + 5 3.6 - -
Th l'ill 10 + 4 40.0 -
u ND ND 

Zr 46 + 8 17.4 122 + 7 5.7 - -
y 17 + 3 17.6 16 + 2 12.5 - -

.Nb ND ND 

ND Below detection limit 

This table shcr;;s that the preci'sion of the major-element determination 

is good except for Fe 0 , FeO, MnO, P 0 , water, and CO • Feo total 
2') 25 2 

is good despite the lower accuracy of Fe 0 and FeO. The precision of the 

trace-element determinations is not so g~o~: all t·ransition metals have a large 

relative error; only Ba, Rb, and Sr have reasonable re:lative errors for both 

r,•amples, and Pb and Zr are reasonable for sample 71840257; ano the errors for 

all other trace eiements are too large for petrogenetic conclusions to be drawn 

from their abundances. 
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Accuracy 

In order to determine accuracy, BMR standards were sent to A.MD.EL for 

analysis. A couparison of three standards SS1, SS3, and SS5 is tabulate~ 

below. 

SS1 SS3 SS5 

BMR AIVIDEL BMR AMDEL BMR AMDEL ·---

SiO 66.84 66.54 49.28 48.59 75.87 76.16 
2 

TiO 0.56 0.55 1 • 21 1.19 o.o9 0.10 
2 

Al 0 15.24 15 .1 5 
2 3 

16.43 16 .16 12.40 12.40 

FeO total 3. 31 3-24 9-39 8.96 1. 07 1.04 

MnO 0.06 0.06 0.17 0.16 0.03 0.03 

MgO i oO 1.55 7-67 7.58 0.24 0.14 

CaO 3.10 3.06 11 • 71 11 • 47 0.70 0. 71 

Na 0 3-?0 4.11 
2 

2.32 2. 57 3-40 3-23 

K 0 3.11 3.18 0.12 0.15 5-28 5-43 
2 

p 0 0.14 0.15 0.12 0.12 0.02 0.03 
2 5 

Loss on 1. 79 1.9! 1.22 1.84 0-43 0.60 

ignition 

Cu 20 22 68 80 4 
j 

Zn 106 128 86 100 12 30 

Ni i4 16 90 94 9 14 
~ 

Cr 35 20 271 270 255 240 

v 62 90 234 300 5 10 

Ba 640 720 27 20 126 140 
Pb 27 30 11 10 25 24 

Rb 143 'l40 4 5 306 300 

Sr 359 360 1 9'1 190 28 28 

Th 23 20 ND ND 41 40 

u 4-7 4 0.3 ND 11 12 

Zr 180 180 88 85 93 85 
y 18 12 25 24 48 40 

Nb 9 4 2 ND 16 12 
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The conclusions drRJm from this table are somewhat similar to 

those dra~m from the previous table. The Al\1DEL and BMR results for most major 

elements, Ba, Rb, Sr, and Zr are close, but there are large discrepancies 

between the dual analyses for some of the trace transition metals. 
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APPENDIX 2. TABLES OF Al-IALYSES 

In the following tables, we have abbreviated many names so that they 

fit conveniently into the narrow, uniform Width of the columns. Though the full 

names of many of these abbreviations will be evid :mt from the main text (e.g., 
1 f1c1a ughlin Granodr 1 1s the McLaughlins Flat Jranodior~- te, and 1 B .P. Suite' is 

the Boggy Plain Suite), we have presented below a key to the abbreviationR we 

have used for the names of minerals and rock types, and for descripti·,re terrnf' ,. 

Minerals 

act - actinolj te 

alb - albite 

biot - biotite 

cpx - clinopyroxene 

ep - epidote 

hbl - hornblende 

Rock types 

amphib - amphibolite 

gbro - gabbro 

granodr- granodiorite 

hblite - hornblendite 

Descriptive terms 

anorthos - anorthositic 

con tam 

cryst 

- contaminated 

- crystal 

01 - olivine 

opx - orthopyroxene 

plag - plagioclase 

pyx - pyroxene 

qtz - quartz 

leucoadam - leucoadamellite 

leucogran - leucogranite 

microdr 

monzodr 

a 

- microdiorite 

- monzodiorite 

granophyr - granophyric 

int - intrusive 

porph - porphyritic 
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Table Al: GOOANDRA VOLCANICS 

Sample no. 71840385 71840510 72841008 76840010 76840011 76840029 76840071 
Rock Type albitised albitised alb.ep.act albitised albitised albitised pillow 

dolerite rhyolite basalt basalt andesite basalt lava 
Grid reference 369435 379381 376361 378448 369417 383464 337327 
1 :100 000 sheet Tantangara Tantangara Tantangara Tantangara Tantangara Tantangara Yrrrangob. 

SiO., 
-~~ 

51.60 72.34 56.88 54.27 58.31 52.57 52.19 
Ti02 0.83 0.37 1.03 1.02 1.06 0.91 0 .. 62 
AJ203 16.40 14.58 15 .. 37 14.84 14.53 15 .. 50 16.55 
Fe2 o3 1.80 2ol4 1.94 1.54 5.00 0.96 3 ,,44 
FeO 5.90 lo20 6. 50 7 .. 25 4 .. 15 8.05 4.,05 
Mno·. 0.14 0.03 0.15 0.31 0.27 0.42 0.13 
MC)O 6.95 0.11 4.21 6 .. 38 2.66 6.72 5.41 
CaO 9.25 0.28 5.86 5.51 3.86 4.82 11.05 
Na.,o 4.05 . 7. 88 4.25 4.82 7.24 5.50 3.20 

~~ 

K2 0 0.32 0.13 0. 46 0.21 0 .. 75 0.41 0.17 
P205 0.10 0.08 0.16 0.11 0.11 0.10 0.09 
H-,0+ •'t!J 1.98 0.19 2.54 2<>95 0.95 2.99 2.51 ... 
H2 o- 0.22 0.07 0.18 0.24 0.15 0.19 0 .. 13 
C02 0.15 0 .. 10 0.05 0.05 0.70 0.50 0.35 
TOTAL 99.69 99.50 99.58 99.50 99 ,.7'4 99.64 99.89 

Ba 153 170 60 120 140 <5 
Rb 12 3 8 

.., 
20 11 5 I 

Sr 218 60 300 140 120 140 180 
Pb 6 51 <2 38 <2 R <2 <2 
Th <4 <4 <4 <4 <4 4 <4 
u <4 6 4 <4 4 <4 <4 
Zr 84 210 85 75 7fl 60 38 
Nb <4 <4 <4 <4 <4 <4 <4 
y 19 24 24 24 30 18 14 
La 21 16 20 <10 <10 <10 <10 
Ce 28 18 <10 <10 <10 <10 <10 
v 200 55 220 250 300 240 240 
Cr 10 30 25 20 10 140 
Co 36 10 20 <2 <2 <2 <.?. 
Ni 50 <5 12 14 6 22 so 
cu. 79 16 56 4 22 2€ 82 
zn 82 84 140 148 85 430 79 

,, 
:..::: :c-;.-=·-.o.:..:.:.-
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Table A2: NINE HILE VOJ ... CANICS 

Sample no. 70840037 7184001.1 71840057 71840240 71840277 71840283 71-840296 71840297 71840334 71840390 
Rock Type ol. cpx. opx. cpx. cpx. fragmental opx9 hbl.cpx. quartz fragmental •poDph.plag 

monzonite hbll te monzonite monzonite tuff ITJonzoni te basalt monzodr. tuff basalt 
Grid reference 428547 378279 388288 421363 475413 412363 409386 407393 468449 4 5 66 01 
1:100 000 sheet Tantangara Tantangara Tantangara T3n~angara Tantangara Tantangara Tantangara Tantangara Tantangara Tantangara 

Si02 50.08 40 o2 Q 50.20 50.30 49.76 51.00 52.37 59.50 48.80 53.49 
•r.i02 0.53 1.18 0.41 0.45 0.83 0.52 0.59 0.35 0.80 0.55 
Al203 13.22 15 .. 60 11.20 11.10 12.62 13.90 17.50 18.20 12.SO 17.31 
Fe2o3 3.24 7.50 3. 25 2.35 2.01 1.35 1.24 1.90 3~40 3.49 
FeO 6.85 7.20 6.70 7.15 7.05 7 .. 50 6.75 3.10 7.45 4.45 
MnO 0.19 0.28 0.21 0.22 0.23 0.20 0.18 Oal4 o. 20 0.16 
.?~gO 7.63 6.90 9 .. 40 9.90 8 .. 49 7.20 4.56 2 .. 40 8~05 4.15 
CaO .8.85 15.70 12.90 11.90 9 .. 10 9.00 6.20 5.55 9.05 4.09 
Na?O 1.81 0 .. 76 1.29 1.29 3.66 2.30 3.84 3.95 2.65 4.01 ,_ 
K20 4.34 1.24 2 .. 35 2.45 1e66 4.00 3.55 2.85 2.30 4.68 
P205 0 .. 38 0 .. 76 0.30 0.34 0.27 0.45 0.27 0.24 0.31 0.44 
H20+ 2.27 1.93 1. 45 2.05 2.17 1.88 1.90 1.26 2.80 2.39 
H2o- 0.05 0.13 0.09 0.06 0.34 0.11 0.18 0.05 0.36 0.19 
co2 0.15 0.20 0 .. 25 0.15 0.95 0.10 0.05 0.10 o. 65 0.05 
TO'rAL ~~9.59 99.58 100.00 99.71 99.14 99.51 99.18 99 .. 59 99.72 99.45 

Ba ~~200 550 1130 900 900 1630 1500 760 620 940 
Rb 65 30 34 30 34 60 65 42 34 110 
Sr 690 1160 575 560 410 720 640 1050 330 720 
Pb 6 4 6 4 4 <2 <2 <2 190 6 
Th <4 <4 4 <4 <4 <4 <4 <4 <4 <4 
.U 4 <4 <4 4 <4 <4 <4 <4 <4 4 
Zr 30 <5 12 24 55 26 38 48 26 46 
Nb 6 <10 <10 <5 <4 <10 <10 4 <4 4 
y 12 20 10 12 18 25 18 12 14 16 
L,a <10 20 10 <10 <10 20 <10 <10 <10 <10 
C1? <lD <10 <10 50 30 10 <10 so 20 <10 
v· 580 2q5 280 400 280 140 355 370 

· · Cr 470 15 45 ~lJ 390 42 45 30 15 
,C6 76 25 15 30 22 8 30 <5 
Nj 80 . 18 22 45 152 22 18 8 42 10 

i Cu 210 290 100 170 66 170 114 10 75 122 
Zn 215 45 28 45 162 45 112 30 65 104 

. ' 
. ' 

'· 
;. 
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Table A2: NINE MILE VOLCANICS (.cont. ) 

Sample no. 71840485 71840490 71840492 71840498 71840501 71840506 71840529 72840264 
Rock Type cpx.plag. ol.plag. cpx.ol. ol. opx. ol ... cpx. ol.opx. fragmental hb1.gtz. 

basalt basalt basalt monzodr .. monzodr. monzonite tuff monzodr. 
Grid reference 457601 479610 4 71614 491624 -191624 392408 456604 344232 
1:100 000 sheet Tantangara Tantangara Tantangara Tantangara Tantangara Tantansrara Tantangar.a Yarrangob .. 

Bi02 49.49 50.10 49.69 50.60 50.60 50.60 49.20 58.27 
Ti02 0.73 0.51 0 .. 45 0.53 0.52 0.46 1.12 0.46 
Al 2o3 14.71 13.80 12.05 11.90 11.90 13.00 14.6 0 18.10 
Fe2o3 2.48 1.90 3 .·18 1.85 I. 85 2.80 5.40 I. 80 
FeG, 7.70 8 .. 85 6. 50 7.I5 7.20 6.6 0 7~30 3.93 
MnO 0.16 0.18 0,17 0.15 Q,.I6 0 ·> 20 O.I7 0.12 
MgO 6.30 6.85 8 .8 8 9.35 9.35 8.20 6.20 2.28 
CaO 8.61 8.30 9.10 10.70 10.70 10.20 6.65 6.63 
Na2o 3.19 1.89 1.52 2 ·' 35 2 .. 35 2.00 2.6 0 3.80 
K2 0 2.08 3.90 4.,17 1.57 1.59 3.10 3 .. 05 2.61 

P205 0.32 0.41 0.35 0.24 0.25 0.37 0.36 0 0 30 
H2 0+ 3.10 2.80 2.50 2.70 2.70 2.30 2.80 1 .. 11 
H2 0- 0.10 0.30 0.35 0.29 0 .. 22 0.03 0.30 0.20 
co2 0.15 0.35 0. 50 0.20 0 .. 25 0.15 0.20 O.IO 
TOTAL 99~12 lOO.I4 99.4I 99.58 99.64 lOO.OI 99.95 99.71 

Ba 623 1120 1200 540 632 950 720 880 
Rb 43 60 75 24 21 48 48 46 
Sr 768 720 340 590 677 875 900 1150 
Pb 4 6 <2 4 4 6 8 4 
Th <4 <4 <4 <4 <4 <4 <4 4 
u <4 <4 <4 <4 <4 <4 4 4 
Zr 43 IO 24 22 34 19 22 60 
Nb <4 <4 <4 <4 <4 <4 <4 <4 
y 16 15 10 15 I2 10 20 12 
La <10 <10 <10 <10 22 <10 10 <10 
Ce 24 10 <10 20 10 20 10 20 
v 335 280 230 200 
Cr 40 350 55 10 

.... Co 43 28 <5 25 43 20 so <5 
Ni 22 18 58 38 64 30 25 6 
Cu 175 130 110 110 118 115 90 28 
Zn 115 65 106 55 106 45 90 62 
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Table A3: GINGERA BATHOLITH 

Sample no. 71840319 71840S38 72840024 728400:26 72840048 72840050 72840087 72840088 72840089 72840090 
Formation Half Moon minor int. HcLaughlin McLaughlin Half Moon Half Moon McKeahnie Unnamed Unnamed Unnamed 

Pk.Adam. S-Ty;pe Granodr. Granodr. Pk.Adarn. Pk.Adam. Acarnellite intrusion intrusion intrusion 
Rock ':l:'ype biotite qtz.plag. biotite biotite biotite biotite biotite leuco- leu co- gtz.plag. 

adamellite porphyry g:L"anodr. granodr. adamellite adamellite adamellite granite granite porphyry 
Grid reference S91388 580518 597219 5.19257 612437 619447 611614 630651 645542 641559 
1:100 000 sllee t Tantangara Tantangara Tantangara •rantang?.ra Tantangara Tantangara Tantangara Tantan.gara Tantangara Tantangara 

Si02 69.70 69.40 68.70 68.50 72.30 7.2.90 71.80 76.70 76.,60 70.70 
TiO~ 0.68 0.55 0.66 0.70 0.40 0 ,, 4 2 0.42 0.06 0.06 0.53 
A1~,o3 14.40 14.10 13.90 14.00 13.60 13.10 14.00 13.10 13.50 13?90 ,.,. 
Fe2o3 0 .. 67 0. 65 0.48 0.64 0.6 2 0.71 0 .. 41 0.17 0 .. 21 0 .. 67 
FeO 3.55 3560 3.85 3.90 2,.15 2.50 2.60 0 .. 50 0.36 2.60 
MnO 0 .. 07 Oe05 0.05 0.07 0.05 o .. os 0. Of: 0.02 0.01 0.04 
MgO 1.79 1.46 2.55 2.35 1. 08 1.16 1.38 0 .. 17 0.13 1.27 
CaO 1.89 1.51 3.35 3.25 2. 2 5 2 .. 05 1.75 () .. 68 0.82 2.30 
Na2o 2.25 2 .. 25 3.05 2.70 2.55 2.50 2.45 2.95 2.90 2.50 
K20 3.40 4.15 1.48 2.00 4.05 3.6 5 4.10 4.65 4 .. 65 3.95 
P205 0 .. 14 0.19 0.13 0.14 0.11 0.12 0.!2 0.12 Oe12 0.11 
H20+ 0.69 1.57 1.71 1.68 0.72 0.61 0.83 0.71 0.23 0.91 
H20-· / 0.33 0 .. 11 0.17 0.14 0.16 0.17 0,03 o.o5 o.os 0.05 
co2 0.15 0.40 0.05 <0.05 0.05 0.05 0.05 0 .. 10 0 .. 05 0.05 
TOTAL 99.71 99.99 100.13 100e07 100.09 99 .. 99 lOD,.OO 99.98 99.69 99.58 

Ba 700 840 340 420 560 510 520 60 45 700 
Rb 175 160 75 80 195 185 215 340 320 195 
Sr // 145 160 220 180 120 115 110 26 22 130 
l!b 34 10 150 40 36 40 135 42 50 155 
Th 16 18 14 14 16 12 14 4 4 12 
u 4 6 4 4 4 4 4 8 10 6 
Zr 160 190 160 190 115 130 120 38 36 170 
Nb 10 6 <4 4 <4 <4 <4 10 <4 <4 
y 35 36 30 30 40 30 32 10 30 45 
La 60 30 60 30 40 40 40 <10 <10 50 
Ce 70 90 70 70 60 70 40 <10 <10 90 
v 75 95 10 
Cr 70 60 12 45 45 48 48 28 35 
Co 12 15 15 12 5 8 5 <5 <5 10 
Ni 25 2" 28 25 8 8 12 <5 <5 12 
Cu 15 18 2 18 5 5 8 5 8 5 
Zn 60 45 40 50 38 40 45 5 8 35 
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Table A3: GINGERA BATHOLITH (.cant. ) 

saniple no. 72840092 72840093 72840094 72840095 72840096 72840286 73840024 73840474 74840078 
· Format io:r. Ginini Ginini Birnberi McKeahine McKeahnie McLaughlin Bendora McLausrlin Bendora 

Leucoadam. Leucoadam. Leucogran. Adamellite Aoamel~ite Granodr. Granodr. Granodr. Granodr. 
Rock Type leu co- leuco- leuco~- biotite biotite bl.otite biotite biotite granodr. 

granite adamellite granite adamellite adamel~i te: gri:.<nodr. granadr. granodr. porphyry 
Grid reference 619653 624617 620522 612579 605553 576145 649791 552167 620788 
1:100 000 sheet 'l'antangara Tantangara Tantangara Tantangara Tantangara Berridale Brind. Tantangara Br.ind. 

Si02 75.40 72e90 75.60 71.30 71o00 67.80 70.44 67.98 70.07 
Ti02 0.16 0.29 0.13 0.53 0.53 0. 6 7 0.50 0.58 0.53 
Al 2o3 13.30 13.70 13.60 14.00 13.90 14.70 14.29 14.42 14.53 
Fe2o3 0.23 0.54 0.32 C.56 0.56 0.45 0.46 0.47 0.23 
FeO 1.15 1.75 0.79 2.55 3.05 4.20 3.33 3.95 3 .. 18 
l1n0 0.05 0.05 0.06 0.06 0. 06 0.07 0.06 0.07 0.04 
NgO 0.47 0.85 0.19 1.28 1.50 2.10 1.44 2.13 1.53 
CaO 0.95 1.68 0.50 2.00 2.30 2.75 lft84 2.54 2.62 
Na2o 2.60 2 0 70 2.75 2 .. 05 2.30 2.15 3.14 2.15 2. 32 
K20 4.65 4.05 4.75 4.30 3.45 3.60 2 .. 71 3.35 3.60 
P205 0.11 0 .12_ 0.13 0.12 0.12 0.14 0.12 0.14 0.06 
H?O+ 0.85 0.96 0.65 0.90 0.96 1 .. 03 1.05 1.14 0.82 ... 
H2o- 0. 09 0.02 0.09 '0. 08 0. 06 0.17 0.11 0.10 0.08 
co2 <0.05 0.05 0.05 0.05 <0.05 0.05 0.10 Oe05 <0.05 
'l,OTAL 100.01 99.66 99.61 99.78 99.79 99.88 99.59 99.07 99.61 

Ba 200 362. 100 493 518 620 400 460 900 
Rb 290 299_ '• 355 216 180 180 140 150 160 

·"sr 50 91 30 109 130 135 110 120 190 
Pb 38 25 50 28 36 65 24 16 12 
Th 8 12 <4 13 13 20 20 16 22 
u <4 5 4 <4 4 <4 18 4 4 
Zr 55 113 32 148 171 145 190 200 200 
Nb <4 <4 <4 <4 4 10 5 <4 4 
y 20 25 10 26 32 30 35 .30 30 
La 20 45 <10 54 36 60 30 40 70 
Ce 20 38 10 50 65 70 70 70 80 
v 45 60 75 123 108 120 
Cr 45 55 10 25 40 65 50 
Co <5 11 <5 8 12 15 8 8 8 
Ni <5 2 <2 10 11 25 20 28 4 
Cu 2 7 2 23 15 20 20 24 10 
Zn 20 40 30 61 68 70 63 55 37 
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Table A4: KOSCIUSKO AND YOUNG BATHOLITHS 

Sample no'" 71840175 7184u20? 71840203 71840235 71840380 71840429 ,73840147 73840150 73840286 73840368 
Formation Gang Gang Lucas C k. Gang Gang Lucas Ck. SpicersC k. minor int .. Gang Gang Gang Gang Brok.Cart Brok.Cart 

Adamellite Granite Adamellite Granite Adame1li te S-Type Adamellite Adamellite Granodr. Granodr. 
Rock Type sodic leuco- leuco-· biotite biotite qtz. p1ag. biotite biotite biotite biotite 

leucogran. granite granite adamellite adamellite porphyry adamellite adamellite granodr. granodr. 
Grid reference 438227 468217 461247 458176 382527 436431 410188 381168 419860 41391.7 
1:100 000 sheet Tantangara Tantangara Tantangara Tantangara Tantangara Tantangara Tantangara TantangarCJ Br ind. Brind .. 

Sio2 78.20 74.00 76.31 71.40 69.00 67.00 75.23 75.42 69.61 68 .. 81 
TiO? 0~04 0.19 0.02 0.48 0.72 0.68 0.10 0.07 0.56 0.52 .. ]\ . 0 ...-.d2 3 13.20 13.90 12.96 14.00 13.80 14.50 13.06 13.31 14.15 14.37 
Fe., C~1 ' ..;. 

0.35 0.55 0.54 0.36 0.77 0.50 0 .. 19 0.31 0.72 0.15 
FeO 0.37 1~39 0.55 2.80 3.60 4.05 0.95 0.93 3.42 3.75 
MnO 0.01 0.05 0.05 0.05 0.13 0.08 0 .. 02 0.04 0.06 0.06 
MgO 0.14 0.64 0.07 1.17 1.47 2.10 0.33 0.24 1.37 1.66 
CaO 0.18 0.98 0.18 1.76 2.60 2.10 1.29 0.88 2.67 2.34 
Na2o 5.80 2.90 3.30 2.4.5 2.75 2. 6 0 3.53 3.50 2.80 2.42 
K2 0 0.83 4.70 4.56 3.95 3.10 3. 85 4.04 3.98 3.27 3.37 
P205 0.05 0.11 0.07 0.12 0.07 0.13 0.03 0.05 0.11 0.11 
H2 0+ 0.39 0.46 0.75 0.82 1.52 1.94 0.33 0.52 0.81 1.07 
H1 0- 0.29 0.22 0.03 0.28 

J:. 
0.28 0.09 0.07 0.08 0.03 0.03 

C02 0.15 0.10 0.20 0 .• OS 0.12 o.os <0 .. 05 0.05 0.05 0~05 

TOTAL 100.00 100.19 99.59 99.69 99.93 99.6 7 99 .. 17 99.38 99.63 98.71 

Ba 140 3.50 180 530 620 560 520 500 560 520 
Rb 34 250 275 205 155 160 170 180 140 160 
Sr 160 65 38 105 155 160 100 95 140 135 
Pb 6 160 24 140 20 22 24 30 18 18 
'rh 8 12 8 14 12 20 12 14 16 16 
u 4 4 6 <4 <4 6 8 6 <4 <4 
Zr 55 90 40 150 170 210 70 60 180 220 
Nb <10 <4 <4 <4 <4 12 4 <4 5 
y 30 50 30 30 30 32 30 30 30 40 
La 20 20 <10 40 50 30 40 40 30 20 
Ce 30 40 10 60 70 100 50 30 60 70 

·. v 5 110 100 93 
cr· <5 <5 15 35 50 
Co <S <5 <5 8 10 15 <5 <5 14 10 
Ni <S 5 10 12 15 20 6 4 8 20 
Cu 2 2 8 15 18 15 4 8 14 35 
Zn 5 25 58 55 55 70 32 30 47 47 
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Table AS: KELLYS PLAIN VOLCANICS 

Sample no. 7184024:; 71840247 71840250 71840257 71840258 71840440 71840449 71840450 72840086 7 584 028 3 
Rock Type albitised albitised K-metasom a1bitised albitised dacite dacite a1bitised a1bitised cord ier i te 

dacite dacite dacite dacite dacite porphyry tuff dacite dacite dacite 
Grid reference 470363 470354 474359 4 78410 481402 567545 50 8515 571550 489366 500431 
1:100 000 sheet Tantangara Tantangara Tantangara Tantangara Tantangara Tantangara Tantangara Tantangara Tantangara Tantangara 

Sio2 7 5. 08 . 74.90 79.20 69.60 73.70 70.60 69.30 72.20 67.70 68v76 
Ti02 0.39 0.45 0.25 0.35 0.30 O.G4 0.66 0.46 0.63 0.65 
A12o3 12.27 12.50 10.30 14.08 14.20 14.40 13~90 12.90 14.10 14.34 
Fe?. o 3 1 .. 09 1.03 0.81 1.09 0.31 0.80 0.75 0.65 0.57 0.69 
F.ei.; 1.40 1.43 0.59 2.20 1,61 2.35 4.30 2.60 3.70 3.75 
MnO 0.05 0.05 0.01 0.04 0.02 0.06 0.08 0.05 0.07 0.05 
r~go 1.11. 1.13 0.30 1.92 L. 09 1.27 2.30 1.05 2.55 1.82 
CaO 0.16 0.14 0.12 0.80 0.14 1.40 2.60 1.55 0.51 2.38 
Na2 o 3.50 3. 6 0 0.77 4.20 6.55 1.56 2.85 2.80 2.65 2.10 
K20 3.13 3.15 6.10 3.17 0.36 5.30 1.60 3.55 4 .. 85 3.44 
P205 0.09 0.09 0.06 0.07 0.07 0.14 0.12 0.12 0.13 0.13 
H20+ 1.46 1.12 0.18 1.57 0.90 1.20 1.18 1.17 2.35 1.07 
H2 o- 0.10 0.44 0.48 0.15 0.84 0.20 0.16 0.4 9 0.14 0.17 
co2 <0.05 0.18 0.13 0.13 0 .. 12 0 .. 25 0.10 0.10 0.15 0.10 
TOTAL 9S.83 100.21 99.90 99.37 100.21 100.17 99.90 99.69 100.10 99.45 

Ba 600 480 1400 620 520 730 390 640 750 640 
Rb 95 90 205 98 26 280 90 . 140 200 160 
Sr 55 60 34 144 54 130 210 140 85 130 
Pb 26 30 10 200 90 24 20 28 70 30 
Th 20 16 10 12 12 12 16 12 12 18 
u 4 4 4 <4 <4 4 <4 <4 4 4 
Zr 200 200 105 120 110 170 190 145 170 200 
Nb <4 <5 <4 <4 10 <4 <4 <4 10 <4 
y 34 34 25 17 20 30 30 30 30 30 
La 30 <10 30 36 40 50 40 40 50 20 
Ce 50 50 30 52 50 60 70 70 80 80 
v 65 40 80 80 
Cr 90 42 45 50 
Co 8 10 <5 11 <5 12 15 5 10 <2 
Ni 14 10 <5 21 5 20 18 15 20 10 
Cu 8 5 5 16 2 25 18 25 20 18 

' zn 55 35 15 55 30 45 75 48 100 79 
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Table A6: GOOBARRAGANDRA VOLCANICS 

Sample no. 71840378 71840382 71840527 71840528 71840532 71840549 71840557 71840560 71840563 72840120 
Rock Type dacite albi tised alb i tized dacite dacite a1bitised a1bitised albitised albitised dacite 

porphyry dacite dacite porphyry porphyry · rhyolite dacite dacite dacite 
Grid reference 3 74 528 405535 349506 412547 469640 371459 372467 363477 3 55489 375895 
1:100 000 sheet Tantangara Tantangara Yarrangob. Tantangara Tantangara Tantangara Tantangara Tantangara Yarrangob. Brind. 

Si0 2 70.10 69.00 69.70 67.60 70.80 74.72 69.61 69.67 70. 74 6 9. 30 
Ti0 2 0.68 0.66 0.57 0.72 0.42 0.25 0.58 0.50 0.46 0.60 
Al 2o3 13.60 14.0 0 12.80 14.10 13.80 12.23 13.35 13.61 12.29 14.00 
Fe2o3 0.79 0.75 1.50 1.00 Oe65 0. 6 9 0.69 0.37 0.60 0.95 
FeO 3.15 3.70 2.6 5 4.05 2.85 1.4 5 3.3 0 3.20 3. 4 5 3.20 
MnO 0.12 0.07 0.09 0.07 0.10 0.03 0.06 0.06 0.04 0.07 
MgO 1. 4 5 2.20 1.08 2 .• 25 1. 26 1.09 1.55 1.36 0.99 L, 75 
CaO 2.25 1.62 1.57 2.15 10 8 6 1.37 1.8 9 0.78 0.75 2.95 
Na 2o 2.8 0 3~25 4.25 2o90 2.55 2.90 2.8 3 3.55 2.98 2. 6 0 
K"O <.. 

3.05 2.45 2.65 2.30 3.00 2.66 3.48 4.41 5.39 2.8 5 
P205 0 .. 07 0.13 0.11 0.14 0.10 0.02 0.11 0.11 0.10 0.12 
H20+ 1.18 1.96 1.52 2.00 1.52 1.57 1.79 1.47 1.56 1.29 
H20- 0.34 0.14 0 .. 22 0. 30 0.24 0.01 0.01 0.01 0.10 0.11 
co 2 n.2o 0.10 1.10 0.05 0.55 0.65 0.15 0.10 0.45 0.10 
TOTAL 99.78 100.03 99.81 99.63 99.70 99.64 99.4 0 99.20 99.90 99.89 

Ba 700 555 800 580 690 520 740 860 840 580 
Rb 10 0 102 125 85 90 135 155 140 195 150 
Sr 175 152 130 200 215 240 220 90 60 155 
Pb 10 31 8 18 18 12 16 18 20 75 
·rh 12 15 10 14 8 18 18 14 16 16 
u <4 <4 4 <4 <4 6 4 4 4 <4 
zr 170 206 180 170 160 220 290 180 180 155 
Nb <4 <4 <4 <4 <4 <4 <4 <4 10 <4 
y 30 29 28 30 30 165 34 44 28 30 
La 40 51 50 50 40 90 70 40 30 50 
Ce 60 73 60 70 70 60 90 70 60 60 
v 90 10 3 35 140 108 135 
Cr 42 
Co 5 16 12 12 5 <5 10 8 4 12 
Ni 8 24 30 25 8 14 26 28 32 15 
Cu 2 20 8 22 15 14 16 14 12 8 
Zn 20 91 84 65 48 48 60 71 100 55 
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Table A6: GOOBARRAGANDRA VOLCANICS (cont.) 

·,Sample no. 73840369 73840370 73840371 73840372 73840375 

Rock Type porph. cordierite opx. albitised porph. 

dacite dacite dacite dacite dacite 

Grid reference 496970 5179 66 512994 529032 397217 

l:IOO 000 sheet Brind. B,r ind" Brind. Brind. Brind. 

Si02 68.28 69.62 66.18 70.53 71.72 

Ti02 0.58 0.53 '0.78 0 .. .54 0.43 

A12o3 14.03 14.14 13.99 13.46 13.88 

Fe2o3 0.83 0.47 0 .. 59 0.61 0.48 

F'=O 3.44 3.44 5.05 3.42 2.77 

MnO 0.07 0.06 0.10 0.06 0.02 

MgO 1.43 1.03 1.97 2.00 1.13 

cao 3.05 2.52 3.62 0. Oll8 2.57 
'' 

Na2o 3.00 2.50 2. 86 2.10 2 .. 56 

K2 0 2.74 3.35 1.91 5.05 3.53 

P205 0 .. 12 0.12 0.15 0.12 0.09 

H2 0+ 1.53 1.38 1.63 1.44 0.49 

H2 0- 0.05 0.08 0.11 Q,.lO 0.07 

co2 0.05 <0.05 0.05 0.15 o.o1 
,TOTAL 99.20 99.24 98.99 100.06 99.75 

· Ba 480 520 600 740 520 

Rb 115 125 50 210 130 

Sr 150 150 180 65 125 

Pb 14 20 10 14 20 

Th 14 14 8 12 14 

u 4 4 <4 4 6 

Zr 200 200 210 170 180 

Nb <4 <4 5 <4 <•4 
I 

y 30 30 30 30 30 

La 20 30 30 40. 30 

· Ce 50 70 60 70 70 

v 113 100 155 98 93 I C,r 35 35 40 30 35 

Co 12 10 12 8 10 

Ni 13 15 20 13 10 

Cu 24 20 24 20 18 

Zn 84 67' 73 56 69 
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Table A7: WALKER VOLCANICS 

Sample no. 73840491 73940487 73840488 73840489 73840490 74840031 74840042 74840043 74840044 7 484006 8 
Rock Type a1 terea albitised altered al te-n:a altered albitised albitisea a1bitisea albitised dacite 

dacite dacite dacite dacite I dacite dacite dacite andesite dacite 
Grid reference 805973 810970 804973 809971 805973 762897 774932 772939 766950 767993 
1:100 000 sheet Br ind. Br.ind. Br.ind. Brind. Br ind. Brind. Br ind. Brind. Brind. Brind. 

SiO., 66.80 67.78 68.42 67 ... 84 65.86 69.53 68.74 67.30 68.83 67.10 
&. 

Ti02 0.55 0.54 0.51 0 .. 55 0.62 0.54 0.55 0.61 0.54 0.57 
Al2 o3 13.68 13.95 12.86 14.10 14.37 13.79 13.80 14.43 1: 6 ' 14.53 
Fe2 o3 3.32 2.12 2.58 0.87 3.62 0.59 1. 81 1.23 2 • .36 1.36 
FeO 1.63 2.08 3.73 4.06 1.63 3.35 2.18 3.78 1.36 2.68 
MnO 0.09 <0.01 0.09 <0.01 o.v8 0.06 0 .. 08 0.08 0.08 0.07 
MgO 1.46 1.70 1.63 1.92 1.70 2.08 1.92 2.40 1.75 2.21 
CaO 1.83 1.73 o .• 41 0.32 1.44 0.29 1.24 0.40 1.67 2.24 
Na2 o 1.38 2$33 0 .. 72 1.27 1.22 2.66 2.34 5.45 2.58 2.17 
K2 0 5.88 3.55 5.46 6.43 6.46 4.50 4.57 1.31 3.93 3.73 
P205 0.12 o.J.l 0.11 0.14 0.13 0.12 0.14 0.18 0.13 0.07 
H2 0+ 2.07 2.53 2.22 2.17 2.02 1.58 1.68 2.51 2 .. 18 2.14 
H20- · 0.15 0.33 . 0. 26 0.19 0.22 0.06 0.18 0.17 0.12 0.20 
co2 1.05 0.90 0.05 0,05 0.55 <0.05 0~25 <0.05 0.40 0.35 
TOTAL 100.01 99.65 99.05 99.91 99.92 99 .. 15 99.48 99.85 99.57 99.42 

Ba 1310 450 1180 1020 1330 1000 620 230 620 780 
Rb 280 250 240 230 310 150 220 44 200 180 
Sr 50 95 40. 45 60 110 100 60 120 .130 
Pb 1150 105 6 10 14 20 34 3 22 20 
Th 18 16 16 16 12 18 20 14 16 16 
u 4 4 6 6 4 6 4 4 4 4 
Zr 190 180 160 180 170 190 185 270 210 175 
Nb 10 <4 <4 5 10 <4 4 4 4 4 
y 25 30 30 30 30 30 30 40 35 25 
La 30 40 40 40 40 70 50 40 60 50 
Ce 70 70 60 60 70 70 80 90 80 80 
v 150 130 110 140 150 130 85 85 135 
Cr 85 65 60 50 55 45 65 55 45 60 
Co 6 6 8 8 6 <5 10 10 6 4 
Ni 18 20 15 20 18 16 16 12 20 22 
Cu 12 14 8 6 6 10 42 8 20 24 
Zn 58 S5 55 53 50 56 82 140 78 67 

. ' 
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I Table A8: WALKER VOLCANICS AND PADDYS RIVER VOLCANICS 

Sewple no. 74840071 75360003 74840029 7484C'030 74840034 74840037 74840051 74840u74 

Formation Walker Walker Paddys R. Paddy-; R. Paddys R .. Paddys R. Paadys R .. Paddys k. 

Volcanics Volcanics Volcanics Volcanics Volcanics Volcanics Volcanics Volcanics 

Rock Type dacite albitized albitised albitLsed albitised albitised altered albitised 

dacite dacite dacite dacite dacite dacite dacit.e 

Grid reference 760967 840942 764884 764884 77 8851 77 78 58 714973 694878 

1:100 000 sheet Brind. Canberra Brind. Brind. Br in d. Brind. Brind. Br in d. 

Si02 66.77 68.16 67.83 68.03 €8.33 65.03 68.52 69.68 

Ti02 0.55 0.54 0.58 0.60 0.65 0.57 0.52 0.50 

A12 o3 14.80 14.11 14.26 14 .. 33 14,52 14.90 14.06 13.48 

Fe2 o3 0.56 2.59 0.87 0. 81 2.09 1.26 0.62 1.85 

FeO 3.29 1.65 3.53 3. 27 2.12 3.79 2.86 2.38 

MnO 0.06 0.05 0.06 0 .. 06 o.os 0.10 0 .. 08 0.06 

MgO 1.83 1.49 2.36 2.28 1.72 4.01 1.78 1.42 

CaO 1.94 1.37 1.62 1.59 1 .. 32 2.59 0.99 1.82 

Na2 o 2.30 2.65 3.38 3.61 2 ... 90 4.17 2.00 3.17 

K2 0 4.66 4.38 2 .. 48 2.72 4.63 1.11 5.22 3.64 

P205 0 ., 06 0,13 0.12 0.16 0.12 0.10 0.11 0.17 

H20+ 2.07 1.8 5 2 .. 03 1.97 0.80 2.00 1.97 0.83 

H20- 0.13 0.23 0.05 0.05 0.04 0.08 0.11 0.01 

C02 
0.,35 0.65 0.05 <0.05 <0. 0 5 <0.05 o.so <0.05 

TOTAL 99.37 99 .a 5 99.22 99.48 99.29 99.71 99.34 99.01 

Ba 740 620 460 500 980 500 820 900 

Rb 180 240 100 100 170 38 230 130 

Sr 
I 

180 80 150 140 140 260 50 190 

Pb 44 18 16 20 16 14 10 16 
I 

Th 16 18 16 16 16 10 18 18 

u <4 4 4 6 6 4 6 4 

Zr 180 190 185 180 185 150 195 175 

Nb 4 <4 4 4 4 4 4 <4 

y 25 30 30 30 25 20 30 30 

La 50 60 50 50 60 40 ~0 60 

Ce 80 100 90 90 90 70 "70 70 

v 115 110 120 120 100 160 120 120 

Cr \ 6() 50 90 55 60 100 60 60 

Co \ 10 6 10 <5 <5 20 8 <5 

Ni 30 10 32 38 28 46 18 28 

Cu 24 6 125 26 46 14 6 24 

Zn 94 72 66 62 205 80 77 71 
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Table A9: JINDABYNE AND COODRAVALE I-TYPE GRANITOID SUITES 

/. 
I· Sample no. 71840318 72840044 72840045 72840046 73840053 73840347 77840068 

Formation Starv. Pt. Bug town Bug town Bug town Condor Coodravale Ashvale 
Adamellite Tonalite Tonalite Tonalite Granodr. Granodr. ·' tonalite' 

Rock Type hornblf.!nde hornblende hornblende hornblende augite hornblende tonalite 
adamellite tona1i te granodr .. tona1i te tonalite granodr. 

Grid reference .391532 553236 539201 533180 669903 499115 689168 
1:100 uoo sheet Tantangara Tantangara Tantangara Tant.3ngara Br.ind. Brind. Tantangara 

Si02 71.70 65.10 67.00 62.00 63.27 73.61 60.88 
Ti02 0.45 0.48 0.46 0.61 0.50 0.28 0.48 
A12o3 13.40 16 .. 40 15.20 16.60 16.40 13.18 17 .. 26 
Fe2o3 o.e.9 . 1.22 1.4 3 1.86 1.97 0 .. 86 1.70 
FeO 2.65 3 .OS 2.70 3.65 3.05 1.85 3.98 ,.,... 

MnO 0.08 0.09 0.09 0.11 0.09 0.05 0.12 
M90 0.45 

····-----··· 
1. 96 1.76 2.65 2.47 0.55 2.50 

CaO 1.62 5.05 4.65 6.00 5.48 2.28 6o36 
Na2o 4.20 2.95 2.95 2.85 3.18 3. 76 2.60 
K20 2.85 '2.15 2.25 1.51 1.47 2.44 1.44 
P205 0.07 0.10 0.08 0.10 0.11 0.94 Oo15 
H20+ 0.73 0.97 1.01 1.52 1.53 0.75 1.48 
H20- " A 1 Ue"t..l. 0.15 0 .. 15 0.16 0.01 0.05 0. 04 
co2 0.08 <0.05 <0.05 <0.05 0.10 0.10 0.05 
TOTAL 99.58 99.67 99 .. 73 99.62 99.63 99.80 99.04 

Ba 530 400 380 340 320 460 330 
Rb 125 85 100 70 50 80 60 
Sr 90 240 195 240 230 140 290 
Pb 20 13~ 95 50 8 8 80 
Th 16 10 16 6 10 8 4 
u i(4 <4 <4 <4 <4 4 <4 
Zr 200 I 90 100 95 130 190 85 
Nb <4 <4 <4 <4 5 <4 <4 
y 65 20 25 20 20 30 18 
La 60 30 40 20 40 30 <10 
Ce 60 50 60 40 60 60 40 
v 150 35 
Cr 35 35 28 40 15 
Co <5 10 8 12 6 4 10 

•; .. 
Ni 12 8 8 8 18 5 8 
Cu 20 5 5 5 32 20 8 
Zn 42 48 42 48 53 25 42 
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Table AlO: LAIDLAW VOLCANICS 

Sample no. 73840436 73840438 73840446 73840449 73840455 73840457 73840458 73840460 73840463 73840464 
Rock Type rhyodacite rhyodacite rhyodacite rhyodacite rhyodacite rhyodacite albitised rhyodacite rhyodacite rhyodacite 

rhyolite 
Grid reference 759104 773123 73 9214 803221 7 8 310 5 780130 822120 814153 802187 78 5160 
1:100 000 sheet Br ind. Br ind. B rind. Brind. Br ind. B rind. Brind. B rind. Brind. Br ind. 

Si02 67.98 69.63 6 9. 88 67.8 0 70.42 6 9. :,3 74.92 66.80 6 7. 98 67.91 
'l'i02 0.51 0. 4 6 0. 41 0.50 0.41 0.46 0.16 0.53 0.47 0.49 
A1 2 o3 14.94 14.57 14.04 15.18 14.32 14.43 12 .. 92 15.4 0 14. 99 14.81 
Fe2o3 1.39 1.53 1.05 1. 2 5 1.06 1.32 0.8 9 1. 4 4 1 .. 11 1.19 
FeO 2.35 1.98 2.14 2.44 2.14 2.11 0. 81 2. 4 0 2.44 2.46 
.rv1n0 0 .. 04 0. 04 o.r.5 0.05 0.05 0.05 o.os 0.06 0.06 0.06 
MgO 1.43 1. 30 1.27 1.37 1.19 1.23 0.55 1.4 9 1.51 1.73 
CaO 3 .. 81 3.05 3.10 3.70 3.49 3.66 0.83 4.13 3.65 2.77 
Na2o 2.48 2.52 2.66 2.86 2.48 2.54 2.82 2.64 2.56 2.92 
K 0 2 2.8 5 3. 29 3.16 2.97 3.01 3.03 5.09 2.94 3.03 3.20 
P205 0.11 0.10 0.08 0.10 0.09 0.10 0.04 0.11 0.11 0. Hl 
H20+ 1. 26 1.41 1.22 1.54 1.09 1.35 0.78 1.13 1.27 1.4 5 
H2o- 0.16 0.09 0.10 0.10 0.11 0.11 0 .. 18 0.11 0 .. 11 0.17 
co 2 <0.05 0.10 0.05 0.05 <0.05 <0.05 0.05 0.05 0.05 0.05 
TOTAL 99.31 10 0.17 99.21 99.91 99.86 99.72 100.09 99.23 99.34 99.31 

Ba 600 660 640 620 560 600 400 620 620 620 
Rb 110 125 120 120 120 130 230 120 120 120 
Sr 195 185 180 220 190 190 85 210 200 200 
Pb 14 14 22 18 20 18 24 14 18 26 
Th 14 14 14 16 14 16 18 10 14 14 
u <4 <4 4 6 4 <4 4 4 4 4 
Zr 200 200 180 210 170 180 95 200 200 200 
Nb <4 5 5 5 5 5 <4 5 5 ~ 
y 25 30 25 25 25 25 80 25 25 30 
La 40 60 50 50 40 40 60 50 40 50 
Ce 70 80 80 80 90 90 90 80 80 70 
v 83 80 85 100 85 98 40 113 98 100 
Cr 30 30 30 30 20 20 10 25 25 20 
Co 10 18 4 <5 10 14 4 4 <5 10 
Ni 10 13 13 18 13 18 15 15 15 " 18 
Cu .:a 20 24 22 20 22 14 22 22 20 
Zn 59 45 50 74 46 56 30 63 46 53 
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•rable AlO: LAIDLAW VOLCANICS (cont.) 

Sample no. 73840465 73840470 74950009 74950027 74840076 75840001 75840002' 75840004 75840005 75840006 
Rock Type rhyodacite albitised rhyodacite rhyodacite rhyoda.c i te rhyodacite dacite dacite a1bitised dacite 

rhyodacite dacite 
Grid reference 738111 724107 Tugg.Tun. Tugg.Tun. 784883 867805 867805 866827 86 5832 8 6 58 3 7 
1:100 000 sheet Br ind c Br ind. Canberra Canberra Br ind. Canberra Canberra Canberra Canberra Canberra 

Si0 2 68.09 68.61 72.44 73.96 69.75 68.60 6 9. 6 2 70.10 70.70 71.17 
Ti02 0.52 0.48 0.27 0.27 0.42 0.51 0.48 0.46 0.46 0. 4 2 
A1 2o3 15.05 14.61 13.32 12.8 8 14.99 14.4 2 13.44 14.01 12.80 14.20 
Fe2o3 1.41 1.21 1.09 0.73 0.98 0. 7 7 0.56 0.64 0.19 0. 4 9 
FeO 2.46 2. ~:! 9 1.10 1.10 1. 93 2.70 2.75 2.50 2.70 2.30 
MnO 0.06 0.06 0.02 0.02 0.05 0.05 0.05 0.05 0.05 0.05 
NgO 1.57 1.72 1.22 1.16 1.31 1.53 1.52 1.28 1.37 1.08 
CaO 2.96 1 .. 15 1.75 1.55 3.83 3.11 3. 4 3 3.88 2 .. 06 3. tl4 
Na 2o 3.02 4.18 2.92 2.23 2.38 2.79 2.4 0 2.24 3.50 2.56 
K20 3.27 3.48 3.32 4.01 3. 06 2.86 2.78 2.81 2.44 3.07 
P205 0.11 0.09 0.05 0.05 0. 04 0.14 0.10 0 .10 0.09 0.09 
H20+ 1.53 1. 4 2 1.33 1.32 0.94 1.68 1.11 0.57 1.70 1.02 
H20- 0.19 0.22 0.11 0.10 0. 04 0.12 0.09 0.05 0.32 0.02 
co2 0.05 0.10 0.05 0. 2 5 0 .. 05 0.35 0.30 0. 30 0.90 0.05 
TOTAL 100.29 99.62 98.99 99.63 99.77 99.63 98.63 98.99 99.28 99.96 

Ba 620 580 520 640 700 700 680 680 540 740 
Rb 130 110 125 150 120 130 125 115 110 14 0 
Sr 190 15:.:: l"/5 130 210 190 20 0 210 110 200 
Pb 16 10 24 14 30 40 50 0 50 26 32 
Th 12 1ti 22 20 14 12 12 16 14 16 
u 4 4 6 6 4 <4 4 6 <4 4 
Zr 2 00 190 125 120 185 200 20 0 195 195 170 
Nb 5 5 <4 <4 4 <4 <4 <4 10 <4 
y 25 25 36 28 20 25 20 30 20 25 
La 50 30 190 70 40 50 50 70 50 60 
Ce 80 80 280 100 90 100 90 120 110 120 
v 100 100 65 70 85 140 120 140 100 100 
Cr 25 25 10 15 30 30 25 30 25 25 
Co 10 8 78 <5 2 2 <2 6 2 <2 
Ni 15 18 4 12 12 10 16 10 6 6 
Cu 20 14 4 3 14 24 24 18 20 18 
Zn 66 43 40 33 132 50 59 57 64 58 
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Table AlO: LAIDLAW VOLCANICS (cont.) 

Sample no. 7 584000 7 75840012 75840020 75360005 75360008 
Rock Type rhyodac ~ te rhyodacite rhyodacite rhyodacite rhyodacite 

Grid reference 8648 51 Tugg. Tun •. 8220 27 8 5184 7 786086 
1:.100 000 sheet Canberra Canberra Canberra Canberra Brind. 

Si02 71.30 72.78 72.01 70.55 68.59 
'fi02 o. 4 0 0.,24 0.31 0. 4 5 0.49 
Al.2o3 13.47 13.76 13.34 14.16 14.79 
Fe2o3 0.73 0.33 0. 8 5 2.00 1.35 
FeO 2.15 1.50 1.48 1.55 2.15 
MnO 0.05 0.05 0.03 0.05 0. 06 
MgO 1.03 0.74 0. 95 1.16 1.33 
CaO 3.20 1.67 2.17 3.68 3.88 
Na 2o 2.52 2.98 2.79 2.50 2.42 
K20 2. 96 4.54 3.93 2.81 2 .• 96 
P205 o. 12 0.06 0. 12 0.10 0.12 
H20+ 0.83 0.94 1.04 0.92 1. 40 
H20- 0.05 0.04 0. 04 0. 06 0. 04 
C02 0.05 0.25 0.05 <0.05 0.05 
TOTAL 98.8 6 99.88 99.11. 99.99 99.63 

Ba 660 620 680 720 740 
Rb 130 185 155 135 140 
Sr 190 1'/0 170 200 210 
Pb 42 40 46 22 65 
Th 16 26 22 10 14 
u 4 6 <4 4 <4 
Zr 170 125 140 180 20 0 
Nb <4 <4 <4 10 <4 

. y 25 30 25 20 20 
:La 90 60 70 60 60 
Ce 130 110 130 100 110 
v 85 35 35 80 100 
Cr 25 15 20 30 25 
Co <2 <2 <2 8 10 
Ni 6 10 12 12 10 
Cu 20 14 24 10 12 
zn 61 45 35 59 51 

I : 
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.Table All: GINNINDERRA PORPHYRY AND URIARRA VOLCANICS 

Sample no. 73840434 73840435 74840041 74840069 74840070 74840072 74840075 74840077 
Formation Ginninder. Ginninc1er. Uriarra Uriarra Ur.iarra Uriarra Uriarra Uriarra 

PODphyry Porphyry Volcanics Volcanics Volcanic::; Volcanics Volcanics Volcanics 
Rock 'rype albitised albitisea albitised a1bitised albitised ash stone albitised albitised 

dacite dacite cryst.tuff cryst.tuff cryst. tuff cryst.tuff cryst.tuff 
Grid reference 752056 748040 751918 763993 763993 754950 754921 763993 
1 :100 000 shee i: Br.incJ .. Br.ind. Br.ind. Brind. Brind. Br.ind. Br.ind. Br.ind. 

Si02 67.97 67.92 69.27 68.17 71.10 74.63 68.66 72.91 
Ti02 0.49 0.47 0.45 0.40 0.31 0.26 0.41 0.29 
A12 o3 15.00 14.85 14.31 15.52 14.33 13.24 14c'73 13.54 
Fe2 o3 1.13 1.15 0.43 0.47 0.41 0 .. 36 0.56 0.28 
FeO 2.38 2 .. 13 2.49 2.21 1.77 1.26 2,32 1 .. 77 
MnO 0.06 0 .. 07 0.07 0.08 0.07 0.06 0. 06 0.06 
MgO 1.59 1.56 1. 46 1.36 1.07 0.81 1.69 1.08 
CaO 1.29 0.82 1.11 0.99 0.77 0.99 1.25 0.70 
Na2 o 4.30 4.10 3.80 4.85 4.17 4.67 3.66 3 .. )4 
K2 0 3.77 4.24 4.37 3.77 4.08 2.67 4.13 3.76 
P205 0.11 0.10 0.10 0.02 0.01 0.03 0.03 0.01 
H20+ 1.33 1.44 1.31 1.34 1.25 0.79 1.50 1.10 
H2o- 0.29 0.30 0. 09 0.04 0.03 0.03 0.06 0.10 
co2 0 • .10 0.15 0.25 0.15 0.10 0.05 0.60 0.10 
TOTAL 99.81 99.30 99.51 99.37 99.47 99.85 99o66 99.64 

Ba 620 720 1000 880 800 520 1100 800 
Rb 140 155 160 150 180 110 150 160 
Sr. 125 135 170 140 150 190 140 140 

· Pb 16 <2 4 32 26 8 6 40 
Th 14 12 18 18 16 26 18 16 
u 4 6 4 6 4 6 4 4 
Zr 210 210 190 185 180 150 195 175 
Nb 5 5 4 4 4 <4 6 4 
y 30 30 25 25 30 35 25 25 
La 4C 50 50 60 60 60 40 50 
Ce 80 80 90 70 80 100 90 80 
v 65 75 85 70 50 50 85 70 
Cr 30 30 50 30 45 15 20 
Co 10 10 <5 <5 <5 <5 2 2 
Ni 10 10 <4 2 10 4 8 <2 
au 14 14 10 12 12 10 16 10 
Zn 80 104 66 57 51 36 67 58 
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Table A12: BOGGY PLAIN ADAMELLITE 

Sample no. 71840181 71840183 71840185 71840191 71840201 71840573 72840085 73840158 73840170 7.3840172 
Rock Type hornblende ·pyx. two pyx. pyx • hornblende pyx. hornblende hornblende hornblende hornblende 

adamellite granodr. gabbro granodr. adamellite granodr. adamellite adamellite adamellite adamellite 
Grid reference 438318 445324 426329 439291 384263 435292 387264 400255 386263 429315 
1:100 000 sheet Tantangara Tantangara Tantangara Tantangara Tantangara Tantangara Tantangara Tantangara Tantangara Tantangara 

t' 

Si02 66.60 61.00 52.40 60.80 65.70 62.90 66.80 70.35 65.55 69.59 
TiO 2 0.49 0.61 0.80 0.61 0.52 0.69 0.54 0.34 0.54 0. 38 
A1 203 14.60 14.6 0 16.90 14.70 14.90 14.80 14.30 13.74 14.57 13.73 
Fe2o3 2.00 2.05 2 .. 10 2.05 2.25 2.30 1.50 1.25 1.63 1.18 
FeO 2.30 4.20 7.50 4.30 2.45 3.30 2.75 1.98 3.05 2 .. 13 
MnO. 0.07 0.12 0.18 0.12 0.08 0.11 0.07 o.os 0.08 0.06 
MgO 2.50 4.75 6.75 4.75 2.65 3.35 2.55 1.55 2.56 1.69 
CaO 4.00 6.45 9.30 6.45 3.90 5.50 4~15 2.96 4.25 3.03 
Na2o 3.00 2.65 2.70 2.65 2.95 3.05 "'2. 80 3.00 2.90 2. 80 
K2 0 3.30 2.50 0.72 2.55 3.45 2.50 3.25 3.85 3.53 4.06 
P205 0.15 0.24 0.27 0.22 0.17 0.20 0.14 0.10 0.16 0.09 
H2 0+ 0.38 0.37 0.05 0.28 0.40 0.75 0.74 0.69 0.75 0.59 
H20- 0"20 0.29 0.21 0.26 0.28 0.12 0.04 0.05 0.03 0.03 
co 2 '11 0.10 0.12 0.15 0.10 0.10 0.10 0.10 0.05 0.10 o.os 
TOTAL 99.6 9 99.95 100.03 99.84 99.80 99.6 7 99.73 99.96 99.70 99.41 

Ba 8 20 800 380 720 960 1180 700 1030 760 
Rb 130 85 18 90 120 133 145 125 145 
Sr 450 760 745 680 450 463 310 440 320 

I 

Pb 20 25 30 35 30 28 10 10 12 
Th 22 10 <4 10 22 11 22 14 24 
u 6 6 <4 4 6 6 <4 4 4 
Zr 190 150 24 140 190 178 130 180 150 
Nb 4 4 <4 <4 4 <4 5 5 5 
y 28 18 15 18 28 24 25 20 20 
La 40 20 10 20 60 45 40 40 70 
Ce 90 100 20 80 80 74 60 70 60 
v 115 195 185 130 115 98 145 100 
Cr 18 25 48 35 38 60 90 55 
Co 10 20 5 20 15 16 6 14 10 
Ni 15 18 12 15 25 19 15 30 15 
Cu 30 65 35 100 30 30 10 28 18 
Zn 28 35 18 35 30 66 21 38 25 
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Table A12: BOGGY PLAIN ADAMELLITE (cant.) 

Sample no. 73840174 73840480 73840481 73840482 73840483 73840484 73840485 73840486 

Rock Type pyx. pyx. pyx. two pyx. ,pyx. hornblende pyx. hornblende 

granodr ~ g ranodr. granodr. qtz.gbro. granadr .. adamellite granodr. adamellite 

Grid referenca 433320 438290 437293 426330 426324 429390 437323 430313 

1:100 000 sheet Tantangara Tantangara Tantaogara Tantangar.a Tantangara Tantangara Tantangara Tantangara 

Si02 
62.28 61.52 6 0. 54 53.43 61.40 66.80 60.46 70.43 

Ti02 0.50 0.52 0.57 0.62 0.54 0.52 0.57 0.32 

A12o3 15.29 14.35 15.41 15.26 15.15 14.30 14.56 13.53 

Fe 2o3 2.17 1.75 2.52 2.40 2.16 1. i'8 1.98 1.30 

FeO 3.62 4.06 3.65 6.98 3.80 2.64 4.06 1.60 

MnO 0.10 0.11 0.12 0.17 0.12 0.08 0.12 o. 06 

MgO 3.31 4.24 3.75 7.20 3. 55 2 .. 55 3.98 1.50 

CaO 5.95 6.49 6.06 9.87 6.05 4 .. 12 6.07 2.63 

Na.2o 3.00 2.90 3.12 2.35 3.16 2.92 3.00 2.90 

K20 2.09 2o26 2.11 0.94 2.09 3.32 2.22 4.21 

1> 0 0.17 0.20 0.02 0.16 0.21 0.14 0.20 0.08 
, .. 2 5 
H2 0+ 0.79 0.75 0.82 0 .. 44 0.72 0.66 0. 85 . 0.79 

H20- 0.03 Oo09 0.12 0.08 <0~02 0.14 0.11 0.13 

co2 0.05 <0.05 0.05 0.05 0.05 <0.05 0 .. 05 0.05 

TO'rAL 99.35 99.14 98.86 99.95 99.00 99.97 98.23 99.53 

Ba 540 830 740 410 820 1080 840 760 

Rb 70 80 80 32 70 125 85 180 

Sr 540 700 680 670 680 450 730 310 

Pb 10 14 8 6 14 12 12 30 

Th 4 6 8 <4 4 16 4 32 

u <4 <4 4 <4 <4 <4 <4 10 

Zr 110 110 130 40 110 170 110 130 

Nb <4 5 10 <4 <4 5 <4 10 

y 15 20 20 15 20 25 20 20 

La 20 30 30 <10 40 40 50 70 

Ce 50 60 70 20 70 80 70 80 

v 210 220 280 380 250 190 300 130 

Cr 70 75 90 55 

Co 18 16 14 30 10 6 18 6 

Ni 25 23 15 50 15 20 20 13 

Cu 46 52 120 76 38 18 48 12 

Zn 48 45 51 65 56 31 61 29 



24 

Table Al3: COOLAMINE IGNEOUS COMPLEX 

Se:!lple no. 71840304 71840329 71840358 71840360 71840363 71840433 71840446 71840447 71840448 71840455 
Rock Type two pyx. two pyx. ura1ite two pyx. quartz plag. pyx. two pyx. two 1:-'YX. p1agc pyx. two py:{ .. 

granodr. granodr. granodr. granodr. monzogbro porphyry granodr. g ra noQir. porph. g ranodr .. 
Grid reference 547485 517518 532551 508518 540534 506582 504505 527530 527536 487577 
1:100 OOO.sheet •rantangara Tantangara Tantangara Tantangara Tantangara Tantangara Tantangara Tantanqara Tantangara Tantangara 

'· 

Si02 60.40 59.50 62.50 56.40 57.70 63.60 55.80 60.00 59~20 61.60 
TiO 2 0.65 0.79 1.06 0.70 0.83 1.07 0.70 0.74 0.,74 0. 80 
Al 2o3 14.00 13.90 15.70 13.30 14.40 15.40 13~60 14.50 14 .. 40 15.00 
Fe 2 o3 0.70 1.55 2.75 3.35 2.05 0.85 1. 85 1 •> 85 2.20 1.35 
FeO 4.45 5.20 3.50 5.50 5.40 4.65 5.55 4.90 4.55 4 .. 85 
MnO 0.09 0.12 0.13 0.15 0.13 0.07 0.17 0.23 0.13 0.12 
MgO 5.65 5.15 2.45 6 .. 15 s.ss 1.99 7.SS 4.45 4.85 2.55 
CaO 4.70 6.65 4.75 7.30 7.50 4.65 7.55 6.55 7.15 5.55 

' 
Na 0 2 2.05 1.90 3.00 2.20 1 .. 77 2.85 1.75 1.97 2.20 3.00 
K2 0 3 ,.'30 2. 30 2.95 2.10 1.89 3 .. 15 2.05 2.45 2.15 2.95 
P205 0.15 0.24 0.29 0.20 0.27 0.25 0 .. 13 0.12 0.17 0.31 
H20+ 2 .:Io 1.71 0.64 2.05 1.53 1.25 2.65 1.95 1.77 1.44 
H20- 0.57 0.31 0.14 0.17 0.25 0.21 0.31 0.27 0.17 0.16 
co2 0.85 0.85 0.25 0 .. 20 0.82 0.10 0.10 0 .. 10 0.10 <0.05 
TOTAL 99 .. 6 6 100 • .17 100.11 99.77 1D0.09 100.09 99.76 100.08 99.78 99.68 

Ba B14 1028 780 580 900 800 620 920 620 998 
Rb 131 72 110 70 82 141 85 120 85 113 
Sr 359 S40 600 360 550 600 425 420 4:36 603 
Pb 14 24 25 140 14 16 12 18 9 15 
Th 14 9 10 6 6 10 6 8 8 12 

'· u <4 <4 6 6 4 4 <4 <4 4 <4 
Zr 160 141 160 120 100 191 100 120 137 151 
Nb <4 <4 6 <4 <4 <4 <4 <4 <4 <4 
y 21 20 . 28 24 30 32 20 25 23 26 
La 49 39 20 <10 40 30 30 40 <10 38 
Ce 69 63 90 60 60 82 40 60 40 72 
v 80 200 105 290 340 100 195 150 
Cr 28 28 65 50 48 
Co 29 26 8 20 20 15 22 18 30 13 
Ni 1.28 22 5 10 25 14 70 20 28 12 

·cu 50 67 18 32 48 5 60 55 41 35 
z·n 89 98 45 45 42 38 48 50 38 80 
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Table Al3: COOLAMINE IGNEOUS COMPLEX (cent o) 

Sample no. 71840456 '71840457 71840458 71840459 71840460 7184 04 6.'. 71840463 71840464 71840471 71840472 
Rock Type con tam. two pyx. quartz two pyx. pyx. urali te quartz ~yx.qtz. quartz pyx.hbl. 

porphyry granodr. monzodr. adamellite g ranodr. roicrodr. monzogbro. diorite monzodr. adamellite 
Grid ref€rence 488568 476562 477555 491~71 491572 48 7576 482616 513618 490596 . 4986 05 
1:100 ~00 she,at Tantangara Tantangara Tantangara Tantangara Tantangara Tanta1ngara Tantangara Tantangara Tantangara Tantangara 

Si02 70.30 54.50 56.30 64.40 60.60 55.20 57.30 61.20 54.50 62.40 
Ti02 0.56 0.94 0.99 0.98 0.84 0.74 0.70 0.56 0.93 0.79 
A:l203 13.90 15.20 15.30 14.70 15.70 15.50 17.70 15.30 15.70 15.30 
Fe2 o3 0.50 3.80 3.30 1.15 1.5S 0.85 1.45 1.75 3.60 2.20 
FeO 3.20 5.40 4.6 5 4.00 5.00 8.10 5.20 4.40 5.45 3.75 
MnO 0.05 0.17 0.15 0.11 0.12 0.16 0.10 0.11 0 .. 16 0.12 
MgO 1.60 4 .. 65 4.05 1.61 2.80 4.85 3.10 3.75 5.15 2.40 
CaO 1.93 8.20 7.05 3.55 5.60 7.55 7.15 6.30 8.05 5.00 
Na2 o 2.85 2.30 2.90 3.90 3.55 2.90 2.80 2.50 2.50 3.45 
K2 0 3.55 1. 80 2.30 3.55 2.70 0.90 2.00 2.05 1.77 3.05 
P205 0.12 0.48 0.3 8 0.22 0.33 O.:.t.'l 0.22 0.11 0.40 0.29 
H2 0+ 1.38 1.98 2.40 1.60 1.14 2.45 1.93 1.81 1.30 0.71 
H2 0- 0.18 0.22 0.10 0.02 0. 04 0.14 0.21 0.13 0.12 0.31 
C02 0.07 0.12 0.10 0.20 0.15 0.55 0.20 <0.05 <0.05 <0.05 
TOTAL 10 0 .19 99.76 99.97 99.99 100.12 100.07 100.06 99.97 99 .. 63 99.77 

Ba 660 690 770 1020 951 400 772 525 650 970 
Rb 120 75 90 125 99 34 50 104 70 125 
Sr 175 600 595 555 613 575 614 297 650 525 
Pb 28 16 14 16 7 4 5 12 8 20 
Th 12 6 12 14 12 <4 4 9 6 10 
u <4 <4 4 <4 4 <4 <4 <4 4 <4 
Zr 160 95 110 160 134 70 129 113 85 130 
Nb <4 <4 <4 10 <4 <4 <4 <4 <4 
y 30 25 25 30 24 20 19 18 20 25 
La 60 40 40 50 41 30 37 <10 30 40 
(:e 70 50 so 90 69 30 50 49 50 40 
v 150 140 175 240 
Cr 30 50 42 
Co 8 22 20 8 14 22 26 20 18 8 
Ni 15 30 32 J.O 23 8 20 20 32 8 
Cu 12 65 85 15 41 30 78 53 70 32 
Zn 45 50 75 60 81 50 94 99 45 45 
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Table Al3: COOLAMINE IGNEOUS COMPLEX (cont.) 

Sample no. 71840478 71840481 71840482 71840499 72840217 72840218 73840285 
Rock Type plag.pyle. ·p1ag.pyx. ·p1ag. pyx. pyroxenite quartz hornblende hbl.biot. 

porphyry ·por.phyry porphyry monzogbro. adamellite gabbro 
Grid reference 508582 520599 519604 503611 545674 545673 534668 
1:100 000 sheet Tantangara Tantangara' 'fantangara Tantangara Tantangara Tantangara Tantangara 

Si02 63.70 62.60 61.50 50.80 49.80 65.30 48.22 
Ti02 1.2 3 0.52 0.63 0.37 1 .. 76 0.95 1.09 
Al 203 15.30 16.10 16.20 10. ~ ') 15.30 15.60 17.81 
Fe2 o3 1.35 1.40 2.35 1.85 2.55 1.95 1.97 
FeO 4.60 4.35 3.50 3.75 6.95 3.45 6.76 
MnO 0.15 0.09 0.06 0.10 0.18 0.12 0.15 
MgO 1.75 3.15 3 .. 10 11.00 5.80 0.85 7.13 
CaO 4.15 5.25 6.25 17.20 11.20 3 .. 25 11.37 
Na 2o 3.15 1.98 1.78 Oa99 2.65 3.85 2.42 
K2 0 3.05 2 .. 35 1.59 1.34 1.00 3.39 0.49 
P205 0.28 0.12 0,.11 0.07 0.30 0.13 0.30 
H20+ 1.21 1.45 2.25 1.63 1.48 0.69 2.03 
H20- 0.19 0.27 0.20 0.31 0.10 0.13 0. 01 
co2 <0.05 o .. os 0.15 0.20 0.85 0.10 0.05 
TOTAL 100.11 99 .. 68 99.67 100.01 99.92 99.76 99.80 

Ba 1026 588 352 420 430 1350 140 
Rb 114 107 66 75 40 120 14 
Sr 626 281 291 290 390 470 430 
Pb 18 7 9 6 8 26 14 
Th 11 6 10 <4 A 14 <4 ~ 

u 4 5 5 4 <4 6 <~ 

Zr 190 120 124 24 95 660 100 
Nb <4 <4 <4 <4 <4 12 <4 
y 30 19 19 10 25 40 20 
La 52 36 43 10 30 40 <10 
Ce 94 49 53 10 60 70 30 
v 60 140 185 10 260 
Cr 50 50 15 
Co 11 20 18 5 15 5 38 
Ni 2 13 12 48 28 5 90 
cu 6 30 13 30 55 12 74 
zn 90 88 69 12 25 80 80 
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Table A14: MINOR INTRUSIONS OF THE BOGGY PLAIN SUITE 

Sample no. 71840411 71840412 71840414 71840416 71840418 71840517 73840146 73840169 76840065 
Forrnation minor int. minor int. Hell Hole minor int. minor int. minor int. minor int. minor in t. minor int. 

B.P.Suite B. P .suite Adamellite B.P.Suite B.P.Suite B.P.Suite B.P.Suite B. P. Suite B.P.Suite 
Roc I~ Type two pyx. hornblende hornblende two pyx. two pyx. pyx. quartz two pyx. quartz 

granodr. adamellite adamellite granodr. granodr. granodr. monzodr. gabbro monzogbro. 
Grid referene:e 436419 437422 450418 465497 456473 420524 41018 2 388288 347282 
1:100 000 sheet Tantangara Tantangara Tantangara Tantangara •rantangara ·ran tang ar a Ta.ntangara Tantangara Yarrangob. 

Si02 60.70 65.20 63.80 56.80 58.60 60.40 54.88 48 .06 56.11 
Ti02 0.72 0.60 0.63 0.83 0.78 0.54 0.73 0.53 0.,75 
Al2o3 15.10 14.90 14.90 15.00 15.70 14.20 16.15 13.71 13 • . 19 
Fe2o3 1.70 1.71 1.74 2.50 1.85 2.05 2.40 2.03 1.10 
FeO 5.05 2.95 3.45 5.80 5.05 4.45 5.97 7.78 6.35 
MnO 0.11 0.07 0.10 0.19 0.15 0.13 0.14 0.15 0.14 
MgO 4.30 2.50 2.90 5.00 4 .. 70 4.60 5.55 12.34 8.08 
CaO 6.05 4.00 4.35 '7. 80 6.95 6.15 8.48 11.33 7.48 
Na:zO 2. 6 5 2.45 2.40 1.77 2. 20 2.60 2.46 1.54 2.40 
K 0 2 2.50 3.50 3.25 1.71 2.40 2.55 1 ,, 67 1.02 2.16 
P205 0.21 0.15 0.16 0.19 ·a. 2 3 0.17 o . ..~..~ 0.11 0.22 
H20+ 0.80 1.45 1.70 1. 94 1.03 1. 89 1.03 1.44 0.78 
H20- 0 .. 14 0.19 0.24 0.20 0.21 0.12 0.05 0.04 0.11 
co2 <0.05 0.07 0.05 0.12 0.05 0.10 0.15 0.15 0.05 
TOTAL 100.03 99.74 99.6 7 99.85 99l.90 99.95 99.84 ,• 100.24 99.52 

Ba 650 640 740 440 700 500 500 300 700 
I Rb 100 160 145 60 95 80 48 28 75 ,. 

Sr 465 280 320 400 525 420 560 500 520 
Pb 12 110 150 55 30 17 6 <2 85 
Th 4 16 14 6 6 10 8 6 Q 

v 

rt <4 A <4 4 <4 4 4 <4 <4 u "2 

Zr 105 190 150 130 105 120 80 30 120 
Nb <4 4 <4 <4 <4 <4 <4 <4 <4 
y 20 26 25 20 20 18 25 15 18 
La 40 20 40 < 10 30 20 20 <10 20 
Ce 50 80 50 50 50 40 50 20 70 
v 65 60 195 300 370 200 
Cr 35 15 , ') 

.l..c. 105 480 
Co 15 12 12 20 12 28 30 AO 

"tO <2 
Ni 18 18 18 15 15 15 30 105 130 
Cu 65 40 "lP 

.JU 60 45 45 78 124 84 
Zn 38 60 70 38 35 38 68 60 112 
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Table A15: HIGH-SILICA I-TYPE INTRUSIONS OF THE BOGGY PLAIN SUITE 

Sample no. 71840327 71840328 71840356 71840357 71840359 71840365 71840465 71840544 72840145 
Formation Gurrangor. Gurrangor. Jackson Jackson Gurrangor. Jackson Jackson Jackson Jackson 

Granophyre Granophyre Granite Granite Granophyre Granite Granite Granite Granite 
Rock Type g ranophyre granophyre biotite biotite granophyre biotite ~pink ·pink biotite 

adamel1 i te adamellite adamellite granite granite adamellite 
Grid reference 484535 502524 539548 537550 549513 537553 .539613 53 76 09 ~52675 

1~100 000 sheet Tantangara Tantangara Tantangara Tantangara Tantangara Tantangara Tantangara Tantangara Tantangara 

Si02 73.70 74.00 76.70 73.30 73.00 72.60 76.80 76.3u 67.00 

'' T.i02 0.40 0.40 0.15 0.26 0.31 0.41 0.18 0.17 0.63 
Al2o3 12.90 12.60 12.10 13.70 13.20 13.70 12.10 12.50 16.80 
Fe2 o3 0.66 0.83 0.85 0.95 1.85 1.16 0.80 0.65 0.38 
FeO 1.10 0.96 0.44 0.81 0.84 0.93 0 .. 45 0.60 2.35 
MnO O.Q5 0.06 0.06 0.05 0.26 0.08 0.03 0.04 0.08 
MgO 0.26 0.26 0.16 0.45 0.25 0.42 0.15 0.19 0.80 
CaO 0.86 0.81 0.29 l ;29 " ....... 

v.~.:J 1.29 0.47 0.57 2.95 
Na2 o 3.10 3.35 3.35 3.50 3.25 3.45 3.45 3.55 3.55 
K2 0 4 .. 90 4.80 t.:.ao 4. 70 5.50 4.35 4.50 4.70 3.95 
P205 0.03 0.03 0.02 0.05 0.04 0.06 0.01 0.02 Ooll 
H2 0+ 0. 59. 0.58 0.01 0 .,43 0.69 0.35 0.34 0.38 0.82 
H2 0- 0.31 0.32 0.37 0.29 0.27 0.37 0.36 0.24 0.06 
co2 0.80 0.70 0.30 0.15 0.35 0.79 <0.05 0.05 0.05 
TOTAL 99u66 99.70 99.60 99.93 100.04 99.96 99.64 99.96 99.53 

Ba 1130 1110 300 1300 1000 1490 490 250 2670 
,Rb 195 205 280 185 180 180 195 260 132 
Sr 150 160 65 260 160 280 120 70 641 
Pb 24 32 38 40 290 32 22 18 44 
Th '"In 16 32 18 18 16 24 30 8 .::.v 

u 4 <4 8 4 6 4 4 4 4 
Zr 230 230 130 155 280 170 100 120 330 
Nb <4 <4 8 <4 4 <4 10 10 6 
y 40 40 38 25 44 40 30 32 55 
La 50 50 30 50 40 80 50 60 97 
Ce 100 90 90 70 100 90 70 150 160 
v 20 10 60 60 
Cr 60 48 
Co <5 <5 <5 5 <5 5 <5 <5 11 
Ni <5 <5 <5 5 <5 5 <5 <5 6 
Cu 2 2 8 8 5 2 2 r:: 28 ..; 

Zn 28 35 30 28 
.,.. 
"!0 42 15 15 71 
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Table Al5: HIGH-SILICA I-TYPE INTRUSIONS OF THE BOGGY PLAIN SUITE (.cont. ) 

Sample no. 73840385 73840471 75840027 

Formation Burrinjuck Burrinjuck Eugowra 
Adamellite Adamelli\::e Granite 

Rock Type biotite biotite biotite 
adamellite adamellite adamellite 

Grid reference 418245 445254 

1 :100 000 sheet Brind. Br.ind. Parkes 

Si02 71.28 74.09 73.22 

Ti02 0.43 0.27 0.30 

Al2o3 14.38 13.08 13.47 

Fe2 o3 1.35 0.70 0.59 

FeO 1.42 1.20 1.15 

MnO 0.07 0,.07 0.06 

MgO 0.57 0.39 0.43 

CaO 1.90 1.20 1.38 

Na 2 o 3.66 3.42 3.80 

K2 0 4.31 4.66 4.00 

P205 0.08 0.04 0.07 

H20+ 0.39 0.46 0.55 

H2o- 0.15 0.18 0.15 

co2 
<0.05 <0.05 0.05 

TOTAL 99.99 99.76 99.22 

Ba 1630 800 900 

Rb 135 190 150 

Sr 370 200 140 

Pb 14 14 18 

Th 12 16 16 

u 6 6 4 

Zr 280 160 200 

Nb 5 3 4 
y 40 30 22 

La 50 40 <10 

Ce 100 60 60 

v 50 28 
Cr 15 

,~ 

.) 

Co 4 2 <2 

Ni 10 10 <2 

Cu 12 14 6 

Zn 39 37 64 
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Table Al6: l10UNTAIN CREEK VOLCANICS 

Sample no. 71840361 71840468 71840469 71840479 71840531 72840084 72840144 72840146 72840214 72840215 
Rock Type plag. pyx. granophyr. rhyolite plag. pyx. plag.pyx. banded pyritic rhyolite rhyolite amphib. 

latite rhyolite ignimbrite latite la ti te rhyolite andesite lava porphyry xeno1i th 
Grid reference 51~549 531622 529624 511579 573560 602919 545654 640903 675937 536622 
1:100 000 sheet Tantangara Tantangara Tantangara •rantangara Tantangara Brind .. Tantangara Br ina. Brind. Tantangara 

Si02 62.00 67.30 6 9. 40 61.70 61.70 73.10 57.20 73.00 67.70 53.80 
'1' iO 2 0.56 0.57 0.56 0.59 0.59 0.46 o.8o 0"50 0.59 0.41 
A12o3 13.70 14.40 14.20 13.10 13.20 13.40 16.10 1.3.70 14.70 7.00 
Fe2 o3 1.25 1.80 1. 35 1.90 1.45 0.79 1.18 1.32 0.85 1~50 

FeO 4.55 2.15 2.05 4 .. 15 4.50 1. 25 6.00 0.84 2.40 4.70 
MnO 0.11 0.08 0.08 0.09 0 .. 09 0.07 0.12 0.07 0.03 0.38 
MgO 5.50 1.86 0 ,, 82 5.65 5.35 0.24 4.80 0. 30 1.70 12.70 
CaO 5.35 3. 6 0 2., 30 4.85 5.40 1.50 6 .. 50 0.52 0.65 15.30 
Na2o 2.00 3.25 2.65 1.99 1.40 3.30 2 .. 10 3.05 0.16 1o47 
K2 0 2.65 3.30 s.oo 3.05 3. 6 0 4.85 1.49 5.00 8.65 1~36 

P205 0 .. 13 0.12 0.10 0.12 0 •. 13 0.05 0.12 0.05 0.12 0.09 
H20+ 1.99 1.32 0.90 2 .. 20 1.85 0.66 1.73 0 .. 99 1.80 0.57 
n2o- 0.15 0.14 0.16 0.22 0.31 <0.01 0.07 0.21 0.11 0.05 
C02 0.20 <0~05 0. 35 0 .. 05 0.10 0.05 0.10 0.05 o.so o.os 
TOTAL 100.14 99.89 99~92 99.66 99.67 99.72 9 8.31 99.60 99.96 99.38 

Ba 540 939 870 731 610 1290 380 1320 1960 220 
Rb 120 144 225 118 1~\0 180 65 190 265 55 
Sr 270 378 215 232 240 295 305 235 45 120 
Pb 100 8 22 13 16 44 60 55 <2 4 
Th 16 13 20 14 12 16 8 16 18 8 
u 6 <4 6 7 <4 4 <4 <4 6 > <4 
Zr 160 210 175 162 125 240 100 240 175 34 
Nb 4 10 <4 <4 <4 10 <4 10 10 <4 
y 24 24 30 21 20 35 20 30 40 20 
La 20 45 40 26 30 70 30 50 50 10 
Ce 50 74 90 60 50 80 40 60 90 .LO 
v 165 80 150 
Cr 65 85 42 45 25 18 48 
Co 15 14 8 28 15 <5 22 <5 
Ni 55 9 15 72 45 <5 18 <5 8 10 
Cu 45 10 55 48 45 5 60 2 18 8 
Zn 38 68 38 75 40 45 so 45 12 10 
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Table Al6: MOUNTAIN CREEK VOLCANICS (cont.} 

Sample no. 73840256 74840053 74840054 74840055 74840056 74840057 74840058 74840059 7484t0060 74840061 
Rock Type rhyolite porph. rhyo1i te a1bitised albitised albitised ,rhyo1 i.te rhyolite fine rhyolite 

ignimbrite dacite lava tuff tuff tuff ignimbrite ignimbrite tuff lava 
Grid reference 575108 682958 677956 656951 656951 656951 639937 630931 62.2932 612931 
1:100 000 sheet Brind. Brind. Brind. Brind. Brind. Brind .. Brind .. Brind. Br ind. Brind .. 

Si02 70.5 3 69.39 71.89 54.40 63.33 64.0S3 73.03 72 .. 69 48.42 72.07 
Ti02 0.57 0.47 0.53 1.37 0.92 0.94 0.40 0.41 1.66 0.44 
Al2 0 3 13.61 14.83 13.93 19.16 17.46 16.20 13.57 13.57 14.71 13.20 
Fe2 o3 1.40 1.00 0.83 0 .. 97 0.60 0.74 1.13 0.74 1.24 0.74 
FeO 1.42 1. 86 1 .. 39 5.24 2.62 2.99 0.78 1 .. 08 9.19 1.11 
MnO 0.04 0.04 0.12 0.22 0.10 0.14 0.11 0.09 0.19 0.09 
MgP 0.29 1.14 0 .. 60 2.67 1~22 1.38 0.42 0.39 4.48 0.38 
CaO 1.36 3.50 1.86 2.52 1.74 1.96 2 .. 12 1.3S 6.95 1.28 
Na2 o 3.38 2.87 3.62 4.56 6.64 5.66 4.05 3.85 3 .. 52 3.55 
K20 4.76 3o51 4.29 4.65 3.14 3.24 3.36 4"18 1.17 4.83 

P205 0.08 0.11 0.07 0.36 0.23 0.29 0.07 0 .. 06 0.33 0.05 
H20+ 0.82 0.70 0.23 2.53 1 .. 02 1.34 0.43 0.55 3 .. 98 0.56 
H20- 0.02 0.06 0.05 0.07 0.06 0 .. 04 0.07 0.05 0.04 0.02 
co2 0.90 0.05 <0.05 0.20 . 0.05 0 .. 25 0.05 0.30 3.05 0.75 
TOTAL 99.18 99.53 99.41 98~92 99.13 99.25 99.59 99.31 98.93 99.07 

Ba 1030 720 940 1550 920 940 820 1000 380 1250 
Rb 175 150 170 170 100 11.0 120 160 34 190 
Sr 310 240 390 390 350 310 490 340 350 260 
Pb 16 18 22 8 4 12 28 10 <2 24 
Th 16 20 18 10 18 10 16 16 <4 20 
u <4 4 6 <4 4 <4 4 4 <4 6 
Zr 240 200 220 160 210 180 270 250 110 280 
Nb 5 4 4 <4 <4 <4 4 4 <4 8 
y 30 25 30 30 35 30 35 35 30 30 
La 40 70 50 40 40 50 60 70 20 70 
Ce 80 100 80 80 90 70 100 90 50 90 
v 35 110 35 140 55 40 5 70 470 35 
Cr 15 45 25 35 5 15 5 10 
Co <5 2 <5 6 <5 <5 <2 <5 20 <4 
Ni 5 16 8 8 4 2 4 2 10 4 
Cu 12 10 12 154 182 176 8 8 10 8 
Zn 50 36 68 194 85 120 63 58 . 116 69 

I. 
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Table A17: MOUNTAIN CREEK VOLCANICS AND ROLLING GROUNDS LATITE 

Sample no. 74840066 74840067 71840361 71840479 711840531 72840144 
Formation Mtn. Ck. Mtn. Ck. Rolling Rolling Rollh·!g .Rolling 

Volcanics Volcanics Gr. Latite Gn.Latite Gn.Latite Gn.Latite 
Rock Type porph. rhyolite plag. pyx. plag.pyx. pJLag.pyx. pyritic 

rhyodacite lava lati te la ti te la t i te andesite 
Grid reference 661910 665911 512549 511579 57.3560 545654 
1:100 000 sheet Brind. Brind. Tantangara Tantangara Tantangara Tantangara 

Si02 69.68 71.28 62.00 61.70 61. '10 57.20 
Ti02 0.49 0.52 0.56 0.59 0.59 0.80 
Al2 o3 14.41 14.'15 13.70 13 .. 10 13.20 16.10 
Fe 2o3 0.58 0.90 1.25 1.90 . 1.45 1.18 
FeO 1.90 1.34 4. 55 4.15 4.50 6.00 
MnO 0.07 0.10 0.11 0.09 0.09 0.12 
MgO 0.76 0.56 5.50 5.65 5.35 4.80 
CaO 2.05 1.94 5. 35 4.85 5.40 6.50 

. Na2o 1.75 3.64 2.00 1. 99 1.40 2.10 
K2 0 6.66 4.32 2.65 3.05 3.6 0 1.49 
P205 0.06 0.02 0.13 0.12 0.13 0.12 
H20+ 1.08 0.37 1.99 2.20 1.85 lo73 
H20- <0.02 0.03 0.15 0.22 0.31 0.07 
co2 0.20 0.05 0.20 0.05 0.10 0.10 
TOTAL 99.69 99.22 100.14 99.66 99.67 98.31 

Ba 1000 960 540 731 610 380 
Rb 260 160 120 118 140 65 
Sr 180 420 270 232 240 305 
Pb 22 24 100 13 16 60 
Th 18 16 16 14 12 8 
u 4 <4 6 7 <4 <4 
Zr 200 220 160 162 125 100 
Nb 4 <4 4 <4 <4 <4 
y 30 30 24 21 20 20 
La 60 50 20 26 30 30 
Ce 80 80 50 60 50 40 
v 120 35 165 150 
Cr 55 5. 65 85 45 
Co <5 . 15 28 15 22 
Ni 10 2 S5 72 45 18 
Cu 12 10 45 48 4.5 60 
Zn 56 71 38 75 40 50 



Table AlB: MICALONG SWAMP BASIC IGNEOUS COMPLEX 

Sample no. 71840397 71840398 72840124 72840132 72840219 73840276 73840314 73840350 73840357 73840363 
Rock Type o1iv ine leuco- quartz porph. cpx. porph. hbl. graphic ferro ferrohast. ura1ite 

gabbro gabbro dolerite do1eri te gabbro dolerite tonalite gabbro tonalite 1eucogbro. 
Grid reference 393629 402626 366903 379935 364722 443966 402975 463112 371179 39804.9 
1:100 000 sheet Tantangara Tantangara Brind. Brind. Brind. Brind. Br ind. Brind. Brind. Brind. 

Si02 49.40 46.40 54.50 49.90 49.50 5lo62 69.09 50.75 61.92 49.14 
T!L02 0.43 0.31 1.82 lo07 0.27 0~98 0.54 1. 6 7 1.09 0.23 
A12o3 17.50 20.00 14.60 16.10 17.20 16.06 14.63 16.02 14.84 23.54 
F,e2 o3 1.55 1.45 4.55 2.15 1.05 2.38 lefil 4.89 4.40 0.82 
FeO 4o65 3.25 7.35 7.45 4.00 7.10 3.37 7.21 4.98 2.40 
MnO 0.11 0.08 0.16 0.22 0.11 0.16 0.06 0 .• 13 0.17 0.03 
MgO 10.10 9.95 3.55 7.65 9 .. 40 6.63 0.72 4.97 1.38 5.97 
CaO 12.20 14.50 6.40 11.10 l5e00 10.81 3.66 1.0.17 5.10 15.59 
Na2 o 2.10 1.16 4.30 2.10 1.70 2.14 4.90 2.36 4.10 1.64 
K2 0 0.12 0.18 0.08 0.12 0.06 0.43 0.26 0.56 0.15 0.06 
P205 0.03 0.02 0.21 0.12 0.02 0.05 0.10 0.06 0"33 0.03 
H2 0+ 1.51 2.20 1.98 1 .. 50 1.6 0 1. 36 1.04 1.33 1 .. 32 0.76 
H20- 0.19 0.22 0~10 0.06 0.07 0 .. 04 0.04 0.01 0 .. 10 0.02 
co <0.05 0.05 0.05 <0.05 0.05 0.05 0.05 0.05 0.05 0.05 . 2 

· 'i'Pl'AL 99.89 99.77 99 .. 65 99.54 100.03 99.81 100.07 100.18 99.93 100.28 

Ba. 70 28 90 85 15 100 220 150 110 20 
Rb 12 9 11 10 3 10 10 16 1 <1 
Br 150 133 207 145 150 170 200 210 240 230 
Pb <2 <2 263 152 <2 <2 <2 <2 3 <2 
Th 4 <4 <4 <4 <4 <4 10 <4 6 <4 
u <4 <4 4 <4 <4 <4 6 4 4 <4 
Zr 20 12 145 53 14 50 260 80 390 <5 
Nb <4 <4 <4 <4 <4 <4 <4 <4 4 <4 
y 10 <10 42 21 8 20 40 20 40 <10 
La 30 <10 36 10 <10 <10 20 <10 <20 <10 
Ce 11 28 13 <10 <10 50 20 50 <10 
v 110 320 220 150 385 38 830 145 
Cr 15 10 35 15 30 70 
Co 35 53 42 44 10 40 22 48 5· 18 
Ni 90 170 5 94 48 20 <2 40 10 65 
Cu 170 93 7 24 42 40 52 46 8 10 
Zn 25 36 46 83 10 . 69 16 48 48 4 



34 

Table Al8: MICALONG SWAMP BASIC IGNEOUS COMPLEX (cont.) 

Sample no. 73840366 73840367 73840397 73840399 73840401 73840402 73840403 73840406 73840407 73840408 
Rock Type epidotised urali te leu co- ferro.qtz urali te ferro. qt:z uralite ferro ol. pyx. ferro 

granophyre dolerite granodr. dolerite dolerite dolerite dolerite gabbro gabbro gabbro 
Grid reference 368998 362997 451104 376956 379960 380959 380957 386961 391970 396970 
1:100 000 sheet Brind. Brind. Brind. Brind. Brind. Brind. Br ind. Brind. Brind. Brind. 

Si02 66.90 52.64 76.15 53.00 50.90 51.77 50.70 45.09 50.05 45 .. 30 
Ti02 0. 60 1.00 0.13 1.78 0.76 1.94 0.94 2 .. 63 0.55 3.30 
Al20 3 14.61 15.70 12.52 15.04 16.44 15.01 15.74 14.87 J 1. 85 14.31 
Fe2 o3 2.12 1. 65 0.78 3.57 1.76 4.21 2.36 6.27 1.66 5.20 
FeO 2.66 6.93 1.46 8.56 6.34 8.21 6.43 9.92 5.86 10.60 
MnO '0.04 0.15 0.03 0.21 ' 0.13 0.09 0.16 0.19 0.15 0.22 
MgO 0.93 5.88 0.17 3.91 7.30 3 .. 85 6.73 5.57 9.75 5.64 
CaO 4.15 10.28 .1. 39 8.12 11~66 8.19 10 .. 82 10.44 13.58 10.61 
Na2 o 4.80 2.94 4.28 3. 38 2 .·64 3.80 3cl0 2.48 1.82 2.25 
K2 0 0.03 0.19 2.26 0.27 0.13 ·0.11 Oe23 0.10 0.14 0.10 
P205 0.13 0.11 0.01 0.23 0.09 0.24 0.10 0.05 0.04 0.06 
H20+ 1.78 1.58 0.54 1.52 1.47 '1 .. 64 1.53 1.35 1.43 1.22 
H20- 0.14 0.02 0.16 0.16 0.15 0.10 0.19 0.17 0.15 0.10 
co2 <0.05 0.05 0.05 0.05 0.05 0.05 0.05 <0.05 <0.05 0.05 
TOTAL 98.89 99.12 99.93 99.80 99.82 99.21 99.08 99.13 100.03 98.96 

Ba 30 70 500 <10 30 100 80 120 20 30 
Rb 2 5 75 12 5 4 8 <2 5 2 
Sr 170 165 80 130 180 230 155 140 145 220 
Pb <2 <2 4 32 <2 <2 <2 <2 <2 6 
Th 8 <4 12 <4 <4 <4 <4 <4 <4 <4 
u <4 <4 4 <4 <4 <4 <4 <4 <4 <4 

· Zr 250 75 210 110 50 75 60 35 20 30 
Nb <4 <4 <4 <4 <4 <4 <4 <4 <4 
v 40 20 50 40 20 30 20 15 15 15 ·.s. 

La <10 <10 40 <10 <10 <10 <10 <10 <10 <10 
Ce 50 <10 70 20 <10 20 <10 <10 <10 <10 
v 125 325 400 275 510 295 1050 305 1250 
Cr 55 10 20 20 15 20 
Co 14 36 <5 30 42 40. 44 62 48 50 
Ni 5 25 15 10 55 8 45 . 18 70 5 
Cu 10 18 14 40 18 14 30 56 40 46 
Zn 2 33 36 100 52 54 58 104 52 85 
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Table Al8: .MICALONG SWAMP BASIC IGNEOUS COMPLEX (cont.) 

~ 

Sample no. 73840409 73840411 73840412 74840045 

Rock Type graphic graphic graphic anorthos. 

tonalite granodr. granodr. gabbro 

Grid reference 400971 402976 402976 399055 

1 :100 000 sheet Br ind. Brind •. Br ina. Brind. 

Si02 63.39 71.72 70.99 45.85 

Ti02 
0.82 0.25 0.27 0.07 

k1203 15.15 13.73 . 13.78 28.22 

Fe2 o3 
2.72 2.07 1.38 '.1 .. 09 

FeO 4.34 2.55 2.96 1.35 

MnO 0.11 0.04 0.07 O.Q4 

MgO 1.20 0 .. 26 0.28 4.31 

CaO 4. 46 2 •. 21 . 2.48 16.47 

Na2o 4.90 5.00 4.72 1.28 

K2 0 0.58 1.19 1.35 0.07 

P205 0.27 0.03 0.04 0.02 

H20+ 0.98 0.62 0.89 1.22 

H20- 0.16 0.16 0.15 0.02 

co2 
<0.05 0.05 <0.05 0 .. 05 

TOTAL 99.08 99.88 99.36 100.06 

Ba 300 600 600 40 

Rb 22 32 36 12 

Sr 175 120 115 240 

Pb <2 <2 <2 <2 

Th 8 10 12 <4 

u <4 4 <4 <4 

Zr 210 310 330 44 

Nb <4 <4 <4 <4 

y so so 60 20 

La 30 30 30 <10 

Ce 60 70 60 50 

v 18 10 65 

Cr 15 15 15 

Co 16 4 4 50 

Ni 5 5 <3 11B· 

Cu 14 18 12 3 .. , . 
~-

Zn 30 11 30 24 

! 
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Table Al9: TERTIARY BASALTS 

Sample no •. 72840052 72840216 
Rock Type alkali alkali 

basalt .basalt 
Grid reference 362388 453463 
1 ;100 000 sheet Tantangara Tantangara 
l 

I .: • 45.30 45.20 
j s J.02 
Ti02 2.45 1.91 

A:l203 15.00 15.40 
Fe2o3 2.05 2.50 
FeO 8.20 9.85 
MnO 0.15 0.22 
MgO 8 'h 15 9.20 
CaO 10.20 10.40 
Na2o 3.05 3.20 
K2 0 1.36 0.86 

P205 1.16 0~08 

H20+ 2 .. 02 0.55 
H20- 0.90 0.21 
co2 0.10 Oo05 
TOTAL 100.09 99.61 

Ba .720 580 
Rb 19 13 
Sr 1200 980 
Pb 10 5 
Th 6 6 
u 6 4 

Zr 220 150 
Nb 85 55 
y 2!; 22 

La 60 40 

Ce 140 100 
v 215 235 

Cr 12 35 
Co 40 80 
Ni 170 130 
au 90 75 
Zn 80 75 
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ORDOVICIAN STRATIGRAP!!IC UNITS 

The Ordovician rocks of TANTANGARA and BRINDAbELTJA have been divided 

into six units.. The two oldest - the Bol tons and Nnngar beds, whose bases are 
., 

no+ exposed - consist 0f distal quartz-rich flysch, and are at least as old as . 

the Darriw:ilian. /In the west, the Boltons beds are succeeded by upper 
I 

I 

Darriwilian to upper Gisbornian volcanics which have been divided into three 
I 

I . .. . 

fC'rmatiom::.: . the Gooandra Vo:Lcanics, Nine Mile Volcanics, end Tem·t>erance 
I 

Formation. In the east, distal quartz'-rich flysch sedimentation continued 

with the Nungar beds, and pe .• :sisted after volcanism had ceased. 

During the middle Eastonian a thick sheet of proximal quartz-rich 

flysch (/;daminaby beds) covered the area; its deposition continued ii.tto ·.the 

early Bolindian. ,The Ordovician was brought 'to a c~ose by· a widespread 

tee tonic episode - the first phase of the Benambran fold episode - thEJ 

B'tyle of whiuh is ~.argely obscured by later events. 

,;) 

Boltons beds 

N omencla tu~ 

As a result of reconnaissance mapping, around the Happy Jacks·, River . 

(KOSCIUSKO) for SMHA, Fair bridge & others ( 1951 ) gave the name 'Boltons 

Greywacke 1 to a sequence of fine-grained clastic rocks with minor bands of 
• ),1 

thin-bedded chert, impure quartzite., dark slate, and shale .. · ··~rhe unit was said 

t,.:> crop out over a wide area on. Bol tons Hill, in the Wagga Wagga and 

TalL1nga tea 1 : 250 000 Sheet areas. Moye ( 1 953 )·, as a result 'of more detailed 

mapping, found the sequence to be essentially qua:::-tzite, tuffaceons quartzite, 

greywacke
1
,. and sla.te, ar:d called it the I Bol tons Beds 1ce 

~. :.~'' :- .- -· ," 

Gardner {in Ow~n J others, 1964b), from mappip.g which covered 

TANTANGARA as well as the area around Boltons Hill, distinguished five 

li thologicC\1 units: .·three are fine"l;gra:i ned to very fine-grained quartz · 
. ' . 

ai"eni te and interbedded argillite, and t.wo are argillaceous beds with 

interbedded arenite; Ga~dner consi,dered' the arenite unit at the top of the 

sec:uence to be slightly tuffaceous. The quartz arenite has an a:...gillac-..~ous 



M2 

ma.J;rix, commonly rRcrystallised to sericite, with chlori+.e and minor epidote; 

it is apparently the same as Fairbridge's 'Boltons Greywacke'. As lithic 

fragments arr scarce or absent the term 'arenite' is :preferred to 

'greY111acke' • For the sequence as a who.Le we have adopted the name Bol tons 

bedr.. 

The Boltons beds were regarded by ~he earlier workers as the basal 

unit of the Ordovician succession in the ar~~. However. traverses to Farm 

Ridg'e (grid ref. 260055, !(OSCIUSKO) and we;nt of Jagungal (grid ref. 240000, 

KOSCIUSKO) indicate that the Boltons beds, though markedly thinner, continue 

south of the ref-arcnce area of Fairbridge & others (1951 ); at Jagungal they 

are underlain by meta basalts which do not crop out farther north, and are 

overlain by a chert-volcanogenic sequence continuous with the Kiandra GJ;"oup. 

Since the area between Happy Jacks River qnd Jagungal will have to 

be mapped in detail before the relLtion between the Bol tons beds and th~~ 

underlying meta basalts is fully understood, the n&Il\e is used informally. In 

TANT.ANGARA and BRINDABELLA the unit forms the basal part ·of the E-xposed 

Ordovician succession. 

perivRtion of name 

The name is derived from Bol tons Hill - latitude 36°8, longi h1de. 

, l48°28'E (grid ref. 325125 1 KOSCIUSKO) - where the beds are well 0xposed. 

Reference section 

Fair bridge & others ( 1 951) deB-::ri bed the distri bu+.io!l of the Boltons 

beds between Tempera'1Ce CrGek and Happy Jacks River, but did not name a type 

section. l, continuous section through the complete successicn has not been 

found because the sequence is faulted at several localities alcng Temp,erance 

Crr;ek, Temperance S.9ur, and Happy Jacks Road. We have described a reference 

SACtion in the.reference area of Fairbridge & others (1951) between Boltons 

Creek and .Bol tons Hill (Table M1, Fig. M1), and recommend that this sP.c tion 

be considered as the type section if the unit. is formally defined at a.later 

date. Owei1 & others·. ( 1974 b) have described additional reference sections of 

the Bol tons beds in tha B,ega, TallA.nga tta, and Wagga 1•r9.gga 1 :250 000 Sheet 

areas n~aar the refnrenee area of Fair bridge & othel~s ( 1 951 ) • 
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::~LE M1. REFERENCE SECTION OF THE BOLTON$ BEDS 

·-------------------------------------------------------------------~----------------------

Ap~r-ox 
dlrs ~nee ~graphic description 

(m) --
0 Sta1·t of section: Boltons Creek, 350m 

·NNW of mot.rth of tr ibu·~ary creek that 
flows from NNE (grid ref. 339138, 
KOSCIUSKO>. Section I ine r·uns 280o 

80 Sect I on I i ne turns ro 240o 

150 

300 

380 

520 

670 

720 

1170 

2010 

2060 

2260 

2380 

Ser.tion line turns to 267o 

Section I lne tu:ns to 330o 

Section line ~·urns to 005o 

Section line crosses track on crest 
Bolton:; Hi II 

Section line turns to 306o 

Section I lne turns to 270o 

end of section <grid ref. 326154, 
Y.ARR/\NGOB ILLY) 

of 

Geological description 

Lowe• arenaceous unit; thick-bedded 
fine~grained quartz arenite 

Fine-grained quartz arenite or 
sandstone and interbeds of silty 
mudstone 

Top of lower arenaceous unit; 
section passes into upper argll laceous 
unit. Outcrop is scarce; fragments in 
sol I are of thin-bedded siltstone and 
I aminated sha I e. . . 
Siltstone, shale, fine-grained 
quartz sandstone 

Thin-bedded siltstone and shale 

Siltstone, shale, fine-grained quartz 
sandstone 

·Top of upper argillaceous unit;' 
section passes into upper arenaceous 
un!Y · 

Flne~grained quartz sandstone 
(probably tuffaceous), siltstone, 
and shale 

Fine-grained arg i I I a ceo us arenite, 
si ltstore, and interbeds of slate 

Fine-grained argillaceous arenite, 
siltstone, and argillite interbeds 

Very fIne-grained arg i I I aceous .and · 
quartzose siltstone, thin beds'of 
e1rg iII ite 

Fine-grained slightly argillaceous 
quartz arenlte or impur·e quar+zite 
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Fig Ml Location of reference section of the Boltons beds 

155/AIG/2256 
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Distribution 

From Happy Jacks Road (Ta1langatta and Wagga wagga 1:250 000 Sheet 

ar~hs) the outcrop of the Boltons beds extends north and northeast paEt 

Sawyers Hill and Tantangara Mountain to the edge of Boggy Plain in TANTANGARA, 

where it is bounded bjr tLd Gang Gang Adamellite and Boggy Plain Adamellite. 

From Happy Jacks Road northwards past Four Mile Hill, the outcrop width is 

more than 3000 m; about 800 m south of the Encumbene River, the Boggy Plain 

Adamellite has intruded the lmver units, and the outcrop w~dth of the Bel tons 

beds is reduced to less than 1000 m. A small outcrop of the Boltons beds 8 km 

north of Tantangara Mountain is surrounded by the Temperance !fopmation; it is 

here c9.lled the 'Gooandra Inlier', after Gooandra homestead. 2 km to the west. 

'rhe Bol tons beds also occupy a small area at the edge of Blanket Plain, krn 

f',Outheast of the I Gooandra Inlier'. Most of Blanket Hill' 5 km north of 

Tantangara ~ountain, consists of the Boltons beds; this is part of the 

outcrop near Tantangara Mountain displaced along a si:qistral wrench fa:ul t,. the 

Boggy-Plain Fault. The outcrops on Blanket Hill continue south on the eastern 

side of the Boggy Plain Adamellite before being cut out by faulting south of 

Blackfellows Hill. 

At Far Bald Mountain (grid ref. 314099, KOSCIUSKO), within 4 km south 

of the type area, 'Williams ( 1 974) showed that the Bol tons beds are cut out 

by faulting and the intrusion of the Happy Jacks Granite. However, as 

mentioned above, traverses that we have made south of Far Bald Mountain 

indicato that the Boltons beds crop out a& a distinct unit of fine sandstone 

and cherty siltstone. South of Jagungal the extent of the Boltons beds is 

uncertain. 

Lithology 

Gardner (in Owen & others 1974b) identified five lithological units 

within the Bol tons beds in the reference area, on Bol tons Hill: 

tuffaceous unit 

upper arenaceous unit 

upper argillaceous unit 

lower arenaceous unit 

lower argillaceous unit 

Gardner postulated the presence of tuffacecus beds in the uppermost. unit_ 

primarily from the occurrence of actinolite and epidote which he c::>"~'.sidered 
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to represent altered fine-grained Ca-rich volcanic debris. We have re

~xamined all thin sections from the tuffaceous unit but failed to identify 

actinolite; the reported occur:cenC'~ctpparently results from misidentification 

of chlori tic minerals. in addition, epido r·? i.s restricted to veins. Also, 

detrital plagioclase which Gardner identified in thln section exhibits reverse 

zonation in some samples, and ·her:ee is mor-e likely of metamorphic rather than 

volcanic origin. Only one sample from the tuffaceous unit shows any evidence 

of volcanic activity; it contains albitised plagioclase grains. 

We ther~fore consider that the presence of tuffaceous beds within 

the Boltons beds is restricted, and that Gardner's tuffaceous unit is best 

regarded as part of the upper arenaceouR unit, thus reducing the number of 

un:;. ts recop;nised to four. Of t.hese only the upper' arenaceous unit crop~ out 

north of the Eucumbene River; the lower units abut against the Boggy Plain 

Adamellite south of the river. 

The Boltons beds are dominated by fine quartz arenite, quartz 

siltstone, and shale. Coarser quartz arenite with grains up to 1 mm is 

present mainly in the arenaceous units. Sedimentary structures are common 

and facilitate the recognition of Bouma's (1962) and Walker's (1967) divisions 

of the ideal turbidite unit; divisions A and B of Bouma's sequence are 

commonly missing, particularly in the argillaceous units·, i 11.dicating that much 

of the Boltons beds was deposited in the distal parts of turbidite flows. 

A typical fine quartz arenite has a bimodal size distribution of 

quartz grains. The larger grains, well rounded and about 0.25 mm, are 

scattered through a matrix of angular grains less .than 0.10 mm. The smaller 

size fraction .. commonly forms about 60% of the rock; the larger fraction 

.around 10%. The quartz grains are typically unstrained, and have few 

inclusions. Fine phyllosilicate minerals form the remainder, except for minor 

muscovite, zircon, tourmaline, potash feldspar, and plagioclase. Rock 

fragments are very rare. 

The bimodal size distribution is typical of many sandstones in the 

Ordovician and Lower Silurian flysch units of the Lachlan Fold Belt. The 

cause is uncertain. It may represent two different source3 for the quartz 

grajns, the angular quartz being derived from an igneous or metamorphic 

source, and hence 'first-cycle' grains, while the rounded grainf3 must have 

been through at least one previous sedimentary cycle before they were 
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incorporated. in the Bol tons beds. The muscovite occurs as elonga tu, often 

deformed, flskes up to 0.3 mm long; it appears to be of primary origin. 

Biotite may also occur, but unlike muscovite is clearly of contact

metamorphic origin. Zircon may ~Je a fair·ly abundant accessory mineral, and 

occurs as rounded grains up to 0.1 rum across.. 'Jiourmalina is also a common 

accessory mineral; three verieties, with pleochroism from light brown, olive 

green or blue to colourless, are present, the first two being more common. 

Rare plagioclase grains have an oligoclase-andesine composition; 80me of'them 

show reverse zonation, indicating that they ar9 probably derived from a 

metamorphic source. rHcrocline, orthoclase, and grains of fine quartzite are 

also rare. No volcanic rock fragments have been identifiud. 

One sample from near the top of the Boltons beds in Temperance Creek 

(YARRANGOBILLY) is unusual in containing about 25% of rounded albitised 

plag::.oclase grains abo1..1.t 0. 15 mrn wide. The remainder of the rock is composed 

of quartz ( 60%), .::md minor zircon, tourmaline, and a phyllosilicate matrix. 

rhe presence of the albite suggests that an early phase of volcanic activity 

assoGiated with the Kiandra Group or Gooandra Volcanics had commenced during 

~1e final stage of deposition of the Boltons beds. 

Coarser-grained arenites are similar mineralogically to the fine 

arenites described above, differing only in the size of the quartz grains. 

The larger grains may be up to 1 mm in diameter, and the framework grains may 

be up to 0.2 mm across. Concomitant with the increase in the quartz 

grainsize, ·the plagioclase and muscovite grainsizes are unchanged ,r but the 

zircon and tourmaline grainsizes increase, and the degree of sorting 

decreases. 

On the other hand, as grainsize decreases 1 the pr6portion of 

phyllosilicate matrix increases; in most sil tstnnes L may :"orm over 50% of 

the rock, while the well-rounded larger quartz grains and plagioclase 

disappear. A continuation of this trend results in mudstones, most of which 

still contain scattered small quartz Grains. 

Chert is unknown from the lower part of the Bol tons beds, but towards 

the up11er boundary with the Temper~nce Formation impure chert containing 

scattered small quartz grains and rare recrystallised radiolaria tests becomes 

increasingly common. 



M8 

Sedimentary structures 

The Bol tons beds contain many of the sedimentary structures typical 

of flysch deposits: graded bedding, plane-:parallel lamination, ripple cross

lamination, and contorted bedding are all present. Graded bedding, forming 

the basal division of a turbidite unit, i& ~lmost totally restricted to the 

arenaceous units, indicating a relatively more proximal flysch facies for 

these two units than for the argillaceow:3 units. Ho'll'ever,. it shou:i.d be 

emphasised that the ar8naceou3 units may still represent a distal facies. 

Sole marks are rare; no doubt they wer~ destroyed by interbl~d shearing that 

acco1Upar1.1.ed the intense folding of the Bol tons beds. 

Em'~rc.ament of deposition 

The sedimentary structures indicate that the Boltons beds are a 

sequence of mainly distal'flysch sediments deposited by turbidity currents, 

probably in daep water. The source of the sediments and the direction of flow 

of the currents &re not directly known. The abundance of quartz, and the 

presence of muscovite, plagioclase (metamorphic in origtn), orthoclase, 

microcline, zircor., and tourrna'.!..ine, indica i;e that the source area must have 

included regionally metamorphosed rocks> and possibly gra~li tic bodies. 

Possible source areas are the Carpentarian rocks of the Willyama Complex and 

the Kanmantoo Fold Belt, to the west; the ?Cambrian Girilambone beds and 

their probable southern continuation, the Jindalee beds, north of Tumut, to 

the northwest; and Cambrian rocks in Victoria, Tasmania, and Antarctica, to 
I 

the south. We consider a southerly source to be most likely, and p::>stulate, 

from regional considerations, that the Bol tons beds were deposited on the 

outer fronts of a large submarine fan. 

Thickness 

Gardner, in Owen & others (1974b), suggested that the Boltons beds 

are about '4000 m thick, a maximum estimate since no allowance for folding 

was made. As the Boltons beds are isoclinally folded in places (Moye, ·Sharp, 

& Stapledon, 1963), a more likely o.stimate of the thickness would be between 

1 000 and 2000 m. 
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Relations 

The Bol tons beds are apparently conformably underlain by a metabasalt 

unit uear Jagungal (KOSG IUSKO), and are overlian by the Kiandra Group in the 

HappJ' Jacks area and in TANTANGARA. Eastwards they ara thought to pass 

laterally into the lowor part of the Nungar beds. 

The Bol tons beds are unfossiliferous, so their age can be deduced 

only from 'thelr relatic.'n with other units in the area. The Kiandra Group 

contains Gisborniau graptolite.<;! (Sherrard'1954; Opik, 1952). East of the 

Happy Jacks area, the N.mgar beds and their equivalents contain graptoli tas 

ranging in age from Gisbornian to Eastonian. Since the Boltons beds underlie 
'· 

the Kiandra Group and are considered laterally equivalent to the lvwer Nungar 

heds, they may be of Darriwilian age - that is, contemporaneou's with the lower 

part of the Pittman Formation :i.n Canberra, a distal flysch unit from which 

Opik (1958) reported Darriwilian graptolites. 

Gooandra Volcanics 

(new name) 

The name Gooandra Volcanics has been introduced as a result of 

additional petrographic and geochemical studies since our previous account 

of the area (Owen & others, 1974b), in which we included these rocks in the 

Nine Mile Volcanics. Lavas of the Gooandra Volcanics are now known to be 

distinct from those of the Nine Mile VolcaniC:s and from lava clasts in the 

Temperance Formation. Moreover, the Gooandra Volcanics are separated from 

the Temperance Formation by the Kiandra Fault, whereas.the Nine Mile Volcanics 

conformably overlie that unit. 

Nomenclature 

Best & others(1964) included in the 'Peppercorn Beds'much of what we 
recogntse,as the Gooandra Volcanics, since they mapped as the Long Plain Fault 

what 'ore recognise as the Kiandra Fault. Mackenzie (1968) identified the 

correct.location of the Long Plain Fault near Kiandra, anj included the 
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vol~anics in question in the Nine Mile Volcanics. This nomenclature was 

followed by Owen & others (1974b), but we now separate the volcanics and 

sedir,·ents between the Long Plain Fault to the west and the Kiandra Fault to 

the east, and here call these rocks the Gooandra Volcanics. Almost all the 

volcanics mapped by Mackenzie (1968) as Nine Mile Volcanics are within our 

Gooandra Volcanics. 

~~Jtion of name 

'l'he volcanics are named after Gooandra Creek, a tribu·hary of 

Tantangara Creek. 

Type section 

The type section is designated as 'lying just south of Gooandra 

homestead, and extending west-north~est from t'1e Kiandra Fault to a point 160 

m west of Gooandra Creek. Owen & others ( 1 97 4 b) named this section as a 

reference section for the lower half of the Java unit of the Nine Mile 

Volcanics. The location of the type section is shown in Figure M2 and a 

description is given in Table M2. 

Distribution 

The Gooandra Volcanics occp.py a fault-bounded block that extends from 

IJong Plain (at grid ref. 41 7528) south to Kiandra Plain (grid ref. 355345) and 

the Gooandra Creek valley, and from there soutr.-southw·est into YARRANGOBILLY, 

where it is cut out in the headwaters of Clear Creek near Selwyn Quarry. .This 

block is about 32 krn long and reaches a maximum width of about 5. 5 km ne.qr 

the type section, but part of the area is obscured by Tertiary basalt. On 

Kiandra Plain, much of the area formerly occupied by the Gooandra Volcanics 

now exposes the 'Shaw Hill Gabbro' (after Mackenzie, 1968), which is possibly 

the intrusive equivalent of the Gooandra Volcanics. 

Since the Gooandra Volcanics are entirely fault-bounded their 

relation with other rock units such as the Tumut Ponds beds (YARRANGOBILLY) 

and I(iandra Group are unknown. In the Geehi and Tumut River valleys 

(KOSCIUSKO) L.A.I. Wyborn (1977) has mapped lavas and tuffs that may be 

similar to the Gooandra Volcanics;. these rocks generally occur in fault 

blocks west of rocks correlatable with -!.;he Kiandra Group. The 'O'Hares Beds' 

(Stapledon, 1957) and the Coppermine Creek Volcanics (Moye, 1953) may also 

be equivalent to the Gooandr~ Volcanics. 
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Lithology 

Field occurrence. The Gooandra Volcanics consist almost entirely of 

basal t::.c to andesi tic lc=Pra and breccia, with minor interbedded rhyolite ( Ogl) 

and tuffaceous sand stone, siltstone, and shale ( Ogs) • The lavas and breccias 

commonly form lCl.rge oval outcrops up to several metre8 high and aligned 

parallel to the prominent north-northeast-trendir.g foliation in the region. 

this style of outcrop is well developed on both sides of the Snowy Mountains 

Highway between Kiandra and Gooandra Hill. tre tuffaceous sediments are 

poorly exposed, highly weathered, and strongly clE~aved 1 and may be more 

abundant than indicated. 

TABLE M2 

TYPE SECTION OF THE GOOANDRA VOLCANICS 

_R~e~f~e~r~e_n~c~e~p~o=i~n~t-----------------------~G~e~o~l~o~g~i~c~a~J~-~qg~s~c~r~i~p~t~i~o~n~-------------

Start of section: in creek bed 
(grid ref. 393361 ) • 1 km SE 
of Gooandra homestead. Section 
bears 300° 

At 100 m 

At 350 m, section bears 348° 

At 750 m, section bears W 

Track to Gooandra homestead 

200 m W of track 

Down the steep slope to Goo~~dra 
Creek 

Bottom of slope beside Gooandra 
Creek 

End of section: 160 m W of 
Gooandra Creek (grid ref.377370) 

Kiandra Fault; no outcrop, but fault 
presumed to run along t.:reek on bearing 
of 020°. Devonian dioriti~ intrusion 
on eastern side of creek 

Weathered tuff 

Grey-green lava with small plagioclase 
phenocrysts; flow banding appears to 
dig 50° towards 315°, cleavage dips 
70 towards 295° 

Lava porphyritic in plagioclase 

Sheared lava 

Sheared porphyritic lava 

Grey-green lava in small weathered 
exposures 

Sheared banded argillite and 
plagioclase-rich tuff 

Pillow-like agglomerate with oval 15-cm 
cobbles elongated parallel to cleavage 
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Owen & others (1974b) divided the sequence in the Gooandra Cveek and 

upper Eucumbene River areas into two belts: an eastern lava belt and a 

'qestern breccia belt; the boundary between the two roughly follows Gooandra 

Creek. To the &orth this subdivision is not pos8iDle,~and to the southwest, 

outside TANTANGARA, our reconnaissance mapping failed t.o detect the two belts. 

Their relative age is unknown, as dips are s·~eep and facing is unknol<m. 

Folding is probably intense, for the '3haw HiL. Gabbro' (after Mackenzie, 

1968), which intrudes the Gooandra Volcanics north of New Chum Hill 

(YARRANGOBILLY), is folded into a number of anticlines and synclines with a 

ltaveJ ength of less than 1 km (r.tackenzie, 1968). 

The lavc9 belt is atout 1. 5 km wide and extends north-northeasterly 

from Ch.:-'1ce Creek to the western edge of Tantangaru Plain. Much of the lava 

north of Bullock Hill is probably a continuation of this belt. South of the 

northwesterly flowing upper part of Gooandra Creek, the lava belt consists 

of fine to medium-grained porphyri tie and aphyric andesi tic lavas. North 

of the creek a narrow belt of breccia occupies the middle of the belt. 

Porphyritic andesite at grid reference 383'368 consists of feldspar phenocrysts 

up to 1.0 mm long in a matrix of flow-oriented feldspar laths 0.1 to 0.2 mm 

long. ·rhis is typical of flows that are obviously porphyritic in outcrop; 

similar porphyritic lava crops out in the south at grid reference 365327. 

Fine-gr~ined porphyritic andesite crops out at grid references 391363 ond 

361333. In the north, east of the bo~ndary with the main bre~cia belt, 

medium-grained holocrys tal line non-porphyritic lava forms a belt about 400 

m wide. 

Flowi)anding is present in the lava at many localities (e.g., in 

porphyritic basaltic andesite et grid refs. 364316 and 391363). Measurements 
., 0 0 

at four localities give dips of greater than 50 towards 290-315 ; more 

often the banding is masked by shearing or foliation (e.g., at grid ref. 

376353) and the attitude cannot be determined. The lava may be finely banded 

(e.g., the fine-gra~ned andesite at grid ref. 366312) or forms massive 

outcrops 5 to 6 m wide (e.g., the porphyritic andesite at grid ref. 363318). 

East of the Snowy Mountains Highway and north of Gooandra Hill the 

andesite is nearly all aphyric, though porphyritic lava crops out at grid 

references 385459 and 389463. Amygdales filled with one or both of calcite 

and epidote are common in this area. 
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Sedimentary rocks are not ~ammon in the lava belt. Well-bedded fine 

to medium-grained tuffaceoue arenite crops out in the so~th at grid reference 

373346. In the north a thin layer of fine-grained argillaceous tuff and slate 

trends north-northeast through grid references 380367, 382367, and 382364; 
it r.;sts on a thi0k flow of medium-grained prophyri tic andesite, and is 

overlain ty a similar though finer-grained flow. A band of tuffaceous shale 

over 3) m wide emerges from beneath the TerLiary basalt at grid reference 
. ( 

364415 and can be traced on a bearing of 025 for about 300 m before giving 

way to lava, '"'hich in this area is mostly porphyritic - containing :ohenocrysts 
0 

of euhedral feldspar aths up to 4 mm lon.g - and h:Lghly cleaved along 020 • 

At grid reference · .. ~ a f~nely banded siliceous ·t.~tff displays intricate 

slump folding suggestive of a turbidite, and at grid re:f'erence 384?79 finely 

banded tuffaceous arenite and siltstone are interbedded. ~ips in the 
0 0 

sedimentary rocks are generally towards 270 to 280 and are grcqter than 
0 

60 • Dips to the east are rare. 

'rhe breccia belt consists of both brecciated lava and aph.rric flows. 

The flows are commonly paler than those to the east, and have been termed 

'rhyolites 1 
• The;y are best exposed in YARRANGOBILLY in a belt .11bout 300 m 

wide irmnediately west f)f the Snowy Mountains Highway south of Six Iviile Creek. 

In TANT.ANGARA, 1 rhyolites 1 crop out at grid re:P.Jr.ences 379381 y 378372, and 

358343. They qppear aphyric in hand specimen, but contain about 5% feldspar 

phenocrysts, mostly less than 2 mm long. Visibly porphyritic lavas crop out 

at grid reference 369351, and vesicular lava is exposed at grid references 

363344 and 371360. 

Throughout the breccia belt the lava is interbedded w~th or grades 

in to lava·~ breccia (hyaloclasti te) whi~h contains fragments, usually rounded, 

that range UJ> to 25 em (e.g., at grid ref. 380372). At some outcrops the rock 

is a pseudoconglomera te composed almost entirely of fragments. At g!'id 

reference 3'79358 the fragments appear to have been plastically deformed 

(Fig. M3) and are paler than the matrix. Some b:J.'eccia fragments are mainly 

rounded but have one angular edge, suggesting they were broken dur.ing 

transport; these fragmental rocks are interpreted as pillow brecciu;· composed 

of partly reworked pillows in a tuffaceous matrix. Pillow lavas are well 

e>. posed at grid reference 991 730 ( Ca bramurra SMA 1 -Nile Ser·ies Sheet area) , 

~ThF.re the pillows are up to 1 m long and 60 em wide. with little matrix 

(Fig. M4). At grid reference 358340 smaller pillows (20 em) are exposed and 

the matrix is more abundant. With an increase in the proportion of matrix 

the pillow lavas probably g1·ade in to the pillow breccias and flow breccias. 



Fig. M3. Plastically defonned lava fragments in a tuffaceous rna trix 
in the Gooandra Volcanics at grid reference 379358, 
TANTANGARA. 

(GB/1833) 

( 

·,.; 

~:'~~~; 
-~ .. <~. 

F:ig. M4. Pillow lavas in the Gooandra Volcanics r:+. grid reference 
991730, Cabramurra SMA ~-rHle Series Sheet area. 

(GB/1824) 
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· PetrographY.• The lavas of the Gooandra Volcanies have beetJ much more 

extensively altered by regional metamorphism than those of the Nine Mj le. 

Volcanics at the northern end of Long Plain. Most samples are aphyric and 

composed of the metamorphic af..3emblage altite-epidote-acti~olite-chlorite, , .. 

indicating greenschist grade metamorphism. Unlike the Nine Mile Volcanics, 

there is no eviaence that potash feldG".par was ·a major constituent of the 

original lavas. 'fhey ure highly .feldspathic, however, ·with albite 

constituting as much as 75% of the rock, and occnrring.as laths up to 1 x 0.2 

mm in the aphyric rocks. The laths are all aligned to some degree, giving 

the rock a trachytic texture. Epidote, actinolite, opaques, quartz (',rare), 

and chloritE: are interstitial to the albite ·laths. Widely scattered patches 
'• 

of epidote and quartz up to 10 rnm are present in some lavas. Some sample:= .. 

(e.g., from grid refs. ?)83462 and 372360) contain interstitial actinolite 

pseudomorphing clinopyroxene, but in only one·basaltic lava sample (from grid 

ref. 400488) has relict clinopyroxene been identified. 'l"he clinopyroxene 

grains are less than 0. 2 mm, and ,are rimmed by actinolite needles. 

Euhedral alhitised plagioclase phenocrysts are present i:!l some lavas; 
. I• 

they are up to 9 x 3 mm .and occupy 25% ·of a lava from grid reference 382367. 

The phenocrysts are mostly oriented parallel to the flow alignment ,of 

microlites in the groundmasso No mafic phenocrysts or pseudomorphs after mafic 

phenocrysts have been found in the Gooandra Volcanics, anC. in this respec.t 

they differ mal'kedly from the Nine Mile Volcanics, in which olivine. and 

clinopyroxei1e phanocrysts developed before plagioclase. 

In one aphyric lava (from grid -ref. 376370) about 20% magnetite, in 

addition to epidote, actinolite, and chlorite, is inter~titial to the albite 

microlites; however, th3 total mafic content is no higher~ and·maybe lower, 

than in most of the lavas. If this high magnetite content is an original 

feature of the lava, it indicates that the lava has undergone magmatic iron 

enrichment, suggesting a tholeiitic magma source. The lack of potassic 

minerals and the early crystallisation of th~ plagioc,Lase also suggest such 

a source, and so does geochemical evidence (see'· GEOCHEMISTRY AND PETROGENESIS). 

Minor 'rhyolites'. are interbedded with .the more ~bundant andesitic 

to basal tic lavas. They contain about 5% phenocrysts of feldspar in a 

groundmass of feldspar microli tes, qua.rtz, chlorite, muscovite, and biotite. 

Two types of 'rhyolite' hcwe been distinguished: 'the most Rbundant contains 
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albite phenocrysts; the less common variety contaj_ns phenocrys.ts that are 

patchy antiperthite - interpreted as unmixed anorthoclase of about Or 
30 

composition - in a groundmass that contains some potash feldspar. Biotite 

in the 'rhyolites' is ofmetamorphic origin and indicates upper greenschist 

.metamorphism. . It forms irregul&r flakes, less than 0.1 mm, pleochroic from 

X = Y =very pale olive-green to, Z = dark yellowish.green. Biotite is much 

more abundant in the anorthoclase-bearing 'rhyolites' than in the albite 

'rhyolites'. Although q_uartz is abundant in the .groundmass of the 

'rhyolites', it i~ not apparent as phenocrysts. 

A thin section from the core of a pillo'l-r lava from grid reference 

991730 (Cabramurra SMA 1-Mile Series Sheet area) revealed a mosaic of albite 

and actinolite laths and needles with interstices filled with epidote and 
' chlorite. In places epidote is the most abundant mineral. 

Tuffaceous sediments interbedded with the Gooandra Volcanics a~e 

mostly fine-grained with detritalalbite and less·cornmon lava fragments Jess 

than 1 rnm. Granular epidote, chlorite, opaq_ues, ·and secondary q_uartz make 

up the matrix material. · 

Intrusj_ons related to the Gooandra Volcanics (qgi) 

.r·11o farge and several smaller intrusions· are interpreted to be 

intrusive 'Jqui val en ts of the Gooandra Volcanics. · All but one, which is about 

2 k:m south-~outhwest of Four Mile Hill, intrude the western part of the 

volcanic sequence. The body- near Four Mile Hill is about 2 x 1 km, and partly 

covered by Tertiary basalt; it intrudes the upper part of' the Bol tons beds .• 

The other large body, named the 'Shaw Hill Diorite' by Mackenize (1968) though 

'Shaw Hill Gabbro' is preferred, occupies much of Kiandra Plain and does not 

extend east ihto TANTANGARA, though dykes (?sills) at grid references '356387 

and 369435 are probably connected to it at depth. Mackenzie (1968) has. mapped 

several dykes immediately west of the first of these, but according to his 

map they are not connected to the main 'Shaw Hill Gabbro' mass. 

All samples are similar, being composed of roughly equal proportions 

of plagioclase and clinopyroxene between 0.5 and 1.5 mm acro~s. The 

plagioclase has been albitised, and the clinopyroxene mostly altered to pale 
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or colourless actinolite, but a well-develop~d ophi tic t\·x:ture is still 

preserved. Unaltered clinopyroxene is colourless, with 2V = 40° and 
1\ 0 z z c = 41 • Epidote derived from the albitisation. of plagioclase, granular 

very dark brown ?iron oxide, chlorite, and quartz are common in irregular 

veins and patches. 

A sample from thA dyke at grid reference 356387 has not been 

albitised. Much of the plagioclase is sericitised but fresh grains are 

strongly zoned f'rom An to An 
60 20 

The strong zoning may be a result of 

partial albitisation. 

The intrusion south-southwest of Four Mile Hill is similar to those 

in the Gooandra Volcanics, as it is composed mostly of subophitic plagioclas.e 

and clinopyroxene. Average grainsize is about 0.3 mm. The subophitic texture 

and absence of potash feldspar (proved by staining) are in marked contr:ast 

to the intrusions related to the Nine Mile Volcanics. If this ·body is· related 

to the Gooandra Volc.anics it provides one of.the few clues to their age. 

Thickness of the Gooandra Volcanics .I 

ThE: greatest width across strike of the Gooandra Volcanics is 5 km, 
0 

near the type section. Dips are generally to the we~t-northwest at 60 or 
/ 

more. Whether the sequence is repeated by folding is not known, but the gross 

difference in the lithologies between the eastern (lavas) and western (breGcia 

and pillow lavas intruded by-gabbro) outcrops suggests that any repetition 

is probably only local. Consequently, ano. as the volcanics are fault-bounded, 

they are probably at least 3 km thick. 

Environment of deposition 

The breccias of the western Gooandra Volcanics were ohviously 

deposited in t.~ subaqueous environment; this is shown by the presence of 

pillow lavas and pillow breccias. In contrast, the lava belt in the east of 

the outcrop is mgre difficult to interpret.· Most lavas are massive and some 

are flow-banded' t!'wugh breccias are present 7 and interbedded sediments are 

uncommo.n, probably more so than in the west. Hawever, this does not preclude 

them from a subaqueous environment of deposition, as lavas can flow quietly 

on the sea-floor at pressures greater than the critical pressure of wat8r 
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( r-!cBirney, 1963) corresponding to a depth of 2000 m or more. McBirney ( 1963) 

and Rittmann ( 1969) showed that quiet eruptions could also occur at shallower 

depths (as shallow as 500 m) - the depth depending on the water content of 

the magma. Thus the lavas in the Gooandra Volcanics could conceivably have 

erupted as quiet flows on the sea floor if the water was greater than 500 m 

deep. Alternatively these lavas could be subaerial, but there is little 

evidence of a shallow-water environment -- such as interbedded limestone, 

k3hallcw-water ash beds, and reworked tuffs ..:.. between the western breccia belt 

and the eastern lava belt. There is no evidence to suggest that the eastern 

belt is the younger,though intrusive equivalents are concentrated in the 

western belt. 

The most likely interpretation is that the whole of the. Gooandra 

Volcanics is submarine. That the lavas behaved differently in the two belts 

may be 

west); 

(higher 

due to their eruption in contrasting depths o.f water (shallower in the 

their compo8ition (more evolved in the west); or their water content 

in the west). 
. (. 

Age and F-elations 

The Gooandra Volcanics are entirely fault- bounded, so their relations 

with other roc~ units are difficult to assess. None of the arenites in the 

Temperance Formation contaj_ns lava fragments that could have come from only·· 

the Gooandra Volcanics, although SOI1~e from low in the formation are low in 

K
2
o, a feature in common with the Gooandra Volcanics. Some of the lava 

fragments in the Temperance Formation contain clinopyroxene and hornblende 

phenocrysts, which have not been observed in the Gooandra lavas. Perhaps some 

of the fragments are from the Gooandra Volcanics and others are from unexposed 

volcanics. 

The Gooandra lavas have been metamorphosed along with the Kiandra 

Group. The greenschist-grade Nine Mi!e Volcanics. are unconformably overlain 

by the unmetamorphosed late Llandoverian to ?early Ludlovian Peppercorn 

Formation north of Long Plain. 11fle Gooandra Volcanics must have been 

metamorphosed before the Peppercorn Formation was deposited - i.e. before the 

1~.te Llandoverian. 
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The Gooandra Volcanics are mor& highly metamorphosed than the 

adjacent Nine Mile Volcanics and Tempcra··lCe Formation. This could be an 

indication that the Gooandra Volcanics are lowe~ in the sequence, and hence 

older. 

Two kilometres southwest of Four Mile Hill a dolerite stock intrudes 

the "'arri wilian Bol tons beds. TlJ.ls stock is petrographically similar to 
"' ' intrusions within the Gooandra Volcanic pile; if these are indeed related, 

then the volcanics cannot be older than the Darriwilian • 

. A Late Ordovician age is most likely for the Gooand.ra volcanism, part 

of the Molong Vol6anic Arc. Chemical affinities to an i3land-arc tholeiit~ 

(see GEOCHEMISTRY AND PETROGENESIS) suggest th.:>.t the Gooandra Volcanics 

erupted early in the history of the arc. We suggest that they correspond to 

the age of the earliest volcanic detritus in the Temperance Formation and so 

are probably late Darriwilian or early Gisbornian. 

KIANDRA GROUP: 

Temperance Formation·and Nine Mile Volcanics 

Fairbridge & others ( 1951 ) introduced the name 'Kiandra Beds' for 

the Ordoviciar.. rocks exposed around Happy Jacks Pondage, and subdivided them 

into the 'Bol tons Greywacke' , 'Temperance Cl1ert' r- and 'Nine Ydle Shale' • Moye 

(1953) restricted the 'Kiandra Beds' to those un:l.'L':3 in which volcanic rocks 

were an important component - that is, the 'Temperance Chert' and Nine Mile 

Volcanics ('Nine Mile Shale' of Fairbridge & others) - and regarded the 

Boltons beds (='Boltons Greywacke' of Fairbridge & others) as a .::.eparate unit 

underlying the 'K:umdra Beds' • This nomenclature has been followed by later 

authors (Best & others, 1964; Moye, Shar:?, & Stapleton in Packham, 1969; 

and Crook, Bein, Hughes, & Scott, 1973). 

In this work we renam~ the 'Kiandra. Beds' the Kiandra Group, and 

consider it to comprise the Temperance Formation (renamed herein from 

'Temperance Chert') and Nine Mile Volcanics. In our previous account (Owen 

& others, 1974b) we included in the Nine Mile Volcanics a large belt of 
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'andesitic' lava which crops out from Kiandra, north to Rules Point on the 

western edge of TANTANGARA. Further work on the petrography and geochemistry 

of these lavas, and an examination of the type section of the Nine Mile 

Volcanics, on the Tumut River, has demonstrated that the lavas have a 

different composition from those in the Nine Mile Volcanics. We therefore 

recognise this belt of lava as a separate formation, the ~~oandra Volcanics, 

which we exclude from the Kiandra Group because of the uncertain relations 

between the Gooandra Volcanics and other units. 

The Kiandra Group contains lavas having high-potassium calcalkaline 

affinities~ as distinct from the Gooandra- Volcanics, which appear to have. 

tholeiitic affinitieE. 

Temperance Formation 

Nomenclature 

Fairbr:i.dge & other::> (1951) gave the name 'Temperance Chert' to a 

formation of interbedded chert and volcanic rocks near the junction of the 

Happy Jacks and Tumut Rivers (KOSCIUSKO and YARRANGOBILLY). Moye (1953) 

recognised the unit as the basal part of the 'Kiandra Beds' and referred to 

it as -l;he 'Temperance Cherts'. Our work in the Happy Jacks Ponda.ge area and 

in TANTANGARA has shown that agglomerate, tuff, and volcanic litharenite, with 

quartz-bearing siltstone near the base, are important components of the 

f<n'IIla tion, and that chert is not the main litho logy. 'llJle name Temperance 

FormEtion and not 'Temperance Chert' therefore appears more appropriate. 

Derivation of name 

The formation was named after Tempe,rance Creek, a tributary of the 

Tumut River (YARRANGOBILLY). 

Type section 

Fairbridge & others (1951) referred to the outcrop of the formation 

in Temperance Creek as the type area. We have described a type section on 

Temperance Creek (Fig. M5, Table M3), from 1100 '11 southwest of Skeleton Creek 
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to 400 m east of Frenchmans Creek (YARRANGOBILLY). Owen & others (1974b) have 

described several supplementary, sections'. 

TABLE M3. TYPE SECTION OF THE,TEMPERANCE FORMATION 

Location: YARRANGOBILLY (Fig. M5) 

Approximate 
distance 
ill 

0 

30 

170 

290 

410 

430 

650 

770 

800 

820 

Geographic description 

Start of section; on S side 
of Temperance Creek, 1100 m SE 
of Skeleton Creek. Longitude 
148°28'00", latitude 
35°59 '1 9" on Cabramurra 
SMA 1-Mile Series Sheet; 
section runs parallel to creek, 
in downstream direction 

Geological description 

Chert and impure chert; 
interbeds of siltstone 
and fine quartzite, 
gradational contact with 

u1~rierlying Bol tons beds 

Large exposure of very 
fine bedded chert, 
cherty tuff and quartz 
siltstone 

Opposite crest of spur Interb~dded,tuff, chert, 
and tuffaceous chert 

'' 
SW from crest of spur Massive banded chert; 

cherty volcanic arenite 
and fine-grained cherty 
tuff. Interbeds of very 
fine-grained albite
arenite, in part 
tuffaceous 

Across gully that joins Temperance Tuff 
Creek 

A minor spur, where creek 
curves W 

Across minor tributary gully 

End of section, opposite mouth of 
unnamed creek that flotTS into 
Temperance Greek from northeaf!t. 
Longitude 148°27'27", latitude 
35°59 '18" on Cabramurra SMA 
1-Mile Series Sheet 

Soil fr,agments of black 
slaty argillite and very 
fine-grained tuff 

Coarse tuff and 
agglomerate with clasts 
of basRlt and chert up 
to 20 em 

]'ragmen ts of chert and 
taff 

Chert and very fine
grained tuffaceous chert 

Inferred 'M-Bend' Fault. 
Tuff, tuffaceous chert, 
and chert to E, no 
exposure to W 
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Fig M5 Location of type sections of Nine Mile Volcanics and Temperance Formation 
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· Distribution 

The Temperance Formation extends north-northeast from the type area 

into TANTANGARA. From tlle northern side of Sawyers Hill, it continues 

northeast to Boggy Plain and north in a narrowing belt to about the latitude 

of Ru:.es Point, where much of it dips unconformably beneath the Tantangara 

Formation. A short distance farther north on the eastern side of Long Plain 

the outcrop widens, and extends past McP'nersons Creek to where the chert dips 

beneath the Kellys Plain and Nine. Mile Volcanics; to the east, a narrow 

southward extension becomes broader near Tan.tangara Reservoir, and a small 

inlier within Silurian sediments crops out on the Murrumbidgee River upstream 

of Tantangara Dam. Farther north, the Temperance Formation crops out east 

of Peppercorn Hill. 

Litho~ 

General descri}2._tion. The Temperance Formation is formed essentially 

of chert, clinopyroxen.3 tuff, and albite siltstone. In addition, agglomerate, 

tuffaceous chert, quartz-bearing siltstone, and shale locally dominate the 

lithology~ Mapping of TANTANGARA, together with parts of YARRANGOBILLY and 

KOSCIUSKO, has enabled us to subdivide the Temperance }!'ormation into four 

mappable units: interbedded chert and tuff (Otd in TANTANGARA); mainly pure 

chert (Otc); and a subordinate thick agglomerate bed (Otb), and tuff beds 

(Ott) of mappable extent in Otc. 

In the following pages a general account of the rock types in each 

unit is given first, followed by a detai~ed description of the petrography 

of individual rock typesa 

The unit of intet'bedded chert and tuff (Otd) is the most widespread 

unit in che Temperance Formation. Reinvestigation of the type area around 

Happy Jacks Pondage has indicated that it is the only unit present there 

(contrary to the opinion of Owen & others, 1974b), and it extends northwards 

to the northern limit of outcrop of the Temperance Formation in Peppercorn· 

Creek. It is particularly well developed in the area north of Sawyers .Hill 

and Tanta:n.gara Mountain, where it has a gradational boundary with the 

underlying Boltons beds. 
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The basal part of the unit consists of poorly sorted quartz arenite, 

quartz siltstone, chert, and pyroxene tuff in beds from 20 mm to 3 m thick; 

evidence from rarely preserved sedimentary structures indicates that at least 

some of the quartz-rich .rocks have been deposited in a distal turbidite 

environment. One hundred metres above the base of the unit, clastic quartz 

material is rare, and chert and tuff predominate. Chert is the more common, 

and forms ·beds - commonly sl umved - 5 em to 1 m thick with bands 1 mm to 

5 em thick (Fig. M6).. Pure chert is relatively rare; usually fine albite 

grains are sr~attered through the rock. Tuff beds from 1 em to 1 m thick are 

common, and at some localities they are much thicker - for example, a layer 

of tuff exposed on the Eucembene River east of Kiandra is about 200 m. thick. 

Albite-rich arenite and siltstone form thin beds up to 5 em thick throughout 

the unit but are never a major component. Otd exposed on Little Peppercorn 

Plain differs from that farther south: it lacks thick tuff beds, and instead 

comprises alternating lamellae, 2 mm to 2 em and rarely to 5 em thick, of 

chert and tuff which show graded bedding. 

The chert unit (Otc) forms a northward thickening wedge that divides 

the interbedded chert and tuff unit into a lower and upper member from Kiandra 

northwards. The chert reaches a maximum exposed thickness in the Boundary 

Creek/McPhersons Creek at"ea, but is covered by younger formations farther 

north. It is mainly pure chert. in wh'lch detrital grains are virtually 

absent, and tuffaceous interbeds rare. In two areas, tuffaceous beds within 

the chert unit are distinctive enough to be mapped: on Wild Horse Plain is 1 

a sequence of tuff and chert with a distinctive agglomerate bed (Otb); and 

on Dairymans Plain one thick and several thinner mappable beds of pyroxene

rich basaltic tuff (Ott) are exposed within the chert unit. 

The agglomerate bed on Wild Horse Plain is perhaps 10 m thick, and 

comprises rounded to angular clasts of basalt, tuff, and chert, generally up 

to 30 em, in a cherty tuffaceous matrix. In places, boulders of basalt and 

tuff are up to 2m (e.g., at grid ref. 385325). SortiP~ is generally 

extremely poor and bedding absent, though in some places thinly bedded coarse, 

moderately sorted volcaniclastic sediments and graded bedding are evident. 

The tuff associated with the agglomerate is usually massive, in beds up to 

1 e 5 m thick, and shows rare graded bedding. The chert interbeds are rarely 

more than 4 em thick. The total thickness of the sequence is about 100 to 

150m. From the evidence of rare graded bedding and the presence of both 
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volcanic and sedimentary clasts in a cherty tuffaceous matrix,. the sequence 

is likely to have 1)6..:; deposited by a series of submarine rubble flows 

(Jones, 1 967) •. 

The tuff unit within the chert on Dairymans Plains (Ott) is a coarse 

to fine-grained reworked tuff possibly 250 m thick. The coarser beds are 

massive, whereas the finer-grained beds show parallel lamination, graded 
'.' 

bedding, and contorted bedding. Angular chert fragments, and volcanic rock 

fragmente up to 20 em, are common. The contact with the underlying chert is 

commonly marked by a zone of contorted bedding up to 2 m thick. The whole 

sequence appears to have been deposited by a series of turbidity flows. 

Petrography: Quartz arenite and siltstone are present only within 

the lowest part of the Temperance Formation, and reflect the gradational 

contact with the underlying quartz-rich flysch of the Boltons beds. the 

arenites are similar in composition to those describe1 earlier from the 

Boltons beds: poorly sorted subangular to angular quartz' grains,. rarely 

greater than 0.2 mm in diameter, in a partly recrystsllised clayey matrix. 

Zircon and tourmaline are present in the coarser beds. The arenites differ 

from those in the Bol tons beds, however, in· that they may contain up to 5% 
of volcanically derived grains of plagioclase and rare altered clinopyroxene. 

Sedimentary structures within the quartz 'arenite and siltstone indicate 

deposition in the distal part of turbidite flows. 

One arenite sample (from grid ref. 422479) is remote from any Boltons 

beds outcrops, but contains about 6% subangular detri ·cal quartz grains less 

than 0.2 mm, and a few grains of pale brownish green tourmaline. The re3t 

of the rock is detrital plagioclase, cli~~Jpyroxene, hornblende, and basic 

volcanic rock fragments. The presence of quartz and tourmaline at this 

locality is difficult to explain, unless the Bol tons beds/Temperance Formation 

gradational cor!.tact is just below the surface. 

Albite arenite and siltstone are widespread throughout the Temperance 

Formation. They occur as interbeds up to 5 em thick, often show graded 

bedding, and are poorly sorted and composed of rounded to subangular grains 

of albite in a fine groundmass of ph~llosilicates, calcium silicates, 

authigenic albite, calcite, and chert. Some albitised detrital plagioclase 

grains retain a su.bhed.ral or even a euhedral outline. Instead of albite, 
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fresh plagioclase of lahradorite composition occurs in places (see below). 

A complete gradation exists between aluitc, p3roxene-hornblende, and volcanic 

arenites. As the prop~rtions of clinopyroxene and hornblende grains and rock 

fragments increase, the grainsize tends to increase and the beds thicken. 

In th3 thicker beds, in which the a·rerage grainsi ze exceeds 1 to 2 mm, basal tic 

and tuffaceous rock fragments become the main detritus. These fragments are 

commonly up to 10 mm but larger ones have been recorded, as in units Otb and 

Ott. The texture and miner.qlogy of these basaltic rock fragments is mostly 

identical to the lavas in the Nine Mile Volcanics, but, because of the variety 

of rock fragments concentrated in the coarse arenites, R ntmber of primary 

igneous features have been observed in them tha. t have not been seen in the 

Nine Mile Volcanics; indeed one arenite thin section may contain more lava. 

types and mineral species than a dozen thin sections from lavas of the Nine 

Mile Volcanics. 

Unalbitised plagioclase phenocrysts have not been found in the Nine 

Mile Volcanics lavas because they have been regionally metamorphosed, but 

fresh igneous plagioclase is present in Temperance Formation arenites and 

agglomerates in urunetamorphosed zones on the ridge m r ;hwest of Black Walters 

Creek, on the ridge southeast of Kiandra Creek, and near the unconforrni ty wi tll 

the overlying Tantangara Formation about 2 km south of Black Hill. The 

plagioclase is invariably labradorite, mc,stly of composition An t A 
55 

o n 
. 60 

but up to An • The crystals exhibit normal and oscillatory zon1ng and 
70 

commonly have narrow margins of about An
40

• Albite twinning is ubiquitous 

and Carlsbad twinning common. Rarely, unalbitised plagioclase occurs in 

agglomerate fragments in metamorphosed rock, in which the plagioclase is 

normally albitised: for ex.qmple, in agglomerate (Otb, at grid ref. 369304) 

metamorphosed to the lower greenschist facies (see METAJ'.10RFBISM OF THE KIANDRA 

GROUP AND GOOANDRA V0LCANICS), porphyritic basaltic rock fragments contain 

euhedral plagioclase phenocrysts up to 6 x 2 mm; these phenocrysts are most.ly 

highly sericitised, but in some unsericitised parts original albite twinning 

and Carlsbad twinning indicate compositions around An
65

• Apparently fluids 

necessary for albitisation were not available in some of these agglomerates. 

Most clinopyroxene crystals iu the Nine Mile Volcdnics and Temperance 

Formation are about 2 mm but they may reach 10 mm; such large crystals have 

been observed in basal tj_c rock fragments in unit Ott at grid reference 451451 • 

'rhey occur as euhedral phenocrysts along with smaller phenocrysts (0.3 mm) 
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of albitised plagioclase and chloritised olivine. The clinopyroxenes are 

zoned with broad colourless cores and narrow ( 1 nun wide) oscillatory-zoned 
1\ 

pale green rims. The rims have extinction angl~s (Z c) a few degrees higher 

than the cores. This trend towards greenish clino!J'Jroxenes is very common in 

the Nine Mile Volcanics and Temperance Formation, particularly in arenites in 

Ott at Dairymans Plain, where some clinopyroxenes are noticeably pleochroic 

with X = pale yellow-green, Y = pale green, and Z = pale yellow-green. It is 

even more striking in an arenite at grid reference 474414, where some of the 

clinopyroxene grains are clear, others are pale green, and a few are euhedral 

crystals that have X = pale emerald green, Y == pale green, and. Z = pale 
1\ 0 

brownish green with z c = 52 • These pleochroic clinopyroxenes have optical 

properttes which suggest that they c•ontain a high proportion of acmite in 

their composition and are probably sodian augites. 

Hornblende is a common mineral in arenites and r•.)ck fragments in the 

Temperance Formation. Rarely, such as in the arenite which contains the 

?acmitic pyroxenes at grid reference 474414, hornblende dominates over 

c,linopyroxene as the major mafic mineral, but more commonly j_t is subordinate. 

Basal tic rock fragments commonly contain both clinopyroxene and hornblende 

as phenocryst minerals, and one agglomerate rock fragment 20 em in diameter 

from grid reference 409386 is a basal tic lava with about 25% euhedral 

phenocryst3 of hornblende up to 6 x 1.5 mm, 5% euhedral phenocrysts of 

clinopyroxene, and 5% euhedral phenocrysts of sericitised plagioclase. The 

Temperance Fo:rmatj 1n hornblendes are commonly zoned froPJ. greenish to bro~rnish. 

Some have greenish cores and more-brownish rims; others .s.re the reversf;. 

The two end-members have pleochroic schemes: 

green: X ::: very pale brown 

y ::: brownish green 

z :::: green 

brown: X :::: very pale brown 

y :::: z = brown with a reddish tinge 

Hornblendes are mostly between these two extremes. Some of them 

(mostly the brownish ones) are surrounded by reacticn rims of nearly opaque 

material. Such 'opacite rims' are common round hornblendes in calcalkaline 

volcanic rocks (Yoder 1969; Jake~ & White, 1972b). An important feature of 

some arenites is the unifonni ty of hornblendes from the one bed: for example, 
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if de·cri tal hornblende grains are brown, the hornblende in. the basal tic rock 

fragments from the same bed is also brown; also, if detrital hornblende is 

common, hornblende is also common as a phenocryst-phase in the accompanying 

basal tic rock fragments. This suggests that much of the source meterial for· a 

single volcanic arenite bed came from a single lava flow - that is, fluviatile 
' ' 

transport of the detritus was minimal. Disintegration and transport must have 

been largely submarine in origin, and effected by the gravitational collapse 

of submarine pyrocla'stics on steep slopec. 
' 

The Nine Mile Volcanics and related intrusions contain abundant 

potash feldspar in the groundmass. This is also true for many of the lava 
. . 

rock fragments in the Temperance Formation (proved by staining), but volcanic 

arenites from very low in the Temperance Formation (e.g., at grid refs~\ 382282 

and 364271) contain, lava rock fragments without potash feldspar. 

Definite lava flows have not been found in the Temperance Forma'tion. 

The only outcrop which could be a lava is at grid reference 379290, but this. 

is more likely to be a dyke. The rock is composed of about 20% gre,eni~h brown 

hornblende _:up to 4 x mm, 15% very pale green clinopyroxene up to2 mm, and 
., 

. minor serici tised plagioclase phenocrysts about 0. ?': mm in a •felted E{roundmass 

of feldspar microlitHsr- amphibole, biotite, and opaques. The ~ock has been 

thermally metamorphosed by the Boggy Plain Adamellite (see METAMORPHISM OF 

THE KIANDRA GROUP AND GOOANDRA VOLCANICS), and most cf. the clinopyroxene has 
I 

been altered to .actinolite and biotite, but the hornblende is unaltered. In 
' . 

terms of its pri.mary igneous mineralogy the rock is similar to the previously 1 

(" 

.described hornblende-rich lava fragment from the agglomerate at grid reference 
I 

409386. 

Chert within the Temperance Formation is formed from 
I 

cryptocrystalline quartz, and when ,pure has little cl"ly material; however, 

it often contains a small amount of fine silt-grade plagioclase or albite, 

or is recrystallised to a microcrystalline quartz mosaic by metamorphism. Pure 

che·!'·G commonly contain::: remains of radiolarian tests, and is mainly restricted 

to the chert unit ( Otc). Within the interbedded chert and tuff lini t ( Otd) 

most beds of chert contain·at least some volcanic material in·the form of 

plagioclase and clinopyroxene crystal fragments less than 0.05 mm. A comp~ete 

gradation may be seen from almost pure chert through tuffaceous chert and 

cherty tuff into tuff or volcanic arenite. Impure '"'herts are often finely 
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the laminae, 1 to 5 mrn thick, are al tarna tely rich· and poor in 
' . 

As the proportion of d€trital material increases, the grainsize 

tends to increase: slightly impure cherts rarely have detritus mere than 

0.05 mm in diameter, whereas cherty tuffs commonly have grains arnund· 0.5 mm~. 

Environment of deposition 

The Temperance Formation iz thought to have been deposited in a 

marine environment on the flank of the Molong Volcanic Arc, on the edge of 

the. Monaro Slope and Basin (terminology after Scheibner, 1973) c During much 

of its period of deposition, volcanic activity was mainly submarine, 3ince 

most of the volcanic rocks are volcanic li thareni tes the.t are associated with 

chert and show evidence of submarine reworking bu.t little or no il uvia tile 

reworking. The widespread occurrence of bedded chert is taken to indicate 

deposition in moderately deep water. The lack of lav.a.s in the Temperance 

Formation suggests that the marine volcanic centres providing the large 

amounts of tuffaceous material were outside the maf'!>ed ou·tcrop area of the 
I> 

formation. The, volcanic centres probably lay to tb-:J west, perhaps concealed 

by the present outcrop of the Nine Mile and Gooanura Volcanics. A preferred 

al ternatiYe interpretation is that the Nine Mile Volcanics at Peppe.ccorn Creek 

in the north and Tumut Ponds (YARRANGOBILLY) in the south were volcanic 

centres of about the same A.ge as the Te;nperance Formation . (or at least the 

upper part of it), which they supplied with detritus. the Temperance 

Formation would then be regarded as a deeper'-wacer :fac.;_es· lateral equivalent 

of the Nine Mile Volcanics. The p:cesence of graded bedding, a:1J the common 

occurrence of angular clasts of chert in the volcanic ·arenites, :tndicate that 

they have been deposi teL-. :by slumping 'and turbidity currents off the edge o:f 

voJ.car:..oes. According to Menard ( 1956) and Jones ( 1 967), submarine pyroclastic 

and epiclastic (mainly gravitational collapse) fragitH~Htation.. followed both 

'by rubble flow and by turbidity-current ,transport of material down the 

pa1aeoslope results in the development of a broad 'archipelagic apron' around 

volcanic centres. As Jones pointed out, these clastic aJ: rons are .·in some 

instances two or three times more voluminous than th8 volcanic centres 

themselves, and this is probably so for the Temperance Formation. 

Thickness 

The thickness of the 1femperance FoJ•mation is difficult to estimate, 

since outcro.,.;· is poor and structure complex. Using the information provided 
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by Gardner (in Owen & others, 1974b)' we estimate that the formation is .about 

2000 thick in its type in Tempere.nce Creek, and thicken to 
. 
around m area may 

I 

5000 m in the Long Plain area. Much of this increase in thickness is caused 

by the abundant development of chert in that area. 

Relations 

The Temperance Formation rests conformably on the Bol tons beds with a 

gradational boundary. Thin chert beds oc:cur in the uppermost part of the 

Boltons beds, and fine quartz arenite similar to that in the Boltons beds is 

present in the basal part of the Temperance Formation. The boundar~" is placed 
. . 

at the base of the first clinopyroxene-bearing 'volcanic arenite in the 

succession. It has been suggest.ed that .~he Bol tons beds may be younger than 

the Temperance Formation (Crook & others, 1973 ). As .discussed earlier, a 
' 

number of intrusive equivalents to the volcanic.rocks in the Temperance 

Formation and Nine Mile Volcanics have been found· intruding the Bol tons beds, 

thus demonstrating that the Boltons beds cannot be younger than the Temperance 
i: .. 

Formation. 

The boundary between the Temperance Formation and overlying Nine. Mile 

Volcanics is placed at the level where clinopyroxene-bearing lava and tuff 

dominate the sequence. This too . is a grad/ational boundary, and probably 

involves as well a lateral facies change. As discussed previously, the 

Temperance Formation is considered to be a ~lastic apron around volcanic 
(·. 

centres; the Nine Mile Volcanics probably were the volcanic centres for the 

upper part of the Temperance Formation. 

The relation between the Temperance Formation and the Gooandra 

Volcanics is not clear. Some lava rock fragments in the Temperance Formation 

may be derived from the Gooandra Volcanics, but, although mafic grains are 

present throughout the Temperance Formation, mafic· phenocrysts have not been 
I 

observed in the Gooandra Volcanics .i. Staining of volcanic arenites from low 
' in the Temperance Formation has indicated that the lava rock fragments are 

low in K 0· this feature is in common with the Gooandra Volcanics. 2 , 
The Temperance Formation is considered .to pass laterally east~mrds. 

into the Nungar beds. 
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Ocly on~ fossil occurrence is known from the Temperance Formation. 

Crook & others (1973) reported the occurrence, in the chert on Dairymans Plain, 

of three poorly preserved inarticulate brachiopods referred to the family 

Obolidae. This family'is restricted to the Cambrian and Ordovician. 

Since th-3 Temperance Formation in part underlies and in part is 

probably laterally equivalent to the Nine Mile Volcanics, which have yielded a 

late Gisbornian assemblage near their top, a late Darriwilian to ?late 

Gisbornian age is suggested for the formation. 

Nine Mile Volcanics 

Nomenclature 

Fair bridge & others· ( 1951) gave the name 1 Nine Mile Shale 1 to a 

sequence of tuff~ceous shale, chert, minor quattzit~, and andesite overlying 

the Tempera·ace Formation in the Tumut River and Nine Mile Creek areas. The 

Fairbridge (1953). ' 
( 1953) name was fil•st published by Moye renamed the unit 

the Nine rule Volcanics, noting that andesitic tuff, lava, and agglomerate 
. ' ; 

are important constituents of the unit. In this Bulletin, we use the name 
. . 

Nine Mile Volcanics, since lava and volcaniclas.tic sediments form the bulk 

of the unit, and the presence of lavas .distinguishes it from the T8mperance 

Formation. 

Derivation of name 

The name is derived from Nine Mile Creek, which flows int·o the Turr~u.t 

River 2. 7 lan north-northwest of the mouth of Happy Jacks Pondage 

(YARRANGOBILLY). 

T_lpe section 

Fairbridgf; & others ( 1 951 ) designated, but·. did not describe, /the type 

section as along the valley of the Tumut River above and below the m.outh of 

Nine Mile Creek. · Moye ( 1 953) drew the boundary with the Temperance Formation 
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across the Tumut River at the mouth of ·Temperance Creek. With the aid of a 

small boat, we re-examined the type section (Fig. M5, Table M4) when Tumut 

Ponds Reservoir was low. We have taken the base of the Nine Mile Volcanics 

as the point where chert and cherty tuff become minor components of the 

sequence, at grid ref.~rence 966632 ( Cabramurra SMA ·1-Mile Series. Sheet area). 

This point along strike is close to Moye' s base at Temperence Creek junction. 

The section continues down river to the Long Plain Fault at grid reference 

961642. The total thickness of the section is estimated to be 1050 m. 

Repetition of the sequence by folding is not evident; all facing directions 
0 

are to the west, and dips range from 65 west to vertical. Only 400 m of 

the section is dominated by lavas; this is similar to the thickness given 

by Moye (1953) for the lava belt along the Eucumbene-Tumut Tunnel line 

(KOSCIUSKO and BERRIDALE). The part: of the sequence· overlying the lava belt 

in the type section is cut out by r;he Long Plain Fault on the Eucumbene-Tumut 

tunnel line. Farther south, on the Happy Jacks Road, almost all the lava belt 

is c~t out as well. 

Distribution 

Our interpretation. of the distribution of basic vo.!.canics in the Long 

Plain area differs from that of Owen & others ( 1974 b) in that the tuffs and 

lavas cropping out at the northern end of Long Plain have been included in 

the Nine Mile Volcanics, whereas trc l:tvas at .th} southern end of Long Plain 

and extending south through Gooandra to. Kiandra have been called the Gooandra 

Volcanics. This inter,retation is based\ on the similaritybetween the. 

northern Long Plain outcrop!3 and those at the Nine Mile Volcanics type area; 

the dissimilarity between the northern and southern Long Plain outcrops; and 

the recognition of a major fault, here called the Kiandra .. Fault, east of the 

Gooandra Volcanics. 

The boundary between the Temperance Formation and Nine Mile Volcanics 

has oeen defined as where lavas and tuffs predominate over cherts and cherty 

tuffs. This occurs in only two areas - at the type area on Tumut River and 

at the northern end of Long Plain - though smaller occurrences of lavas 

interbeddP.d with tuff are to be found along strike southward as far as the 

upper Murray River in JACOBS RIVER (L.A. I. Wyborn, 1977). To the north the 

Nine RUe Volcanics dip under Sil1;rian and Devonian rocks near Little Pepper

corn Creek. Rocks of similar age emerge regionally along strike from beneath 
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TABLE M4. TYPE SECTION OF THE NINE MILE VOLCA~ICS 

Location: Cabramurra SMA 1-Miie Series Sheet area (Fig. M5) 

Aperoxlmafe 
d1stance 

(m) 

180 

240 

260 

32() 

490 

0 

Geograph I ca I 
description 

Start of section; on 
south side of Turnut 
R I ver about 50 m west 
of bend in river at grid 
ref. 966632, Cabramurra 

· SMA 1-M II e SerIes Sheet. 
Section runs downstream 
a long river 

Bluff on true* left 
bank of river 

River bends to north 

Nine Mile Creek enters 
from right 

GeoloTical 
descrptlon 
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Silurian and Devonian cover north of Boorowa, about 130 km north of Little 

Peppercorn Creek; these rocks are basic tuffs and lavas of the Kenyu 

Formation, but their correlation with the Nine Mile Volcanics is rather 

speculative. 

The distribution oi' the Nine Mile Volcanics near the type section 

is not completely known. They probably extend north tc Clear Creek, where 

they would be faulted out by the Long Plain Fault and possibly the Kiandre. 

Fault. To the south they are covered by Tertiary basalt on Fifteen Mile Spur, 

but just before dipping ,beneath the basalt the.:ir strike bends from south to 

southwest, so they are probably faulted out by the Long Plain Fault. They 

are certainly not present on the Tumut River at the northern end of Farm 

Ridge. 

At the northern end of Long Plain most of the flat country is 

occupied by the Nine Mile Volcanics. The rocks extend northeast along 

Peppercorn Creek to its junction with Little Peppercorn Creek, where they are 

in part unconformably overlain ,Jy and in part faulted against the Peppercorn 

Fo:;:'Illation. 

The total area of outcrop of the volcanics at the northern end of 
2 

Long Plain is about 15 km , and, near the type section, probably about 
2 

10 km • 

Lithology 

As the two areas of outcrop of Nine Mile Volcanics are over 35 km 

apart and have suffered from different degrees of metamorphism, they are 

described separately. 

1. Tumut River area 

General description. The Nine Mile Volcanics in the Tumut River are~· 

consist of well-exposed interbedded lava, tuff, ~nd tuffaceous chert, which 

form virtually 100% exposure along the river and bluffs and scree on the 

steep slopes above the river. All rock types including chert ann siltstone 

are greyish green because of the abundance of ferromagnesian minerals, mostly 

of secondary metamorphic origin. Lavas predominate in only the lower middle 
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part of the sequence (see Table M4), and crop out on the river as massive 

bluffs. Individual flows are less than 20 m thick, and mostly contain 

abunda:·1t phenocrysts of plagioclase in random orientation. Many of the flows 

also contain equant mafic phenocrysts a few millimetres across, but these are 

never as abundant as the plagioclase. Several samples collected in the field 

as lavas with mafic phenocrysts may be intrusive even-grained doleri tes 

(see Petrography, below). 

Pale green feldspathic tuff and arenite are present between the lava 

flows. The coarser-grained beds are commonly gi·aded and up to 60 em thick 
• --••c··-- ... ---· 

(Fig. M7). Detritus in the graded beds is almost exclusively subhedral 

feldspar.laths up to 5 x 3 mm at the base of a bed. These laths are similar 

in size to the phenocrysts in the lavas. As the detrital component in these 

clastic rocks becomes finer-grained, chert becomes a major consti tv.ent, and 

the rocks are then well bedded with bedding thickness mostly less than 5 em. 

At the top of the type section the tuff grades into about 150m of 

greenish brown and grey silty shale v1hose top is cut, by the Long Plain Fault.· 

These shales are strongly cleaved and not well bedded, but on the ridge to 

the south at grid reference 956633 (Cabramurra SMA 1-Mile Series Sheet) the 

shales are darker, well bedded, and commonly cherty. Here they dip about 
0 

85 west, face west, and contain common graptolite remains which have been 

described by Sherrard (1954). 

·West of the Long Plain Fault, rocks of the Tumut Trough succession 

(Kings Cross shales and Tumut Ponds beds) crop out for about 2 km down the 

Tumut River, until the Tumut Ponds Serpentinite crops out along the Gilmore 

Fault Zone. West of this fault, siltstone and shale with interbedded 

plagioclase tuff and minor lava crop out between Rough Creek and Fifteen Mile 

Creek, and on the Alpine Way at grid reference 944652 (Cabramurra SMA 1-Mile 

Series Sheet). These rocks are similar to those at the top of the Nine Mile 

Volcanics, have been called the Coppermine Creek Volcanics by Moye (1953), and 

were correlated with the Nine Mile Volcanics by Moye & others (1963). 

Petrography.The lavas from the type section are all very similar in 

containing abundant (20-50%) phenocrysts of euhedral to subhedral albitised 

plagioclase up to 8 x 3 mm. Clinopyroxene phenocrysts are less abundant (0-

1 O%), and are up to 3 rnm; they are mostly completely altered to pale blue-



JVI37 

Fig. M6. Banded chert in the Temperance Formation on the Tumut 
River at Happy Jacks Pondage, grid reference 303143, 
KOSCIUSKO. The dark bands are richer in albite and 
volcanic debris than the lighter bands, which are 
relatively pure chert. 

(GB/1830) 
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gr~en actinolite, biotite, and chlorite, but a few scattered phenocrysts still 

contain relict cores of clinopyroxene. The groundmass of the lavas is a fine 

mat of aligned feldspar microlites, chlorite, biotite, actinolite, and 

opaques. Staining with sodium cobaltinitrite solution produced a positive 

result for potash feldspar in all the lava samples collected. Albite 

phenocrysts along and adjacent to fractures were also stained, possibly 

indicating that potash feldspar was at some stage partly mobilised into these 

fractures. 

One lava sample coliacted from next to the dioritic intrusion of 

Early Devonian type mentioned in Table M4 is strongly hornfelsed. The albite 

and altered clinop,yroxene are still present, but the groundmass is now a 

subgranoblastic assemblage of albite (50%), greenish brown biotite (35%), 
actinolite, chlorite, and or2ques. 

The presence of potash feldspar and biotite in these lavas strongly 

suggestu that they were originally high in K
2

0, the original potassic 

mineral being potash feldspar, which has now partly altered to metamorphic 

biotite in the groundmass. The presence of metamorphic biotite along with 

albite and actinolitised clinopyroxene indicates that t-he rocks in this area 

have been regionally metamorphosed to the upper greenschist facies. that the 

rocks appear to have retained much of their K 0 has been cvnfirmed by L.A.I. 
2 

Wyborn (1977), who reports K 0 contents of over 2% in her analyses. The 
2 

basalts at the northern end of Long Plain, and those in basaltic rock 

fragments in tbP upper pe.rt of the Temperance Formation, are similarly high 

in K 0. It is mainly this fact that leads us to include the lavas at the 
2 

northern end of r.Jong Plain in the Nine Mile Volcanics, whereas the lavas now 

termed Gooandra Volcanics are excluded, as they are low inK 0, which appears 
2 

to be a primary igneous feature. 

The tuffs in the Nine Mile Volcanics are composed of subhedral to 

anhedral detrital albitised ple~ioclase and volcanic rock fragments up to 

0.3 mm. The matrix consists mostly of epidote, calcite, chlorite, and finer

grained albite. In some samples epidote is abundant; in others, calcite. 

The tuff$ collected from the type section differ from those in the Temperance 

Formation and in the northern Long Plain outcrop as they contain no detrital 

clinopyroxene or hornblende, but samples collected from Fifteen Mile Spur 

(1 km southeast of the graptolite locality 9 Fig. M5) are more typical: they 
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contain abundant altered detrital clinopyroxene and unaltered detrital brown 

hornblende, as well as volcanic rock fragments with phenocrysts of those 

minerals. 

Three samples of possibly intrusive rock were collected from the type 

section. One of these, a fine-grained dyke rock from grid reference 964635 

( Cab1;amurra SMA 1-Mile Series Sheet) , is composed of euhedral brownish green 

hornblende and subhedral sericitised plagioclase phenocrysts in a fine-grained 

groundmass that is half quartz and half zoned plagioclase (An ). The 
60-30 

absence of potash feldspar (revealed by staining), and the unalbitised 

plagioclar-Je, uuggest that the rock is not related to the Nine Mile Volcanics; 

it may be of Devonian age. 

The other two samples were thought to be lavas in hand speci~en, but 

thin sections show that they are composed almost entirely of euhedral 

plagioclase laths and lesser euhedral altered clinopyroxene crystals of 1 to 

2 mm. They are strongly altered to albite, actinolite, epidote, and chlorite, 

though one (from grid ref. 964636, Ca"bramurra SMA 1-ivfile Series Sheet) still 

contains relict An plagioclase and minor fresh clinopyroxene. The rocks 
55 

appear to have no groundmass and therefore may be intrusive, but the extensive 

alteration may have masked small runounts of groundmass between larger 

crystals. Staining for potash feldspar showed the presence of smalJ. amounts 

between plagioclase grains in both samples. This - combined 1-1i th tbe facts 

thai the major phases are morphologically similar to the phenocrysts in the 

lavas, and that the rocks have suffered from the same upper greenschist facies 

metamorphism as the lavas - suggests that these possibly intrusive rocks are 

related to the lavas and represent some sort of cumulate concentration of the 

phenocryst phases present in the lavas. A likely alternative to the 

suggestion that t11e rocks are intrusive is that they represent crystal 

·~u.rnulates formed by in situ gravity settling toward the base of individual 

lava flows. 

2. NorthP.rn Long Plain area 

~ral descriEtion. In the northern Long Plain area the Nine Mile 

Volcanics have been divided into units of tuff, lava, and sediments. Despite 

the intense faulting, most of which postdates the overlying Silurian 

Peppercorn Formation but antedates the Devonian Kellys Plain Volcanics, we 

have e~tablished a general stratigraphic order. This consists of the 
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Temperance Formation conformably overlain by tuff (Okt), then lava (Okl), 

followed by more tuff (Okt), and finally volcanically derived sandstone and 

shale (Oks). We suggest that the lava unit is younger than the lower tuff 

unit~ against which it is faulted. The sediments on the ridge west of 

Peppercorn Creek (and east of Little Peppercorn Hut) appear to lie in a 

syncline with underlying tuff on either side. To t!1e south the lava unit 

appears to be faulted out, and the whole sequence is faulted out by the Long 

Plain Fault at grid reference 421540. The thickness and order of units in the 

sequence is quite similar to that in the type section. 

Exposure is generally quite good. The tuffs and lavas form massive 

and cleaved rounded blocks protruding from grassy areas of mostly concealed 

outcrop. In a few places they form slabs and pavements up to 20 m wide. The 

sediments are only poorly exposed in road-cuttings, steep-sided streams, and 

on the slopes of the steeper hills. 

The contact between the lower tuff unit and the Temperance Formation 

is gradational over about 20 m. The tuff is p!ile green, commonly cherty, and 

has chert interbeds up to 20 em thick. The presumably overlying lavas are 

pale to dark green with a narrow light green weathering skin, and contain 

abundant pyroxene phenocrysts up to 5 mm. At some outcrops vesicles are 

abundant, and locally make up 30% of the rock. When vesicles are less 

abundant they are commonly filled with white calcite and pale pink feldspar, 

and are up to 10 P'liil. Elsewhere the lava unit has nGi ther vesicles nor 

amygdales. At grid reference 465605 a well-preserved lava flow shows angular 

blocky structures and clinker-like surfaces, possibly indicating subaerial 

extrusion. The flow unit is in part faulted against and in part conformable 

beneath another (the upper) tuff unit. At both boundaries, a line of 

ferruginised outcrops is prominent along the northwest side of Peppercorn 

Creek north of grid reference 482622. A drillhole through this zone revealed 

underlying limestone, and at grid referenc:e 486626 limestone crops out about 

30 m west of the ferruginised zone. Apparently the limestone hr acted as 

a favourable horizon for the precipitation of iron from meteoric waters; the 

iron is derived from the weathering of the surrounding volcanic rock. The 

only fossil found in the limestone is a conodont specimen of genus Belodina 

(range middle to late Ordovician) identified by R. Nicoll (BMR). Legg (1968) 

recorded a poorly preserved streptelasmatid rugose coral (middle Ordovician 

to Middle Devonian) in a nGarby limy tuff whose outcrop we could not find. 
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Fig. M7. Graded-bedded plagioclase-rich volcanic arenite in the Nine 
Mile Volcanics at the type section on the Tumut River. 

(GB/1831) 
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The presence of limestone inte~bedded with the Nine Mile Volcanics indicates 

a shallow-water environment, probably ad,jacent to a volcanic island. 

The uppe:;.- tuff unit, above thrJ limestone, is similar to the lower 

tuff unit, but lavas are interbedded with it, especially on Long Plain 

adjacent to the Peppercorn Trail, where the lavas crop out as boulders up to 

2 m in diameter. 

The upper tuff unit is overlain by sediments, mainly fine-grained 

pale green sandstone and siltstone with lesser black chert, pyritic chert, 

and buff shale. D. Strusz ( :rnm, personal commu."lica tion 197 4) has identified 

poorly preserved graptolites from a dark grey siltstone at grid reference 

483634 as Climacograptus ~nd OrthograQtus. The top of the sequence is faulted 

out by the Long Plain Fault. 

Petrogra]hy. All the lavas in the Nine Mile Volcanics in the northern 

Long Plain area are extremely porphyritic, containing between 30% and 60% 

euhedral phenocrysts. Phenocryst minerals that have been identified are 

clinopyroxene, plagioclase, olivine, hornblende, biotite, magn."ti te, and 

apatitee The relative proportions of tr.e phenocryst minerals vary, and one 

c;-r two of them are commonly absent. 

Clinopyroxene, the most abundant pher. o.!ryst mineral, is mostly 

completely unaltered, except for incipient marginal alteration to actinolite 

in the zone of greenschist metamorphism, and, rarely, where carbonate is 

abundant (e.g., at grid ref. 461601) the clinopyroxene is completely altered 

to a mixture of calcite and chlorite. Fresh clinopyroxene occtlrs as euhedral 
0 "' 0 crystals up to 4 mm with 2V =45 to 50 and Z c = 44 • The crystals are 

z 
mostly pale green and non-pleochroic, and are probably diopsidic augite, but 

some show weak pleochroism with X = Z = pale yellowish green and Y = pale 

green. Others are zoned with pale non-pleochroic cores and darker pleochroic 

rims. 
1\ 0 

The pleochroic variety has Z c up to 47 • 
Plagioclcse, the next most common phenocryst mineral after 

clinopyroxene, occurs as euhedral laths up to 4 x 2 mm. All of it has been 

altered to albite, in which epidote, prehni te, and less commonly pum:pellyi te 

and sericite f0rm h .. clusions. The presence or absence of a particular 

included mineral depends on the grade of metamorphism. 
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Olivine forms euhedral phenocrysts up to 4 mm. It is completely . 
I 

altered to chlorite, and less often chlorite with a core of compo~i.te quartz. 
I 

In the lower metamorphic grades, minor prehni te accompanies the.. chlorite, / 

whereas, at higher grades, needles of· actinolite radiate imm.rds f.t;Om the j 
I 

margins of the pseudomorph. Minor calcite and epidote are also present.ih 

some grains. Despite the co~plete alteration there is no dif'ficul ty in/ 

recognis'ine that. the crystals were once olivine, as they are stumpy prisms 

with the characteristic acute-angled double termination. 

Biotite is rare in the lavas, but is more abundant in their 

intrusive equivalents (see Intrusions related to the Nine Mile Volcanics), 

possibly because alteration effects are less in the intrusions. One lava 

sample (from grid ref. 455602), however, contains about 5% biotite as equant 

phenocrysts up to o. 5 mm. The biotite is almost completely altered to 

I 

. chlorite, prehnite, opaques, and epidote,, which are arranged in layers 

paralL.'l to the original cleavage. Unal ter3d brown biotite is p:cesent in some 

of the phenocrysts' mostly surrounded by ch}.ori te. 

Hornblende, rare in the layas from the northern end of Long Plain, 

fonns scattered elongate prisms and .needles~ It is much more abundant in 

volcanic arenites in the Temperance .Formation 1, implying that the exposed area 

of Nine Mile Volcanics is deplete& in hornblaride relative to the whole 

volcanic pile. The hor;~blende in the lavas is greenish brown and surrounded 

by a. reaction rim which is almost opaque andi of unknown minGralogy. · . These 

rims are present around many of the hornblend'es in rock fragments in thf~' 
I,· . ., 

Temperance Formation, and tend to be more 1COllimoh around brownish than gree;nish 

varieties, but most hornblendesin the Temperance Formation do not have the 

reaction rim. 

Apatite and magnetite are ubiquitous accessory microphenocrysts in 

the lavas, occurring as ~tihedral crystals less than 0~5 mm. The apatite is 
/ 

equally abundant (about/ 1 %) in all sampleF but magnetite is much more 

variable, w·i th as mu·;h as 5%' in some ·samples. 

The phenocryst mineralogy correlates well with the MgO content of 

the rock (Table M5), and apparently indiciates a well-defined differentiation 
'. 

trend. Lavas with the highest MgO content contain olivine and clinopyroxene 

phenocrysts only. Those with slightly lower MgO also .conJ.ain plagioclase. 
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TABLE MS. PHENOCRYST MINERALOGY OF NINE MILE VOLCANICS LAVAS 
AND SOME RELATED ROCKS 

.··. 

Samele no. and Phenocr:z:st_ Percent Maximum ·Rock MgO content <%) 
grid ref. mineral In rock size t:z:pe* of rock 

<TANTANGARA> --- Triiiiif 

71840240 c I I nopyroxene 45 2 olivine 9.9 
' (421363) oil v lne 5 1 monzonite 

red-brown biotite 3 0.5 
magnetite 1 0.5 

71840498 c I I nr.)pyroxene 40 4 olivine 9.35 
(491624) ollvint~ 5 4 monzod ior lte 

porphyry 

71840492 c I I no pyroxene 35 2 absarokite 8.aa 
(471614) ol ivlne 15 1 

plagioclase 5 1 
opaque!i 3 o.s 

70840037 c i i no pyroxftne 35 2 olivine 7.63 
(428547J olivine 5 2 monzonite 

plagioclase 5 1 
magnetite 5 .~? 0.8 
brown biotite 0.5 0.3 
very dark brown 

hornblende o.s o. 3 

71B40490 cl i i1opyroxene 25 3 olivine 6.85 
(479610) p leg ioc I ase 10 1 monzonite 

or I vine 5 1 porphyry 
biotite 2 o. 5 

71840485 plagioclase 30 2 X shoshonite · 6.30 
(457601) clinopyroxene 25 .2 

magnetite 4 o. 3 
hornblende 1 1. 5 X 0.3 

71840296 t,ornbl ende 25 6 X 1. 5 shoshonit"3 4.56 
(409386) plagioclase 15 4 X 2 boulder from 

c r i no pyroxene 5 3 agg I or.1erate 
o~ques .2 0.3 
apatite 1 0.2 

71840390 ;>lag Joel ase 35 4 X 2 biotite 4. 15 
(455602) <:II nopy;-oxer:e 15 2 shoshonite 

bioti-te 5 o. 5 
magnetite 4 c. 4 
apatite 1 o. 5 

72840264 plagioclase 35 4 X 2 ·. quartz 2.61 
(991672, ho;--nbl ende 20 2 X 1 monzodiorite 
Ca bramurra SMA biotite 3 0.5 ,./' 

1-M II e Ser i es Sheet) apatite 1 1. 5 X 0. 5 
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With still lowe= MgO, plagioclase is more abundant and olivine is absent. 
I . , . 

Rocks with the lowest MgO contents contain hornblende as well as clinopyroxene 

and plagioclase. Biotite, apatite, and opaques do not seem to follow any 

pattern; by combining evidence from the Nine Mile Volcanics, Temperance 

Formation, and intrusions equivalent to the Nine Mile Volcanics lavas, it 

appears that biotite and opaques phenocrysts may or may not be present at any 

stage in the differentiation sequence, whereas apatite is equally abundant 

right through the sequence. Table M5 gives some examples of the phenocryst 

mineralogy of the lavas, and also of a lava fragment from the Temperance 

Formation and of some intrusive rocks. 

The groundmass of the lavas is similar in all samples. It is a 

felted mass of feldspar microli tes up to 0.3 x 0.05 mm (but mostly much 

smaller), and interstitial chlorite, opaques, granular iron-rich epidote, and 

minor amounts of other Ca-rich low-grade metamorphic minerals. In many 

samples the microlites are partly aligned parallel to a primary flow 

foliation. Staining with sodium cobaltinitrite reveals that most of the 

feldspar is potash feldspar,·but the larger microlites are mostly albitised 

plagioclase. Potash feldspar is occasional~y identifiable under the 
' 

microscope by the presence of Carlsbad :r:'ather than albite twinning: the 
0 

Carlsbad twin plane does not disappear in the 45 position, whereas that 

of a single albite twin does. Lavas with a coarser-grained groundmass 

commonly show albitised plagioclase microlites surrounded by a narrow .rim of 

pale .pink potash feldspar. One sample was X-rayed, and the structural state 

of the potash feldspar determined by the 28 values for the 060 and 204 

reflections (Wright, 1 968): it was close to maximum microcline, th0ugh 

originally it would probabl~r have been sanidine or orthoclase that has since 

been ordered by low-grade metamorphism. 

Two types of amygdales h&ve been found in lavas in the Nine Mile 

Volcanics. The more common type contains calcite, albite, and minor chlorite 

and is up to 1 em across. A less common type from a lava at grid reference 

464603 contains calcite, potash feldspar, and minor chlorite; the structural 

state of the potash feldspar was determined to be intermediate between 

orthoclase and microcline. 
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Thickness 

The estimated thiclmess of the Nlfif~ Mile Vblcanies in the type 

section on the Tumut River is' 1050 m, and a similar thickness is likely in 

the Peppercorn area. This, however, is a minimum thickness, since an unknown 

amount is missing from the faulted upper contacts of the unit. 
' 

Relations 

As discnssed earlier the Nine Mile Volcani.c s are considered to have 

formed as volcanic centres surrounded by clastic aprons represented by the 

Temperance Formation. The Nine Mile Volcanics must therefore, at least in 

part, pass laterally into the Temperance Formation. Lo~'Jally, however, as in 

the Little Peppercorn Creek area, i;i:1~ Nine Mile Volcanics '3.re e.xposed resting 

on top of the Temperance Formr. tion; thus, as the volcanic centres built up, 

the lava and tuff forming each ceLtre probably prograded outwards to rest on 

clastic sediments derived from earlier eruptions. 

'rhe relation between the Nine Mile Volcanics and the Gooandra 

Volcanics is less certain, since the two are always in faulted contact. The 

presence of K 0-pocr lava fragments, typical of the Gooandra Volcanics, only 
2 

in the lower part of the Temperance Formation may be taken as circumstantial 
' 

evidence that the Gooandra Volcanics antedate the upper part of the Temperance 

Formation and, therefore, much of the Nine Mile Volcanics. Yet the two suites 

of volcanics may be the products of different, partly contemporaneous volcanic 

centres. 

Fossils and age 
!· 

Graptolites are known from two localities in the Nine Mile Volcanics: 

south of Tumut Ponds and near Little Peppercorn Creek. 'I1he Turnut Ponds 

locality (Fig. M5) is a black slaty shale near the top of the exposed Nine 

Mile Volcanics close to the Long Plain Fault. A varied though poorly 

preserved fauna listed by Sherrard ( 1954) includes Dicellograptus di varicatus 

var. salopiensis, Climacograptus sqharenbergi, Mesograptus multidens, 

Glyptograptus teretiusculus, Amplexograptus arctus, ?Retiograptus 

geinitzianus, Lasiograptus mucronatus, and L.mucronatus var. bi~1cronatus. 

Sherrard derived a Gisbornian age for this fauna. The other locality, near 
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Little Peppercorn Creek a-t grici reference 483634 (Fig.M12), is in a grey 

siltstone, again near the top of the.volcanics. The fauna is too poorly 

preserved to identify it specifically, but again it suggests a Gisbornian age. 

In the Peppercorn Plain area (460600), small limestone lenses in the 

volcanic~"J stratigraphically below the graptolite-bearing strata have yielded 
r 

poorly preserved streptalasmatid corals ( Legg, 1968), and the conodont Belodina 

(R.S. Nicoll, BMR, personal communication 1974), w!lich has a middle to Late 

Ordovician range. 

,,.lle upper part of the Nine Mile Volcanics is therefore of Gisbornian 

(Latfcl Ordovician) age. As the Gisbornian graptolites a·.re at a stratigraphi

cally much higher level than detritus derived from the Nine Mile Volcanics in 

the Tem~Jerance Formation, volcanism may have started as early as the 

Darriwilian. 

Intrusions related to the Nine Mile Volcanics 

Throughout the Temperance Formation and Boltons beds, abundant 

stocks, dykes, and sills' 0f basic composition appear on petrogra-phic, 

geochemica!_, and stratigraphic grounds to have been feeders and. high-level 

magma chambers r·9lated to the Nine Mile Volcanics. They are particularly 

abundant west of Blanket Plain, and in the valleys of the Murrumbidgee River 

and Tantangara Creek upstream from their junction. The larger bodies, mostly 

over 50 m wide, have been indicated on the TANTANGARA geological map with the 

symbol Oki. 

These intrusions are of three petrographic varieties, and they show 

variation consistent with the differentiation observed in the Nine Mile 

Volcanics .Lavas, m1d lava clasts in the Tempe'!'an0e Formation. These three 

varieties are: large sill-like bodies which have been differentiated in situ 

and :3how well-developed cumulate textures; clinopyroxene porphyry dykes and 

stocks which appear to be the intrusive equivalent of +1.e Nine Mile Volcanics 

lavas from the northern end of Long Plain; and hornblende-rich dykes and 

stocks which are more highly fractionated than the lavas from the northern 

end of Long Plain. 
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Cumulate sills 

Cumulate intrusions in TANTANGARA form a small outcrop in the Boltons 

beds at grid reference 430361 (on the western edge of Blanket Plain), and an 

elongate sill about 2. 3 x 0. 3 h."lll on both sides of the Snowy Mountains Highway 

northwest of Sawyers Hill. .The first of these bodi.es may be part of a larger 

intrusion, as it is cut off to the east by a major fault. Joplin (1958) 

briefly studied two other, larger sills of·similar composition and texture 

west and southwest of TANTANGARA, and included them in the Jagungal-Nine Mile 

Complex, which we now believe to be composed of three distinct rock suites: 

( 1) , the Jagungal volcanics, which form the oldest outcropping rocks 

in the Kiandra area; 

( 2) intrusives related to the Nine Mile Volcanics; 

(3) the Lower Devonian Boggy Plain Suite of I-type granitoids, 

to which the diorite at Junction Shaft quarry in KOSCIUSKO 

(Joplin, 1958) and the olivine- bearing quartz monzonite at 

Kiandra (Browne & Greig, 1923) beloug. 

The southernmost of the two sills has been studied more recently by 

Williams ( 1974), who mapped the body as an irregularly shaped sill about 10 

km long and up to 1.5 km wide, and named it the Doubtful River Gabbro. The 

northern sill is of similar dimensions and has been studied by L.A. I. Wyb()rn 

(1977), who has called it the Gordies Spur Gabbro. Both these bodies are 

similar, comprising clinopyroxene, olivine, magnetite, plagioclase, aml 

apatite cumulate grains surrounded by intercumulus poikilitic greenish brown 

hornblende. In some samples the cumulate grains are relatively minor and the 

rock is composed of about 70-80% hornblende. These rocks have bean called 

perkni tes and hornblendi tes by Joplin ( 1 971 ) • Samples from the western sides 

of these sills contain more abundant feldspar, which i~ mostly altered to 

clinozoisite as the bodies have been metamorphosed to greenschist facies. 

Pegmatoid aggregations of hornblende and a~tered feldspar are also common 

towards the west, where,·hornblende crystals up to 10 x 2 em are present in 

the Doubtful River Gabbro at grid refr.rence 301118 (KOSCIUSKO). Immediately 

west of this locality the contact of the gabbro wi~h the Temperance Formation 

is irregular, and cherty tuff and fine-grained gabbro are intimately mixed 

( peperi te), suggesting that the sill intruded only partly li thified sediments. 

These sediments face west but dip steeply east. Gravitational stratification 
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of the body produced a more felsic top which now faces west, the same 

direction of facing as the enclosing sediments. The Gordies Spur Gabbro has a 

similar stratification with a more felsic western side (top), which is best 

seen in a section along Nine Mile Creek west of Nine Mile Diggings. 

The outcrop of cumulate rock on the western edge of Blanket Plain 

is highly altered and composed of epidotised feldspar, chloritised pyroxene, 

and minor biotite, apatite, and magnetite, all embedded in poikilitic greenish 

brown hornblende crystals up to 5 mm. Intergranular epidote is abundant and 

the rock is cut by prehnite veins. 

The sill to the northwest of Sawyers Hill is less altered and ranges 

in composition from biotite-bearing pyroxene hornblendite to hornblende 

monzonite. The hornblendite has a cumulate texture of euhedral clinopyroxene 

partly altered to green hornblende, brown biotite, apatite, magnetite, and 

sericitised feldspar, embedded in poikilitic brownish-green hornblende 
0 

(2V :::: 60) up to 4 rnrn. Parts of the sill (e .. g., at grid ref. 375276) 
X 

have been hornfelsed by the adjacent Lower Devonian Boggy Plain Adamellite, 

resulting in the recrystallisation of hornblende along grain margins. The 

more felsic rocks in the sill crop out southwest of the Snowy Mountains 

Highway,, and are more even-grained than the pyroxene hornblendi tes; they are 

composed of about equal proportions of microcline, sericitised plagioclase, 

and green hornblende- all about 1 mm- and mine~ chloritised biotite, 

opaques, and clinopyroxene (in the cores of hornblende), and rare quartz. 

These large high-level sills may have played a part in producing the 

chemical and mineralogical variation in the Nine Mile Volcanics, since low-

pressure crystal fractionation of amphibole, clinopyroxene, and especially 

olivine - present in the sills southwest (Williams, 1974) and w,est (L.A.!. 

Wyborn, 1977) of TANTANGARA ,_ is capable of producinc the fraction.<;~,tion trend 

observed in the Nine Mile Volcanics. 

Clinopyroxene porphyry intrusi0ns 

This petrographic group is the most common, occurring throughout the 

Temperance Formation and the upper parts of the Boltcns beds west but 

apparently not east of the Boggy Plain Fault. The intrusions are mostly dykes 

or sills only a few metres wide, rut some, such as those west of Blanket 
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Plain, are stock-like and up to 200m in diameter. Altogether about 25 

separate bodies have been mapped and sampled, and all are remarkably similar 

in texture and composition. 

The most striking feature of these intrusions is their abundance of 

clinopyroxene phenocrysts: they cc~1.tain be tween 25% and 45% of euhedral 

clinopyroxene up to 4 mm. This is commonly zoned (best seen on 001 sections) 
0 

with colourless cores and pale green weakly pleochroic rims (2V = 45-50 

and Z~ = 44°), of which the green rims have a slightly larger ~xtinction 

angle. In some samples (e.g., a i1yke at gr5.d ref. 466608) the clinopyroxene 

commonly forms glomeroporphyritic groups. 

Olivine pseudomorphed by chlorite is present in some samples, in 

which it mostly forms about 5% of the rock. It forms euhedral bipyramidal 

grains of about 1 mm, though in a sill about 10 m thick at grid reference 

491624 it forms phenocrysts up to 5 mm, which are distinctive in hand specimen 

as they are much darker than the pale green clinopyroxene phenocrysts. 

Another dyke rock from nearby (grid ref. 496623) contains about 15% olivine 

up io 1 mm, mostly altered to chlorite but commonly with cores composed of 

a recrystallised mass of quartz; as the alteration of olivine to chlorite 

requiree the introduction of alumina and the removal of silica, apparently 

not all the excess silica was removed from the olivine in this sample. 

Apart from the clinopyroxene and olivine these intrusions contain 

primary orthoclase, plagioclase, hornblende, biotite, opaques, and apatite. 

Orthoclase is always more abundant than plagioclase, bu~ not by a 

large amount, and the rocks are classified as monzonites and olivine 

monzonites. The orthoclase occurs as anhedral to subhedral grains up to 

1 x 0.3 mm, elongated along the x-crystallographic axis. It c~mmonly encloses 

plagioclase grains to give a monzonitic texture, but in porphyries with a 

finer-grained groundmass it forms narrow rims (less than 0.05 mm) around 

plagioclase grains, as well as separate laths. Perthite lamellae have not 

been Gbserved. Carlsbad twinning is present in almost all crystals, and is 

useful for distinguishing between orthoclase and albite microlites when the 

grains are too small for their optic sign to be deteJEined. 2V is about 
0 X 

60 for larger grains. 
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Plagioclase :i.s present as euhedral laths up to 2 mm long, but mostly 

it is the same size as the accompanying orthoclase. Smaller grains are 

commonly embedded in or surrounded by ortboclase. Unlike the orthoclase, 

which was not altered by the metamorphism in TANTANGARA, the plagio0lase is 

either highly sericitised or altered to clear albite. Secondary calcium

bearing metamorphic minerals commonly occur as inclusions in the altered 

plagioclase, but most of the original calcium present in the grains has been 

completely lost, and is now present in intergranular epidote, prehnite, 

pumpellyite, and calcite, or in veins containing these minerals. 

An important feature of the plagioclase and orthoclase, which 

comprise the bulk of the groundmass in these intrusions, is their grainsize 

relative to the position in the stratigraphic succeasion of the intruded rocks: 

the intrusions in the Bol tons beds and most of. the Temperance Formation have 

a relatively coarse-grained feldspathic groundmass, but the intrusions in the 

Nine Mile Volcanics and high in the Temperance Formation near the Nine Mile 

Volcanics have a much finer-grained groundmass, and must have crystallised 

at much shallower depths. This, along with their mineralogy and chemistry, 

is gcod supporting evidence that the clinopyroxene porphyry intrusions were 

the feeders for the Nirte Mile Volcanics lavas. 
I 

Hornblende is a common accessory mineral in some of the clinopyroxene 

porphyry intrusions, particularly in the rocks with olivine phenocrysts (e.g., 

at grid refs. 417358 and 411426). The hornblende differs f:i.·om that in the 

cumulate intrusions and the extrusive rocks in that it has much stronger 

absorption: X = yellowish brown, Y = dark olive green, Z = very dark bluish 

green, birefringence~ 0.027, and 2V = 20°; the optical properties 
X 

correspond to ferrohastingsite. The hornblende is commonly found around the 

margins of clinopyroxene phenocrysts and is anhedral against plagioclase 

laths, so it appears to have crystallised at a late stage, possibly at the 

same time as orthoclase. 

Biotite is also a common accessory mineral, and is more widespread 

than hornblende, being present in almost all samples. It forms euhedral to 

rounded flakes up to 0.4 mm embedded in the feldspathic groundmass. It is 

mostly brown, but is reddish brown in some samples, and is invariably r,lmost 

completely altered to chlorite. 

,, 



M52 

Apatite is abundant in 1,he feld spa thic groundmass of many of the 

intrusions. It occurs as greatly elongate needles up to 2 mm long which 

completely cut through grains of orthoclase and plagioclase, so must have 

crystallised before these minerals. 

Granular opa4_ues of about 0. 3 mrn form up to 4% of the rock and are 

embedded in the feldspathic groundmass. 

Hornblende-rich intrusions 

Hornblende-rich intrusions not displaying the cumulate teAture of 

the sills previously described are relatively rare, and apparently represent 

the most fractionated rocks present in the magma series of which the Nine Mile 

Volcanics is a part. They are highest in SiO and lowest in MgO. They were 
2 

mapped at six localities, of which three are j_n the more felsic parts of the 

previously described intrusive types. One of them (at grid ref. 991672, 

Cabramurra SMA 1-Mile Series Sheet) is part of the cumulate sill west of 

TANTANGARA (Geordies Spur Gabbro of L.A.I. Wyborn, 1977), and another two (at 

grid refs. 412423 and 407393) are parts of clinopyroxene porphyry stocks. 

The other three (at grid refs. 398425, 380290, and 402329) are dykes less 

than 1 m wide remote from any other intrusive types. 

Samples from all of them have abundant phenocrysts of euhedral 

brownish green hor-nblende up to 4 mm lo,ng and less common albitised 

plagioclase in a groundmass of potash feldspar, plagioclase, chlorite, ~uartz, 

hornblende, calcite, and opaque.~. The sample from grid reference, 407393 

contains clinopyroxene phenocrysts as well as hornblende, and there is no 

evidence of the clinopyroxene altering to hornblende. The hornblende 

porphyries appear to be similar to some of the lamprophyres described by 

Joplin (1971, pp. 197-199). 

Nungar beds 

Nomenclature 

Newberr~r ( 1956) referred to a series of Upper Ordovician slate, 

shale, siltstone, sandstone, and ~uartzite exposed in the Nungar Creek gorge 
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as the Nungar beds. Stevens (1958a) described them in more detail, and mapped 

various lithological subdivisions between Mount Nungar and Providence Portal. 

He also described a type section along Shaft Road, in the Nungar Creek gorge, 

and presented a detailed map of the section. Poorly preserved graptolites 

found by Stevens indicate a Late Ordovician age for the Nungar beds. 

Stevens (1958b, p.252) first published the name Nungar beds in a 

description of the geology of the Cooleman Plain district. The beds he 

referred to as Nungar beds in this area are now considered to be part of the 

Lower Silurian Tantangara Fonnation. Walpole ( 1964) also referred to the 

Nungar beds in a summary of the engineering geology of the Murrumbide;ee

Eucumbene Tunnel. Moye, Sharpe, & Stapledon (p. 92 in Packham, 1969) regarded 

the Nungar beds as the lateral equivalent of the Adaminaby beds, which crop 

out east of Adaminaby. 

SMHA geologists (Newberry, 1956; Moye, 1957; Stevens, 1958a) and 

Crook & .others (1973) assumed that the Nungar beds form extensive outcrops. 

on Nungar Ridge and on the ridge between Tantangara Dam and the Pocket Saddle 

area. The present study has demonstrated that much of the assumed Upper 

Ordoviciar. strata in this area is Lower Silurian, and this has led to the 

following reinterpretation of the Nungar beds. 

The name has been retained informally because the sections are 

incomplete and the relations between the Nungar beds and other Ordovician 

units in the area are uncertain. The Nungar beds and Boltons beds may be ... 

equivalents; if so the name Boltons beds would have precedence if the two 

units were combined into the one formation. 

Derivation of name 

The unit is named from Nungar Creek (N9wberry, 1956, p.4), along 

whose gorge lies the type section. 

Type section 

The type section (Stevens, 1958a) is along Shaft Road, which extends 

from the Tantangara Road (at grid ref. 469293) eastward for 2000 m - through 

the length of the Nungar .Creek gorge - to a former SMHA drj.ll site (at grid 
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ref. 484295). Stevens (1958a) thought that the rocks cropping out in this 

section were wholly Nungar beds, but we consider that much of this succession 

should be referred to the Tantangara Formation, and that the Nungar beds ~~re 

present in only two short sections - at the eastern end and in the centre. 

The present interpretation of the geology is shown in Figure M8. 

Stevens (1958a, p.2) recognised ten lithological units from west to 

east along Shaft Road: 

10. Fine-grained buff to green sandstone 

9. Interbedded slate and quartzite 

8. Int8rbedded siltstone 'and shale 

1· Brown siltstone 

6. Black slate 

5· Grey slate or shale 

4. Interbedded slat~ and quartzite 

3. Chiefly q_uartzite 

2. Spotted, finely bedded hornfels with some quartzite 

1. Dark grey qua?tzite 

Granodiorite intrusion 

We consider that only units 1, 2, 5, and 6 are Nungar beds, and that 

the remaining units are part of the Tantangara Formation. The rocks in units 

3, 4, and 9, called quartzite by Stevens, are not true quartzites but strongly 

lithified coarse sandstones typical of much of the Tantangara Fo1~ation. 

Units 1 and 2 are exposed at the eastern end of Snaft Road from the contact 

with a granodiorite intrusion (at grid ref. 484295) westward for 390m along 

the road (to grid ref. 481 292); units 5 and 6 are exposed along the road for 

140 m from grid reference 479291 (810 m west of the intrusion) to grid 

reference 477292. Between these two parts of the type section, the Tantangara 

Formation is poorly exposed in a narrow downfaulted block whose inferred 

arcuate easterly bounding fault converges on and meets the westerly bounding 

fault a few hundred metres north and south of the type section. The westerly 

bounding fault is exposed at grid reference 479291. 

Although the nominated type section of the Nungar beds is incomplete, 

it is the only locality in the type area where the beds are well exposed and 

so must suffice. Its incompleteneas, and the uncertain relations between the 

Nungar beds and the other Ordovician units, are arguments in favour of the 

Nungar beds remaini1Jg an infonnal unit. 
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Distrj_bution r.· 

The Nungar beds crop .out over much of the range between Providence 

Portal and Nungar Creek. They form. several irregular outcrops farther north 

on Nungar ridge, on the eastern side of Nungar Plain, and on the ridge 

extending from north of Bulgar Hill south to the Goorud8e rivulet and Mudhole 

. Creek valleys and to the Snowy Mount!:ins Highway.· A black graptolitic slate 

at Tantangara Dam, and areas of quartzite and slate east of Paytens Creek, 

are all considered to be part of the Nungar beds. the unit is also present 

around the headwaters of Burgess Creek, in southwest IJ:'ANTANGARAr and in the 

Brindabella Range, where it crops out on the higher parts in a north-south-
{.') 

. elongate fault~bounded block. 

The Nungar beds also crop out extensively in the weste.cn part of 

BERRIDALE, (White 1 1 976) Chappell, & Williams, 1 976) - for example, ori Bald id 

Hill (grid ref. 402031, BERRIDALE). 

Exposure of the Nungar beds. is commonly poor, but is good in some 

areas of the I1onaro Range. Quartzite fonns low tors not only ori ridge tops 

but also on valley floors and sides; and is common ao float. Slate crops oU:t 

more rarely; the two slate beds depicted on the TAN'l'ANGARA map in the Monaro 

Range are unusual in that they form prominent outcrops up to 4 m high. Float 

from the slate beds is generally common, but where the slate is interbedded· 

with quartzite its debris is obscured by the quartzite float. 

Lithology and petrography 

i I 

The' Nungar beds are a succession of interbedded fine arenite,. 

siltstone, and slate repr13senting a distal flysch sequence. Chert and 

tuffaceous sediments are rare. Sedimentary structure~ are abundant in most 

sections. 

The fine arenite, invariably altered to.quartzite, consists almost 

entirely of equigranular quartz grains about 0.1 to 0.2 mm with 

interpenetrative boundaries. In the le~s metamorphosed arenites the quartz 

is generally subang11lar. Rare coarser arenites hav'e a bimodal size 

distribution of quartz grains similar to that ,described for·the Boltons beds. 
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Accessory zircon and tourmaline are common, and metamorphic biotite, sericite, 

and chlorite are also present. Lithic fragments are absent, apart from very 

rare mud clasts in the coarser arenites. 

The siltstone is often finely laminated, and ha'3 a variety of 

sedimentary structures. It is formed of alte1.•nating layers, 0.5 to 4.0 mm 

thick, of fine silt grains of detrital quartz and phyllosilicate. Boundaries 
'· 

behreen quartz grains are often· interpenetrative, and a little. metamorphic 

biot.i te is generally present. Chlorite and sericite are co!nrnon, particularly 
, (( I ' 

in the finer laminae. Where hornfelsed by intrusive igneous rocks, large 

porphyroblastic cordieri te with abundant inclusions is extensively devE3,lOp'3d. 

Bedding in black to dark grey slate is generally obscure or lacking, 

but cleavage is well developed.. Pyrite is common, both scattered through the 

rock and locally concentrated in layers up to 0.5 mm ·thick whic.l may indicat.e 

bedding. Little can be seen in thin sections of the slate: the bulk of the 

rock has ~ black to very dark grey matrix with rare fine silt-size detrital 

quartz, and fine elongate sericite aligned parallel to the cleavage, scattered 

thr·ough the rock. 

Dark grey to black chert beds up to 20 mm thick are sometimes 

associated with the dark·slate; at one place at the western edge of the type 

locality on Nungar Creek (grid ref. 476295) an isolated 1 0-metre-thick 

sequence of well-bedded chert, in beds 5-20 em thick, is similar to chert in 

the Temperance Formation, particularly that at Dairymans Plain. 

'I'he rare tuffaceous sediments in the Nungar beds consist of a few 

deeply weathered dark greenish grey rocks exposed· as float on the northwest 

slopes of Gang Gang Mountain. The rock c:r.ppears to be u ':>asic tuff, possibly .. 
. ' ' ' 

waterlaid, but is too weathered for firm identification. 

Sedimentary structu~·es and environment of deposition 

The sedimentary structures in the Nungar beds in~lude parallel 

lamination, ripple c:.·oss-beddine;~ convolute bedding, and r·:q,re gr~.ded bedding. 

Load and ::lute marks on bedding surfaces are not evident,. largely because of· 

the widespread occurrence of interbed shearing. 
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This assemblage of sedimentary structures indicates distal flysch; 
/ 

only rare deposits are of a more proximal nature. Although no detaile? logs 

have been made, most turbidite units seem to be missing divisions A and B of 

Bouma's ( 1962) ideal sequence, and the proximali ty index of Walker ( 1967) is 

probably about 25%. 

Thickness 

We have not attempted to estimate the thickness of the Nungar beds 

because they are intensely deformed. They are probably of the order of 

thousands, rather than hundreds, of metres thick. 

Stevens ( 1958a) noted the occurrence of poorly preserved Late 

Ordovician graptolites in the Monaro Range b~tween Gang Gang Mountain and 

Nungar Creek. Later, during the construction of Tanta.ngara Dam, graptolites 

were found in a black pyritic slate cropping out in the foundationt=' of the 
i 

northern half of the dam site~ The graptolites were in the SMHA collections, 

in Cooma, but have now been deposited in the Commonwealth Palaeontological 

Collection, hel'd by BMR. _Most specimens are ·too poorly preserved to be 

identified, but we identified a specimen on one sample (SMHA sample T6022) 

as Orthograptus calcaratus var. tenuicornis, which ranges through the 

Gisbornian and Eastqnian according to Thomas (1960). Elsewhere in 

southeastern New South Wales, graptolites ranging in age from Darri wilian to 

Eastonian are present in similar distal flysch successions; the Nungar beds 

may have a similar range. To our knowledge, no graptolites younger than 

Eastoniari ~re known from distal flysch successions elsewhere in this region, 

and so the Nungar beds are unlikely to be younger than Eastonian. 

Relations 

We regard the NuTigar beds as a distal flysch wedge devdloped to the 

east of the island arc formed by the· Nine Mile and Gooandra Volcanics, and 

deposited essentially contemporaneously with these volcanic units. This 

implies that.in the area now intruded by the Boggy Plain and Gang Gang 

Adamell1tes and covered by the Tantangara Formation, the Nungar beds pass 

laterally westward into volcanogenic sediments, though the evidence for this 
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is circumstantial: • firstly, the age of the Nungar beds ~nd their equivalents 

is essentially Gisbornian to Eastonian, similar in part t;o that of the Kiandra 

Group; and secondly,· some thin tuffaceous rocks and bedded chert in the Nungar 

Creek gorge and Gang Gang 'l-irJuntain area are similar to lithologies in tha 

Kiandra Group, and may indic-:ite an interfingering of the two units. 

The Boltons beds are considered to be equivalent to th~ oldest part 

of the Nungar beds; the two are virtually identical .in field appearance and 

petrography, and, in BERRIDALE, are separated only by a brecciated fault zone 

(White & others, 1 976 a). However, their' complete synonymy cannot be 

demonstrated at present, but must awai·' . ·.rther detailed mapping in KOSCIUSKO. 

The Nungar beds are thought to be overlain conformably by the 

Adamina by beds and UlJ.conformably by the Tan tangara Formation. 

Adaminaby beds 

Nomenclature 

The name Adamina by· beds was first published by Fairbridge · ( 1 953,. 

p. III/3), and had been used prev~ously by Adamson ( 1951) ~ Later; Adamson 

(1956, p.141) published the· name for Ordovician ~:.ediments at the site of the 

Eucumbene Dam (BERRIDALE), though he failed to use it in an earlier report 

(Adamson, 1955) describing the regional geology of the area. Authors who 

later referred to the Adaminaby beds include Opik t1 958) and Moye, Sharp, & 

Stapled on (in Packham, 1969). · 

None of these authors has satisfactorily described the unit, and 

neither type·section nor area has been designated. The unit is assumed to be 

named after the old township of Adami:naby, now flooded by Lake Eucumbene. 

Since the relations of the Adaminaby beds to other Ordovician units in the are 

and to the Lower Silurian Tantangara Formation cannot be clearly demonstrated, 

the name is retained as an informal one. 

fl, 
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Distribution 

The Adaminaby beds crop out over a large area in the eastern half 

of TANTANGARA and BRINDABELLA. The m&in outcrop extends north from the 

southern edge of TANTANGARA, where it occupies a bolt 5 to 6 km wide between 

the Murrumbidgee Batholith to the east and the Cotter Fault to the west. 
·' Northwards this belt narrows, and is interrupted ty the Stewartsfield 

Granodiorite intrusion and overlying Cainozoic sediments near Yaouk. From 

Yaouk northwards, the Adaminaby beds crop out on both sides of the Cotter 

Fault: in the west they are pinched out between the Gingera Batholith and 

the Cotter Fault 6 km north of Adaminaby; and on the eastern side they continue 

north into BRINDABELLA between the Cotter Fault and the Murr~1bidgee 

Batholith, and are faulted out by the Wins lade Fault in the Cotter valley 

above Cotter Dam. Several small areas of sedimentary rock within the 

Murrumbidgee Batholith in the Paddys River area are correlated with the 

Adaminaby beds, ·and so is a belt of similar rocks forming the Bullen Range. 

A further belt of Adaru:i.naby beds lies setween the Goodradigbee and Bimberi 

Faults from Rolling Ground Ridge northwards, ending· where the two faults join 

west of Mount Aggie. A belt of the Adaminaby beds forms a sedimentary screen 

between the Shannons Flat Adamellite and Clea.r Range Granodiorite from the 

Orroral valley south to the southeast corner of TANTANGARA. 

Reference section 

Owen & others (1 97 4 b) suggested that the type area should be around 

Eucumbene Dam, but subsequent examination has shown that it is unsuitable for 

a reference section: the Jindabyne Fault, from which the Tantangara and .Boggy 

Plain Faults appear to branch near the northern edge of BERRIDALE, strikes 

roughly north-south close to the eastern side of the dam (White & others, 

1976b), where it separates the Adaminaby beds to the east from the Nungar beds 

to the west; the Adaminaby beds are too poorly exposed or disrupted by the 

Berridale :and Kosciusko Batholiths for a representative section to be 

designated.': The site of old Adamina by is now flooded by Lake Eucumbene, but 

even the exposures close to the shore are too poor for a reference section 

to be described. However, farthe:r: northeast, a section through the Adamina by 

beds is well exposed along a track on the south side of the Murrumbidgee River 

at Rosedale, about 6 km east of Adaminaby (grid ref. 658152 to 661153, 

TANTANGARA), and we have described it as a reference section, which we 
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recommend be considered as the type section if the unit is formally defined at 

a later date; it comprises about 150m of continuously exposed interbedded 

sandstone and shale representing a typical proximal flysch sequence, and dips 

east at about 60°. Additional excellent sections sre exposed on the access 

road for the water pipeline from Bendora Dam to the Cotter Pumping Station 

(between grid refs. 692824 and 716857, BRINDABELLA). 

' 
Lithology 

The main lithology of the Adaminaby beds is a medium to fine-grained 

impure sandstone, with interbedded siltstone and shale, and minor amounts of 

coarse sandstone, black slate, and bedded chert. Limestone and ttlffaceous 

beds are absent. 

Most of the succession represents a proximal flysch sequence, and 
I 

is similar in field. appearance to the eastern part vf the Tantangara 
' ' 

Formation, a feature which has led to problems in distinguishing them in· the 

field. 

The main rock type appears in the ,field to be a light to 'medium brown 

sandstone, though outcrops are rare• Individual beds- in,which the sandstone 

commonly grades upwards into siltstone and shale, and contains.load casts

are up to 10m thick, but.seldom exceed 2 m. The sandstone is composed of 

moderately rounded to angular quartz grains, generally less than 0.3 mm 
I 

diameter, in a matrix of fine silt and clay; sorting is commonly poor. Rock 

fragments and feldspar grains are virtually absent. The siltstone and shale 

rarely crop out, though road-cuttings indicate that they form an important' 

element within the unit. They are generally light grey to brown, commonly 

show parallel laminations or small-scale cross-bedding, and contain small 

slump structures. 

In ·the north, particularly in the. Goodrad igbee and Cotter valleys, 

beds of coarse sandstone are an important part of the succession. The 

sandstone is poorly sorted, massive, generally brown, with quartz grains up 

to 1. 5 mm in diameter visible in hand specimen. Rock and feldspar grains are 
II 

rare, except east of Carin Dam, and rock clasts have been seen only·· 

immediately west of Gorin Dam (Fig. M9), where the bases of thick sandstone 

units commonly contain clasts of black mudstone up to 50 mm long and rare 
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clasts of weathered sulphides, possibly pyrite with minor chalcopyrite; the 

rock may represent a 'slurry deposit' type of flysch sed~nentation. 

In thin section the coarse sandstone comprises well-rounded spherical 

quartz grains up to 1.5 mm diameter in a matrix of less rounded quartz and 

rare feldspar grains less than 0.25 min and fine phyllosilicate material. The 

proportion of large rounded grains ranges from more than 75% in some specimens 

to less than 5% in others. When present, rock fragments are usually black 

mudstone or rarely chert, highly weathered volcanic rock, or quartzit:""'. 

Coarse sandstone from the Adaminaby beds is similar to that in the Tantangara 

Formation (particularly near Tantangara Darn), but mostly has fewer lithic and 

more feldspar fragments. 

Black shale or mudstone interbedded with the brown sand stone sequence 

~-t several localities :fonas ·beds from two to· several tens of metres thick. 

Cleavage may be sufficiently· well developed to form slate!" In several 

localities (e.g., grid ref. 802394) the Shannons Flat Ad~ellite has strongly 

hornfelsed the adjacent black siltstone to a quartz-rnuscovite-biotite

cordierite rock in which prismatic andalusite has lvcally developed. Two 

black shale beds up to 25 m thick (Og 
0 

) t· 
1 1 11 1 , g2 are par lCU ar y we 

developed in the gently dipping Adaminaby beds in the Tidbinbilla Range. 

Graptolites are fairly common at several localities, especially'where the rock 

has been hornfelsed by intrusions of the Murrumbidgee Batholith, though 

specimens have also been collected in regionally metamorphosed rock (where 

cleavage and bedding coincide) and in the undeforrned shales west of 

Tidbinbilla Range. 

Bedded chert is exposed at Alum Creek (grid ref. 772153), where dark 

grey to black chert in beds from 10 to 25 em thick crops out for 150 rn along 

the creek and appears to be about 30 m thick. · The relation between the chert 

and the surrounding brown sandstone is ,UI1known, but is assumed to be 

conformable within the sandstone. The ch,ert 'is similar in appea.ranc~ to. that. 

in the Temperance Formation, but does not show the slump-folds r::omrnon in the 

latter. 
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Sedimentary structures and environment of deposition 

The Adamjnaby beds contain abundant sedimentary structures that 

indicate deposition in a proximal flysch environment. These include graded 

bedding in medium to coarse sandstone, parallel lamination, current ripple 

lamination, convolute bedding, and, where folding has been less intense, load 

casts and flute marks. Although no d<;tailed logs have been made, the 

proximality index (Walker, 1967) in most areas is estimated to be more than 

75%. However, the Adaminaby beds are not uniformly proximal flysch because 

they include sequences deposited in a more distal environment - for example, 

on the Corin Dam road at grid reference 676655 - but these are ·of limited 

occurrence, and the bulk of the Adruninaby beds was deposited in a proximal 

flysch environment. 

Trace fossils have been seen only at one locality, in the bed of the 

Cotter River about 5 .km downstream of Bendora Dam (grid ref. 677797). The 

trace fossils occupy bedding surfaces in a dark grey siltstone, and represent 

browsing traces of a surface-feeding organism. They belong to the deep-water 

Nereites facies of Seilacher (1967). 

The sandstone exposed on the west abutment of Corin Dam (grid ref. 

661659) shows several unusual features. It is well bedded in units 20 to 100 

em thick (Fig. M10), is coarse-grained, contains abundant black shale clasts, 

rarely shows graded bedding, has sharp tops and bottoms, and lacks scouring; 

some beds, however, do show graded bedding up'wards into plane-parallel 

laminated siltstone, before being cut off by t~e next sandstone bed. Such 

a deposit typically forms in a proximal flysch environment, and these beds 

may represent a traction-carpet deposit (Dzulynski & Sanders, 1962; Bagnold 

1956), which in a proximal flysch environment may develop a sharp top and 

be ungraded (Walker, 1967); it most typically occurs in the upper part of 

a submarine fan. 

Graptolites are known from several localities in the two Sheet areas. 

A hornfelsed black mudstone on a ridge about 3.5 km south-southeast of 

Gudgenby (grid ref. 804394) has yielded Climacograptus bicornis, 

Dicranograptus cf. ramo sus, and D. hians., indicating a late Eastonian age; 



Fig. M9. Elongate mudstone clasts at the base of a turbidite unit in 
the Adaminaby beds on the west abutment of Gorin Dam. 

(GA/8092) 

Fig. M10. Well-bedded arenite in the Adaminaby beds on the west 
abutment of Gorin Dam. They are thought to have been 
deposi t"ed by a traction-carpet process in an upper fan 
environment. 

(GA/8100) 
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a similar fauna has been found near Jones Plain (grid ref. 746158). The best 

preserved and most prolific faunas have come from the black shale bands in 

the Tidbinbilla Range, particularly at grid reference 724796. The forms 

identified from this locality include Dicellograptus cf. complanatus, D. 

complanatus var. ornatus, D. morrissi, D. caduceus, Dicranograptus hians, 

Orthog~aptus calcaratus var. acutus, 0. pageanus var. ?spinosus, Q. cf. 

truncatus, Climac0graptus bicorni!, Q. caudatus, and Hallograptus 

bimucronatus; the indicated age is latest Eastonian. Elsewhere, both 

Eastonian and Bolindian ages have been reported from units correlated with 

the A.daminaby beds (Hopwood, in Packham, 1969; and White & others, 1976a) • 

The age of the Adaminaby beds is therefore taken to be late Eastonian 

to early Bolindian. 

Relations 

The Nungar beds are thought to pass upwards conformably into the 

Adaminaby beds, representing a probably gradational change from distal to 

proximal flysch sedimentation in the middle part of th~ &istonian. 

The Adaminaby beds are similar lithologically to the Lower Silurian 

Tant.angara Formation, and distinguishing the two in the field is difficult 

in the absence of fossil eviden~e; so one may have been ;mapped for the other 

in places. 

The main difference between the two units is that black graptolitic 

shale is present in the Adaminaby beds, but absent from the Tantangara 

Fonnation. In addition, sandstone (phrticularly coarse sandstone) of the 

Tantangara Formation tends to contain a higher proportion of rock fragments 

than the Adaminaby beds, though sandstone rich in mudstone fragments near 

Cori:!l Dam has been assigned to the Adaminaby beds on the evidence of 

graptolite faunas found just to the north - in the Tid bin billa Range. 

Apart from the unconformable contact between the Adaminaby beds and 

the Tidbinbilla Quartzite, all contacts between the Adaminaby beds and other 

Palaeozoic sedimentary rock formations are faulted in the two Sheet areas. 

The Adaminaby beds have yielded no latest Ordovician faunas, and so are 

assumed to be unconformable below the Lower Silurian Tantangara Formation, 

which overlies other Ordovician formations unconformably. 
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Thickness 

The thickness of the Adamina by beds is unlcr10wn owing to the complex 

structure and the lack of marker beds. It is almost certainly more than 

1000 m, and may be several thousand metres. 

SILURIAN SEDIMENTARY UNITS 

Although much of the two Sheet areas was land through most of the 

Silurian, and felsic volcanism predominated, nine Silurian, mainly sedimentary 

units have been recognised. The oldest unit, the Tantangara Formation of 
'· 

early Llandoverian age, is a thick sequence of turbidites which marks the 
. ' 

final phase of flysch sedi:n~ntation in the two Sheet areas. After a fold 

episode in the middle Llandoverian, exclusively shallow-water shelf sediments 

were deposited in restricted areas through the remainder of the Silurian. 

Marine sedimentation persisted from the late Llandoverian to the Pridolian in 

the Cooleman Plains area (Cooleman, Plains Group), but elsewhere it was 

restricted to the late Llandoverian-early Wenlockian in the Cotter valley 

(Tidbinbilla Quartzite), the Ludlovian near Wee Jasper (Micalong Creek Beds), 

and the early Ludlovian in northeast BRINDABELLA (Gl~n Bower and Yass 

Fo.rmations) • 

Tantangara Formation 

Nomenclature 

Best & others (1964) gave the name 'Tantangara Beds' to sediments 

that crop out on Nung&r Ridge, north and south of Tantangara Dam, and 

described them as 'shales, sandstones, greywackes and volcanics' of 

undifferentiated Silurian age, although they gave no evidence for the age. 

Bein (1968) and Crook & others (1973) concluded from a study of 

graptolites from the foundations of Tantangara Dam that the .'Tantangara Beds' 

were Late Ordovician, and that there was no reason to separate them from the 

Nungar beds. During the 1971-72 field season, Silurian fossils were found 

at localities on Nu.r:..gar Ridge, and major lithological differences were noted 
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between the Nungar beds and 'Tantangara Beds'. For these reasons the validity 

of the 'Tantangara Beds' as a separate unit is upheld- although its status 

is changed to that of formation - and a definition of the unit follows. 

Derivation of name 

Best & others (1964) did not say how the unit derives its name, but 
I 

we assume it is from Tantangara Dam (grid ref. 502372). 

Type section 

The type section is designated as starting along the road-cutting 

on the south side of the Murrumbidgee River east from the tunnel inlet valve 

station above Tantangara Dam (grid ref. 500371) to the bridge over the 

Murrumbidgee River, and continuing across a series of natural exposures along 

the hillside on the south side of Gulf Bend to grid reference 520369, a total 

distance of 2 km (Fig. M11). The western part of the road-cutting exposes 

a continuous section of massive coarse dark arenite with interbedded siltstone 

and shale; the eastern part has discontinuous exposures of softer fine brown 

arenite. The natural exposures formed hy severe soil erosion on the south 

side of Gulf Bend are interbedded fine arenite, siltstone, and shale. Dips 

in the typa section are generally between 70 and 80° to the west-northwest. 

An additional reference section is a road-cutting on the Snowy 

Mountains Highway between grid references 487218 and 496220, on the eastern 

side of the Monaro Range. It consists of a series of brown interbedded fine 

arenite, siltstone, and cleaved shale, in beds 0.5 to 30m thick. The beds, 

some of which show graded bedding, dip to the southeast at 65 to 80°· 

Distribution 

The Tantangara Formation is thought to crop out over a large area 

between the Snowy Mountains Highway and Lake Eucumbene, and most of this area 

is shown as such on the TANTANGARA map. However, a review of the geology of 

this area, and.a comparison with BERRIDALE (White & others, 1976a}, to the 

south, suggests that at least some of the area is probably underlair by 

Adaminaby beds, since fossiliferous Ordovician rocks crop out only a few 

kilometres south of TANTANGARA. In particular the area around Anglers Reach 
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is now thought to be Adaminaby beds, but since the relation - and indeed the 

position of the boundary - between the Tantangara Formation and Adamina by beds 

is unknown in this area they are not separated on that part of the map. In 

the absenee of fossils, or in areas of poor outcrop, only thin sections can 

help to distinguish between the two. 

North of the Snowy· Mountains Highway, the Tanta!lgara Formation c:rora 

out in a wide belt, though with several inliers of Nungar berls, as far as the 

Murrumbidgee River east of Tantangara Dam. The width of outcrop is about 11 

km east of Tantangara Dam, but nat"rows northwards and is faulted out 4 km 

northcas t of Poe ket Saddle. 

West of Tantangara Dam the formation crops out in a belt about. 5 km 

wide, extending south from Mount Nattung through Peak Back Ridge and Zinc 

Ridge to Blanket Hill and south along Gang Gang Creek and Little Swamp Creek 

to the southern edge of TANTANGARA. 

The Tantangara Formation is generally poorly exposed, with the 

exception of massive coarse arenite beds which form prominent tor-like 

outcrops on Nungar Ridge. These resistant beds generally crop out along ridge 

tops and less commonly along the flanks of hills and in valley bottoms. Float 

from them has formed extensive colluvial deposits which obscure much of the 

underlying geology. In a few places large scree slopes have developed, for 

example on the south side of Mount Nungar. 

The softer fine-grained arenite, siltstone, and shale which are 

interbedded with the coarse arenite rarely crop out, except where soil erosion 

is severe - as at Gulf Bend. 

Lithology 

Three lithological associations are apparent: (1) dark grey coarse

grained massive sublitharenite, dark brown to grey siltstone, and shale, i~ 

which graded bedding from coarse arenite to siltstone and shale is common; 

(2) light to medium brown fine arenite, siltstone, and shale, with less common 

graded bedding; and (3) medium to fine arenite with few finer interbeds. 
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I 

The massive cOarse sublitharenite-siltstone-shale association 

predominates in the western outcrops of. the Tantar15ara Formation east of the 

Tantangara Fau~t - particularly on Nungar Ridge - but is also sporadically 

interbedded wlth the fine arenite-siltstone-shale association farther east. 

The distinctive rock type is a coarse to very col:!rse sublitharenite or quartz 

1::1renite in beds up to 20 m thick, commonly showing graded bedding. Individual 

beds are lenticular, generally less than 1 km in extent; the lensing may be a 

tectonic feature, but a sedimentary origin is more likel.y. The rock is 

extremely resistant and, forms large tor-like outcrops· that have well-developed 

joints and indistinct bedding. 

In hand specimen the arenite comprises conspicous well-rounded 

quartz grains up to 2 mm in diameter, brownish rock fragments,and ra~e white 

feldspar grains. Fossil fragments, generally of a similar size to the larger 
.,. 

grains, are present at th-c·ee localities, but reach identifiable size (up to 

10 mm) at only one (grid ref. 4922.99). The h.)ttom layers of many of the 

graded units contain black mudstone clasts, generally 5 to. 20 mm in diameter 

though exceptionally up to 250 rnm long by 50 mm thick. · The larger clasts are 

elongate and commonly distorted, whereas the small<:r ones - less than 50 mm 

- range' from elongate to nearly spherical. Rare clasts of grey chert. are 

elongatE:: and undeformed. 

In thin section the rock is trimodal: large grains 0.5 to 2.0 rnm 

in diameter make up the bulk of the rock; grains 0.05 to 0.15 rnrn form a 

second group; and fine phyllosilicates fill the interstices between the 

grains. The larger grains are mainly well rounded with a high sphericity, 

whereas the smaller grains are generally subangular and commonly have 

int.erpenetrative boundaries with adjacent grains. Quartz forms 80 to 98% of 

· ",both granular modes; all grains ehow und ulose ex tine tion ~ and many shol-r 

deformation lamellae.··· The finer. granular mode includes rare detrital grains 
. 1•. :, 

of potash feldspar, r~ • ~.ocl'cise·, .:mv.scov,ite, zircon, and tourmaline. 
;.•· ' -·.ri I,. 

Several types of rock fragment are present.· . The most common is black 
I .· (• 

mudstone, which is brown in thin section and composed entirely of 

phyllosilica tes 1vi th no silt-size grains. Bedding is generally not visible 

in these fragments, which are mostly elongate -with length :width l'utios of up 

to 3:1. Chert is present in minor amounts, and {s formed of phyllosilicates 

and cryptocrystalline quartz. Volcanic rock fragments, though ra1.·e, are 

,,.,. 



present. in almost all sample~:, and in a. few places are the main component; 

they comprise interlocked andesine laths averaging 0.15 mm long in a brovm 

phyllosilicate matrix~ and ara similar to the volcanic rocks in the Nine Mile 

and Gooandra Volcanics. 
' The matrix of the rock is a pale brown network of fine phyllos-i~licate 

I 
needles. Much is too fine-grc.ined to be identified, though sericite and 

. chlo:r.·i te ~i th anomal')US 'Berlin bl lie' interference colours are present, and 

in S:.J~11e rocks red- browu bioti t,~ fonns small clusters of fine needles. 

According to the clasBi'fica tion of Folk ( 1968), these rocks range 

from quartz . arenite to subli th.s.reni te. 

Within a single turbidite m1it the coarse arenite described'~boVe 

grades into fine arenite·as the coars8r mode diminishes and'the ratio between 

the two other modes ~·emains roughl.f the same. The fine arenite passes 'in to 

siltstone as the proportion of the finer granular mode diminishes; the total 

elimination of this mode produces. shale. The reduction in g~ainsize t0 

siltstone and shale is usually accompanied by a chang9 in colour from very 
I . 

dark grey to lighter grey or dark brown. The mj_neralogy of the finer-grained 

rocks is similar to that of the coarse arenite except that rock fragments ar(:l · 
I· 

rars or absent. All fine arenites qualify as quartz arenites according to 

Folk's classification. 

Although the fine arenite, siltstone, and shale which are associated 

with the coarse arenite com..'llonly form the upper parts of graded-bedded units, 

they may also form such units without a coarse arenite at the. base, or may 

occur as uniform individual beds up to 2m thick.· The finer:..grained beds are 

commonly much softer than the massive coarse arenite.; thus they rarely form 

natural exposures, and are generally seen only in road-cuttings. 

The fine arenite-siltstone-shale association, exposed in the 

reference section on the Snowy Mountains Highway, djffers from the association 

described above by the almost. complete absP.nce of thick beds of coarse 

arenite. It crops out over a large ,qrea east of the Monaro Range, ·from the· 

Murrumbidgee River south through Nungar Plain to the southern edge of 

TANTANGARA. The common rock type is a medium to light br(1wn fine arenite<, 
. ' 

which may grade up into brown :siltstone and grey 'to brown cleaved shale. 

r,raded bedding is less promine~t than in the association described above, and 

both fine arenite and shale may form thick ungraded beds. 
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In outcrop the fine arenite is typically light to medium brown -

rarely grey - soft, and deeply weathsred. It occurs either as the basal part 

of turbidite units up to 1. 5 m thick, or as uniform beds 0. 5 to 30 m thick. 

Because it is soft, it is exposed only in road-cuttings - a feature of all 
,, 

l'Ock types of this association. Thin sections show that it is bimodal: grains 

ranging in siza from 0. 05 to 0. 25 mm form 50% to 7,0% of the rock, and fine 

silt to clay forms the matrix. Quartz grains form the bulk of the fine sand; 

chert and shale fragments - if present - form less than 5%. Sparse albite 

and muscovite appear to be of detrital origin. The matrix is generally 

indeterminable, but both chlorite and sericite have been identified. The 

siltstone is mineralogically similar to the arenite, and differs only in 

grainsize. 

The shale is brown to grey, commonly finely laminated, and invariably 

strongly cleaved. It either forms the upper part of a graded-bedded unit, 

or occurs as individual beds up to 50 m thick. Thin sections show that the 

lamination is due to alternating fine-grade detrital quartz and phyllosilicate 

material. Laminae are 0.5 to 2.0.mm thick, the coarser material forming the 

thicker laminae. The phyllosilicate material forming the matrix of the fine 

siltstone and shale is generally indeterminable, but includes chlot>ite and 

sericite. 

The medium to fine arenite ~ssociation, which crops out over a wide 

area west of Tantangara Reservoir from, Blanket Hill north to Port Phillip Gap, 

typically comprises medium to thickly bedded, fine .to medium-grained arenite 

with minor shale. Crook & others ( 1' 973) referred these beds to the_ Ordovician 

Boltons beds, but our work has shown that they rest unconformably on 

Ordovician units north of Peak Back Ridge and are overlain ~y the Peppercorn 

Formation; hence we correlate them with the Tantnngara Formation. 

The medium to fine arenite of this association varies from light grey 

to greenish-grey or brown, or· rarely dark grey. It forms beds from 2 em to 

several metres thick which are generally devoid of sedimentary structures. 

The thinner-bedded arenite occurs mainly on Peak Back Ridge; elsewhere, to 

the north and south, the thickly bedded or massive arenite predominates. 

The arenite is similar to that in the massive coarse sublitharenite-siltstone

shale association, except that the large well-rounded grains are less common, 

and are rarely more than 1 mm in diameter; in many arenites these large 
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grains are completely lacking. The smaller grains are commonly angular and 

poorly sorted, and phyllosilicate material is common. Metamorphism has 

converted the arenite to quartzite. A variety of rock fragments may be 

present, including chert, mudstone, quartzite, and possible volcanic rock. 

A feature of many arenites of this association is the abundance of well- .. 

ro'unded zircon and tourmaline grains. Siltstone and cleaved shale are common 

only on Peak Back Ridge. The siltstone may be finely laminated and show rare 

contorted bedding, but the cleavage has destroyed all sedimentary structures 

in the shale. 

Environment of deposition 

The Tantangara Formation contains many of the typical sedimentary 

structures of turbidite deposits, and the turbidite sequence of Bouma (1962) 

is widely developed. The common occurrence of Bouma's divisions A (basul 

graded bed) and B (plane-laminated arenite) indicates that much of the 

sediment was deposited in a proximal turbidite environment. Crook & others 

(1973) reported proximality values for three short sections at Tantangara Dam 

as 25%, 1 OO%, and 83.3%- The juxtaposition of two very proximal with oz1e 

rather distal value is puzzling,though Crook & others (p. 120) suggested four 

possible explanations without giving preference to anyone. The proximality 

values, however, do confirm that much of the section at Tant.angara Dam, which 

is within our massive coarse sublitharenite-siltstone-shale association, is a 

proximal turbidite. 

The fine arenite-siltstone-shale association, which occurs generally 

east of the massive coarse snblitharenite-siltstone-shale association, 

similarly ex hi bits many of the features of proximal turbidite deposition, but, 

in contrast, shale is more common, the arenites are finer-grained, and 

individual turbidite beds are thinner. No detailed logs were measured, but 

proximality index is estimated to be commonly between 50% and 75%, with some 

parts below 50%. It is therefore considered to be a more-distal turbidite 

than the massive coarse sublitharenite-siltstone-shale association. 

The concept of proximality cannot be applied to the sequences in the 

medium to fine arenite association, since virtually all their internal 

sedimentary structures have been destroyed during recrystalJisation. However, 

since the arenites are similar microscopically to the remainder of the 
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Tantangara Formation, they presumably formed by a similar depositional 

process; in addition, shale is minor, and much of the arenite is in thick 

to massive beds. We therefore suggest that the medium to fine arenites were 

deposited in an area in which frequent rapid turbidity flows restricted the 

deposition of mud, and that they may represent traction-carpet deposits 

(Dzulynski & Sanders, 1962; Walker, 1967) formed in a more-proximal 

environment than the massive coarse sublitharenite-siltstone-shale 

association. 

Based on the arguments given above, l!le suggest that the Tantangara 

Formation was deposited in a meridional trough which developed at the end of 

the Ordovician or early in the Silurian, and represents a series of submarine 

fans deriving their sediment from the west. The medium to fine arenite 

association would have been deposited in the upper part of one or more fans; 

the massive coarse sublitharenite-siltstone-shale association in the central 

parts of the fans; and the fine arenite-siltstone-shale association in the 

outer parts of the fans. The thinner-bedded arenite and minor shale around 

Peak Back Ridge may have been deposited between two. adjacent fans represented 

by the thick arenites which crop out to the north and south on Mount Nattung 1 

. I 

and Zinc Ridge. Similarly the sequence of distal beds noted by Crook & others 

(1973) at Tantangara Dam may have been derived from a fan adjacent to that 

which supplied the Tantangara Dam area. 

This hypothesis implies that the three associations are lateral 

equivalents, which is supported by the relations between the associations and 

the underlying units: in the west the medium to fine arenite association 

rests unconformably on the Kiandra Group west of Dairymans Plain; the massive 

coarse subli thareni te-sil tstone-shale association rests unconformably 'On the 

Nungar beds on Nungar Ridge; and farther east, the fine arenite-siltstone

shale association also rests unconformably on the Nungar beds on Nungar Plain. 

Relations 

The contact of the Tantangara Formation with underlying units is an 

unconformity. It is well exposed west of Dairymans Plain in a stream bed (at 

grid ref. 447456) where the Tantangara Formation dipping 34°N and striking 

165° overlies chert of the Kiandra Group steeply dipping on strike 010°; 

the base of the Tantangara Formation is a massive medium to coarse-grained 

arenite .!lbout 3m thick with abundant well-rounded quartz up to 1.5 mm in 

diameter. 
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The Tantangara Formation is overlain with marked unconformity by the 

Peppercorn Formation (late Llandoverian to ?early Ludlovian), Pocket Formation 

('?late Llandoverian to ?early Ludlovian) and the Kellys Plain Volcanics (early 

Lochkovian) • 

Thickness 

The thiclmess of the Tantangara Formation cannot be accurately 
" 

estimated because of its poor exposure and the structural 'and stratigraphic 

complexity of .its outcrop. The type section exposes about 1000 m of 

sediments, and so gives a lower limit to estimates. . The total thickness of 

the unit may be 1500 to 2000 m. 

D. L. Strusz ( BMR) has confirmed the Si1 urian age of a poorly 

preserved, fragmentary fauna collected from a coarse sl1bli thareni te just 

inside the tree line on the northern edge. of Nungar Plain (grid ref. 492299): 

I 
I' Most of the fraginents of tabulate corals, and many of the ~maller shell .. 
! 
.fragments cannot be identified. However a series of brachiopod fragments 

can be assigned with reasonable confidence to Eospirifer. This spiriferid 

is first known in the Llandoverian, is common throughout the Silurian, 

and persists into the Early Devonian in central Europe. 

'In addition, two specimens of a fasciculate species of Tryplasma are 

present. Although this genus appears in the Upper Ordovician, it is most 

common in the Silurian. 

'Also, one of the tabulate coral fragments can be fairly confidently 

assigned to Angopora, wh:..·!h first app,ears in the Silurian according to 

Hill & Stumm (1956, p. F464J'. 

Thus the fossil evidence indicates a Silurian or younger age for the ' 

Tantangara Formation. In the Nungar Creek valley, the strongly deformed 

Tantangara Formation is overlain unconformably by the more gently .f0lded 

Peppercorn Formation, which conodonts date as late Llandoverian; on this 

evidence the Tantangara Formation must be no younger than early Llandoverian. 



M76 

' The possibiljty that part of the Tant,qngara Formation l.S latest Ordovician 

cannot be dismi~sed, but supporting fossil evidence is unlikely to be 

forthcoming. 

COOLEMAN PLAINS GROUP 

Peppercorn Formation, Pocket Formation, Cooleman Limestone, 

and Blue Waterhole Formation 

The name Cooleman Plains Group is introduced to include the 

Peppe:rcorn Formation, Pocket Formation, Cooleman Limestone, and Blue Waterhole 

Formation, which together represent a shallo-w:·-marine sequence cropping out 

bet'I'Teen Tantangara Reservoir and Brindabella. In a previous account, Owen & 

others (1974b) did not formally describe these units, which- with the 
' ' 

exception of tee Peppercorn Formation - they included in their informally 

named· 1 Cooleman Plains sequence' • As a result of further mapping in 

BRINDABELLA and re-interpreting the Cooleman Plains area, we can now fully 

define the three units of the 1 Cooleman Plains sequencE.l 1
; demonstrate their 

close relation to the Peppercorn Formation; and define a group containing 

all four units. 

Previous work 

~he Reverend W.B. Clarke (1860), who was the first to refer to the 

geology of the area in which the Cooleman Plains Group crops out, rep~rted 

80 to 100 km2 of cavernous limestone, apparently metamorphosed by intrusive 

grani teB and porphyries, in the Cooleman Plains area. Leigh & Etheridge 

( 1894) reported on the caves and on several aspects. of the geology, used the 

name Cooleman Limestone for the first time, and distinguished it from a 

limestone (called Cave Limestone) underLain by calcareous shale at Cooleman 

Falls (grid ref. 542~64). 

No further investigations were made until Walpole (1952) ma?ped the 

area. He described the Cooleman Limestone in more detail but did not 

recognise the overlying siltstone and chert as a separate unit. 
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Staff of SMHA examined the area as part of a regional survey for the 

proposed Tantangara Reservoir. Newberry (1956) named the Pocket Beds near 

Pocket Saddle and in the upper Goodradigbee River valley. Stevens (1957, 

1958b) presented the most detailed geological map of the area. He identified 

four units, introducing the name Wilkinson Limestone for the liruestone 

cropping out downstream of the Cooleman Falls, and also recognised the 

existence of complex facies relations between the various units. 

Walpole (1964) and Best & others (1964) introduced a completely 

different nomenclature for the Silurian rocks of the area, but did not publish 

a written account of the units. The names they introduced are synonymous with 

names introduced by Stevens (1958b): the Marys Hill Beds and Mount Murray 

Branch Formation of Walpole and Best & others are equivalent respectively to 

the Blue Waterho le Bed B and Pocket Beds of Stevens. They also published the 

name Peppercorn Beds .for .the Silurian sediments on Long and Little Peppercorn 

Plains. 

Legg ( 1968) largely concurred with Stevens in his mapping of the 

area, but recognis~d the similarity of the Cooleman Limestone to the limestone 

near the top of the Pocket Beds, and further refined Stevens's ideas,of 

lateral facies relations. He also attempted to reconstruct the 

palaeogeography and depositional environment ofthe beds. 

Peppercorn For:.mation 

Nomenclature 

Walpole (1952, p.9) gave the name Peppercorn Group to a series of 

possibly middle Silurian sediments exposed on Long Plajn and around the 

head waters of Little Peppercorn Creek. He derived the name from Peppercorn 

Hill, a prominent hill at the north end of Long Plain, but designated no type 

locality. According to the Australian Stratigraphic Code the unit cannot be 

considered a group as it does not comprise two or more formations, and later 

workers called it the Peppercorn Beds. 
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The name Peppercorn Beds first appeared in published work in 1964 

on the s·.econd edition of the Canberra 1:250 000 geological map (Best & others, 

1964), and was mentioned briefly by Walpole (1964, p.38). The 1:250 000 map 

shows the Peppercorn Beds west of the Long Plain Fault occupying a large area 

comprising acid volcanics which we now identify with the Goobarragandra 

Volcanics rather than the Peppercorn Beds. Walpole apparently realised this 

difference, for he differentiated them in a sketch map (Walpole, 1964, 

fig. 11 ) • 

Previously Stevens (1958a) had described outcrops of Silurian chert, 

conglomerate, and sandstone in the Nungar Creek valley, but did not name them. 

The present work has shown that the outcrops described by Stevens are part 

of the Peppercorn Beds. 

Legg (1968) described the Peppercorn Beds from the Little Peppercorn 

Creek area, and Bein ( 1968) described them in the lower Nungar Creek valley 

and on Dairymans Plain. Bein .introduced the name Currango Beds for the Nungar 

Creek occurrence of the Peppercorn Beds because of the then existing 

uncertainty about correlating the Silurian rocks in Nungar Creek and the 

Peppercorn area. The name Currango beds, defined by Crook & others ( 1 9T3) , 'j_s 
considered a junior synonym of Peppercorn Beds and is not used here. 

The Brindabella Beds of Best & others (1964) are considered a synonym 

of the Peppercorn Beds. The lithology of the unit in the Brindabella valley 

is identical with the upper Fart of the Peppercorn Beds in Little Peppercorn 

Creek, and mapping has shown continuity between the two areas. 

Sufficient information is now available to describe the relations 

of the unit with other units in the two Sheet areas, and it is defined herein 

and given formational status. 

Derivation of name 

The Peppercorn Formation was named by Walpole from Peppercorn Hill, a 

prominent hi.ll capped by Tertiary basalt at the head of Long Plain. 
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Type section 

The type section, designated here, is in the valley of Little 

Peppercorn Creek. It starts about 250 m east of the creek crossing of an cld 

disused track from Little Peppercorn Plain to Little Peppercorn Hut 

(Fig. M12). From this point (grid ref. 482637) it extends northwest for about 

800 m to the base of the overlying Kellys Plain Volcanics (grid ref .479643) ~ 

The contact of the formation ui th the underlying Nine Mile Volcanics 

is not eX}~sed in the type section, but mapping in the area has shown it to 

be an unconformity. As the contact is traced northeastward, the Peppercorn 

Formation is found to rest on various units within the Nine Mile Volcanics. 

The basal unit within ihe Peppercorn Formation is a coarse sandstone bed about 

5 m thick, which contains reworked fragments of tuffaceous material from the 

underlying volcanics; this unit is not exposed in the type section, where it 

is present only as float. In the type section it is followed by 65 m of 

poorly bedded conglomerate which, being r9sistant to weathering, has formed 

good exposures along a ridge about 25 m high. The conglomerate is mainly 

composed of well-rounded chert pebbles up to 3 em in diameter, and has 

interbeds of coarse sandstone and pebbly sandstone, particularly towards the 

top. The beds appear to have a vertical dip, and strike 060°· 
The conglomerate passes gradually up through coarse to fine sandstone 

which is poorly exposed; this sandstone unit is about 25 m thick. It in turn 

passes gradually up into strongly cleaved brown siltstone which lacks obvious 

bedding and again :Ls poorly exposed. This rock type continues without 

interruption to the overlying Kellys Plain Volcanics. The thickness of the 

siltstone is uncertain because of the poor exposure ~nd lack of dip readings, 

but is thought to be more than 500 m. 

Distribution 

The Peppercorn Formation is widespread, extending from Nungar Creek 

in the south to Little Peppercorn Creek and the Brindabella valley in the 

north.. It crops out in several areas between the northern end of Long Plain -

from Cooinbil homestead north along the eastern slope of Peppercorn Hill -

and north of Little Peppercorn Creek in a series of faulted outcrops. 

Southeast of Cooinbil it is overlain by the Lower Devonian Kellys Plain 
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Volcanics, and forms only isolated inliers within the volcanics or small 

outcro:ps on their western boundary on Curr1:mgo and DairymHns Plains. 

Farther south, in the Nungar Creek valley, it crops out almost continuously 

from the mouth of Nungar Creek to the Nungar Creek Trail Crossing, and from 

there - as small isolated outliers - to the eastern slopes of Blackfellows 

Hill. It ex tends northeast from Little Pepperc~orn Creek in a narrow faulted 

belt about 4 km long, then disappears beneath the overlying Kellys 

Plain Volcanics, and re~ppears to the north in the Tinpot Creek valley, from 

where it extends north into the Brindabella valley. 

Lithology 

The lithology of the Peppercorn Formation is constant over a wide 

area. It consists of a basal chert conglomerate overlain by coarse sandstone 

becoming fine, which is commonly fossiliferous immediately above the 

conglomerate; fine sandstone, siltstone, and mudstone are interbedded higher 

in the succession. Fossiliferous limestone and calcareous shale crop out on 

Long Plain near Cooinbil. Locally the basal conglomerate is underlain by a 

medium to coarse subli thareni te up to 10 m thick, as in the type section and 

in the Nungar Creek valley. 

The basal chert conglomerate is the most distinctive part of the 

Peppercorn Formation. Wherever it crops out it forms prominent tors and 

rid~es, as in the lower Nungar Creek valley where outcrops are up to 10m 

high. The conglomerate is mostly formed of rounded to subangular chert and 

vein-quartz pebbles having a fairly high sphericity. The composition of the 

pebbles reflects ~o some extent the subjacent rock type: in addition to chert 

and vein-quartz, which always predominate, volcanic pebbles are present where 

the conglomerate overlies volcanic units in the Kiandra Group; and quartz 

arenite and sublitharenite pebbles are present where it overlies the 

Tantangara Formation. The size of the pebbles shows little variation from 

Little Peppercorn Creek to the lower Nungar Creek valley, whei.·e they range 

from 1 to 5 em diameter, but farther south the average size increases to about 

10 em, and some pebbles are up to 20 em diameter. The angularity of the 

pebbles also tends to increase towards the south. 

The matrix of the conglomerate consists of well-rounded sand ranging 

from very fine to ~ranule size. The sand-size material also occurs as small 

.::ross-bedderJ lenses within the conglomerate. 
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The thic lmess of the Gonglomera te varies over short distances. In 

places in the Little Peppercorn Creek a rea it is up to 70 m thick, though 

generally it is less than 25 m. South of Little Peppercorn Creek it is cut 

out completely by faulting, and when it reappears on Dairymans Plain it 

appears to be about 5 m thick, though the full extent may ue hidden beneath 

the Kellys Plain Volcanics. In the Nungar Creek valJ.Gy the thickness ranges 

from about 3 m in the north to about 30 m in the south. 

The conglomerate grades up into light brown sand::Jtone and sandy 

siltstone. Fossils are present at many localities i~ this siltstone, almost 

always within a few metres of the top of the conglomerate. Hare thin beds 

of conglomerate up to 50 em thick are interbedded with the silts tone ir:, the 

Long Plain area, anL1 show many of the characteristics of the main conglomerate 

unit, although the pebbles rarely exceed 2 em diameter. The sandy siltstone 

generally shows few sedimentary structures apart from minor lamination and 

small-scale cross-bedd i.ng; bioturba ~ion is present and probably accounts for 

the lack of structure, but in the Nungar Creek valley at grid reference 473396 

a bed about 80 em thick shows well-developed slump-structures (Fig. M13), 

Small lenses of limestone an~ calcareous shale are interbedded with 

sandy siltstone on Long Plain near Cooinbil. The limestone i3 partly 

recrystallised and sheared, generRlly light grey with pink patches, and 

cont::1ins crinoids, "'l'tn2toporoids, tabulate and rugose corals, and 

brachiopods (Hill, 1~~•). A small limestone lens is also exposed on Currango 

Plain at grid refer~~ce 507470. 

The sandy siltstone g~ades upwards into poorly l3minated and 

bioturbated meriium brown to da.:rk: grey fine sil tatone or mudstone which is 

moderately cleaved in the Pepp-:::rcor~'-Long Plain area and poorly exposed. This 

muds tone forms inliera in the Kellys Plain Volcanics on Currango Plain. 

Environment of deposition 

The Peppercorn Formation is considered to be a transgressiye unit 

representing a return of the sea after the major folding which affected the 

'i.•antangara Formation and older units. The basal conglomerate of the 

Peppercorn Formation formed in a high-eP.ergy environment, probably as a beach 

deposit; marine conditions are indica+.ed by fossils in a small sandy lens 
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Fig. M13. Slumped siltstone bed in the Peppercorn Formation on 
Nungar Greek at grid reference 473396. 

( GA/81 07) 
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nt the type locality. In the so~thP.rn part of the Nu·ngar Creek valley, clasts 

are fairly angular at some 1ocali ties, i . .1dica ting little reworking by wave 

action, and part of the conglomerate may have been deposited above sea level, 

probably as an all uvial fan. 

At all localities a vert:Lca:. transition upwards into sandstone, then 

sil te.tone, and finally mudstone indicates deepening water as the transgression 

progressed, and demonstra teJ in" verti<:al section the lateral facies changes 

commonly occurring Jn a shallow-m~rine· environment from a nearshore to 

offshore position. The rare limestone lenses, near Cooinbil and o:n the west 
! 

bank of Tantangara Reservoir, indicate that, even in the offshore environment, 

water depths were still shallow. 

Thickness 

The Peppercorn Formation is about 600 m. thick in its type section,; 

whereas upwards of 100() m of si.l·tstone and mudstone from the upper part of 

the unit are exposed in the lower Peppercorn Creek valley. 

Relations 

The Peppercorn Formation unconformably overlies the Kiandra Group 

in the Little .Peppercorn Creek'area and near Dairymans Plain, a.nd the 

Tantangara Formation in the Nuuga:..· Creek valley. The top of .the formation· 

passes up conformably and gradationally into the Blue Waterhole Fomation in 

the lower Peppercorn Creek area, and into the Cooleman Limestone on/the 

western edge of Cooleman Plain. The formation is unconformably ov.Brlaiv. by/ 

the Lower Devonian Kellys Plain Volcanics from Nu:ngar Creek north to 

Peppercorn Creek. 

Fossils and age 

Macrofossils are common in the Peppercorn Formation at many 

locali ti,3s. They are present in three different rock types. The 1ossils are 

most common in the sandy siltston.e immediately above, or more rarely within, 

the basal conglomerate, particularly in the Nungar Creek and Little Peppercorn 

Creek vallE.!ys r where they are~ preserved as moulds. Fossils are less abundant 

in the fine siltstone higher in the sequence, where they .are preserv/d an 

moulds, beth :Scattered through the rock and concentrated into part . .; ..:'ular beds~ 

They also occur 'in the ,\mestone lenses near Cooinbil. 
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Hill (1954) dasc~ibed. corals from the limestone near Cooinbil and 

identified Halysites sp. cf. australis, H· brevicatenatus sp. nov., Halysites 

sp. indet., Coe:!ites sf. seriatC'pora, and Diploepora sp. cf • .err_a;yj.; she 

reported a vlenlockian or Ludlovian age for this fauna. D. Strus£ ( BMR, 

personal communication 1974) came to a similar rather indefinite conclusion 

about a fauna collected in the Nungar Creek valley (at grid ref. 471411 ) ; he 

identified Jncrinurus cf. etheridgei, Rhizophyllum sp., and ?Nucleospira sp. 

More detailed work remains to be done on these faunas. 

The limestone near Cooinbil has yielded a rich conodont fauna, of 

which the main elements have been identified by Nicoll & Rexroad (1974). 

Significant species are Ambalodus galerus, Apsidognathus tubercalatus, 

Astrognathus cf. tetractis, Neospathognathodus pennatus, Ozarkodina gaertneri, 

Pterospathodus amorphognathoides, and Pygodus lyra. This fauna indicates a 

correlation with the Telychian Stage (late Llandoverian) of the Welsh 

Borderlands (Aldridge, 1972). 

The age of the Peppercorn Formation, at least near Cooinbil, is 

therefore late Llandoverian. The uppermost part of the formation may be early 

Ludlovian. 

Pocket Formation 

Nomenclature 

Newberry ( 1956) introduced the name Pocket· Beds for a sequence of 

quartzite, slate, phyllite, lenticular limestone, and tuff in the Pocket 

Saddle area, near the Goodrad.igbee River, and for ·about· 5 krn downstream in 

the Goodradigbee valley. Stevens (1958b) first published tc1e name~ The Mount 

Murray Branch Formation of Walpole ( 1964) and Best i& others ( 1964) is a junicr 

synonym of the Pocket Beds. The. unit .is now well enough known for formal 

naming and definition as the Pocket Formation. 
''it 

Derivation of name 

The unit derives its· n1'1me from Pocket Saddle, on the divide between 

Pocket Creek - which drains north into the Goodradi.gbee River - and 

Gurrangorambla Creek - which drains southwest intr; the Murrumbidgee River. 
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~ section 

The type section (Fig. M14, 1'able M6), designated here,'is along the 

Goodradigbee River. The base of the.section is taken where a ·Sill of 

Gurrangorambla Granophyre intrudes the Pocket Formation at grid reference 

553554, about 1.5 km above the junction of Cave Creek and the Goodrariigbee 

River. The top of the section, at the junctiori of the Pocket Formation and 

the Blue Waterhole Formation, is about 0.4 krn above the mouth of Cave Creek 

at grid reference 553t:563. The type section comprises about 750 m of exposed 

Pocket Formation in the bed of the Goodradigbee River, and shows the typical 

litho logy of the unit: clea1red mudstone with interbeds ·of impure limestone, 

and coarser beds·(some tuffaceous) near the base. Upstream of the granophyre 

sill, strata lower· in the formation are strongly cleaved and poorly exposed. 

Distribution 

'11he Pocket Formation . crops out in two areas sepa.ra ted by the 

intrusive· Gurrangorambla Granophyre and the extrusiv-e Kellys Piain Vo1 canics. · 

The northern area lies between Mount Black (grid ref.540550) to the west and 

Rolling Ground Ridge to the east, and is bounded in the ~orth by a prominen~ 

ridge immecUateiy south of Cave Creek; · southwards this area is bounded by the 

granophyre, of which a narrm-r sill. also· splits the area into two parts. The 

southern area in which the Pocket Formation crops out is an elongate faulted 

area, about 3"5 krn by 0.5 krn, trending north-south; its northern end occupies 

part of the Goodradigbee River valley, and its southern part crcps cut in the 

Pocket Creek valley. 

The topography reflects the soft, deeply weathered lithologies of 

much of the unit: both outcrop areas are the sites of deeply j_ncised 

tributaries of the Goodradigbee River, and waterfalls have .formed where 

granophyre sills cutting the Pocket Fomatior.. cross tht?- Goodradigbee River; 

the limestone lenses: however, may form ridges, (e.g., at grid ref. 569535) o 

Lithology. 

The Pocket Formation is mostly cleaved mudstone, with interbeds of 

impure limestone, and local thin sandy siltstone and tuffaceous beds. The 

mudstone is grey, weathering brown, and massive or with indistinct bedding; 
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TABLE M6. TYPE SECTION OF THE POCKET FORMATION 

unit 

Blue Wa terhole Formation 

Pocket Formation 

Gurrangorambla Gr~~nophyre 
I 

Lithology 

fine hard black chert 

brown shale 

impure limestone 

brown shale 

impure grey limestone,highly 

fossiliferous in places .• 

with thin shale interbeds· 

brown cleaved shale with 

a few coarser sandstone beds 

impure, highly cleaved grey 

li~nestone \. 

brown shale, highly cleaved, 

with rare coarser bsds 

coarse tnff 

brown shale 

medium-grained, lithic, 

slightly tuffaceous sand stone 

coarse hard tuff 

intrusive granophyre sill 

End of se•jtion 

Thicknesl:3 

75 

11 

11 5 

140 

11 5 

32 

140 

15 

24 

21 

15 

18 

/~· 
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it is commonly fos3iliferous and bioturbated. The cleavage becomes more 

pronounced southward and increasingly distorts the fossils, which - with the 

formation of slate in the south - are completely destroyed. 

Limestone lenses to 3 m thick are common, and some are up to 

140m thick. The limestone is invariably impure, grey, often highly 

fossiliferous, and comr~only has thin interbeds of shale. Its boundary with 

the mudstone may be sharp, but is generally gradational: either the mud 

content of the limestone.increases through calcareous mudstone to mudstone, 

or the interbeds of shale or.mudstone gradually become dominant. Stylolites 

are common in the limestone, and some beds have been completely recrystallised 

to medium-grained calcite in which the original textures are destroyed. Most 

of the unrecrystallised limestone has abundaht fossil ne'b:ris showing evidence 

of transportation, and has :.' fine micrite or spari~;e cement. Patches of 

pelletal limestone also occur. According to the term1~ology of Folk ( 1 968), 

--most of the limestone is biomicrite or biosparite; biopelspari te is uncommon 

and dark grey dismicrite is rare. Cleavage in_the liJ~estone is pronounced 

in the Pocket Creek area, where it has destroyed all evidence of original'· 

textures. 

A few thin, medium to fine quartz sandstone beds occur near the base 

of the unit near Pocket Saddle, but are deeply weathered; no trace of a basal 

conglomerate similar to that in the Peppercorn Formation is evident. 

Environment of deposition 

The Pocket Formation, like the Peppercorn Formation, is a marine 

transgressive unit deposited in relatively shallow water. Evidence for this 

is the abundance of marine fossils and the presence of limestone lenses rich 

in corals and stromatoporoids. Sedimentary structures are rare~ mainly as 

a result of intense bioturbation. In contrast to the Peppercorn Formation, 

the transgression of the sea over the area of the Pocket Formation may well 

have been rapid, since only thin coarser beds are presant at the base, and 

offshore silt and mud sedimentation was soon established.~ 

\ 
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Fossils and age 

Both the mudstone and limestone of the Pocket Formation are locally 

richly fossiliferous, though species diversity is commonly low. The fauna 

from the mudstone (from JJegg, 1968) includes the brachiopods Molongia elegans 

Mitchell, Atrypoidea angustans Mitchell & Dun, Howellella nucula Barrande, 

Atrypa spp., and Pholidostrophia aff. nitens Williams, and the trilobite 

Encrinurus cf. mitchelli Foerste. The limestone beds contain,a rich coral 

and stromatoporoid fauna including Heliolites daintreei Nicholson & Etheridge, 

Favosites gothlandicus Lamarck, Plasmopora heliolitoides Lindstrom, Phaulactis 

shearsbyi SUssmilch, Tryplasma lonsdalei Etheridge, and Pycnostylus dendroides 

Etheridge. The brachiopod Conchidium is present but rare. The few limestones 

sampled have so far yielded no diagnostic conodonts - only simple cone13 of 

little stratigraphic value. 

The macrofauna, all of it from beds high in the Pocket Formation,· 

is not sufficiently well known for an accurate age to be determined. It 

probably indicates a late Wenlockian age. Lithological correlation with the 

Peppercorn Formation suggests that the base of the Pocket Formation is of late 

Llandoverian age. 

Rela+. 1s ---· 

The Pocket Formation rusts unconformably on the Tantangara Formation 

in the Pocket Saddle area, and passes conformably up into the Blue Waterhole 

Formation :ilear Cave Creek. It is thought to paE>s laterally to the west into 

the Coo~.eman Limes tone and Peppercorn Fqrma tion. The relations between the 

Pocket Formation and the remainder of the Cooleman Plains Group is discussed 

in detail later. 

Thickness 

The thickness (If the Pocket Formation exposed ::.r1 the type section 

is 750 m. This is a minimum thickness for the unit as its base is not 

exposed there. The total thickness is more than 1000 m. 
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Cooleman Limestone 

Nomenclature 

The name Cooleman Limestone was first publish~d by Leigh & Etheridge 

(1894). Walpole (1952), Stevens (1957, 1958b), Legg (1968), and Palmer (1972) 

descrited the limestone, but none of them formally defined it. 

Stevens ( 1958b) introcluced the name Wilkinson Limestone for a 
(, 

limestone which overlies the Blue Waterhole Formation east of the Mount Black 

Fault, and suggested that it. was younger than the Cooleman Limestone. Our 

mapping has demonstrated that Stevens's Wilkinson Limestone does not overlie 

the Blue Waterhole Formation, but is a tongue of Cooleman Limestone within 

the Blue Waterhole Formation. The name Wilkinson Limestone is thus a junior 

synouym of the Coo1eman Limestone. Walpole ( 1964) and BeEtt & others ( 1964) 

used the name Wilkinson Limestone instead of Cooleman Limestone for the main 

mass of limestone on Cooleman Plain, but the name Coo1eman Limestone hRs 

priority. 

Del'"ivation of name 

Leigh & Etheridge probably derived the name from Cooleman Plain., 

Type section 

Previous workers have failed to designate any type or reference 

sectiGns in the Cooleman Limestone. We propose to designate the two measured 

sections described below as type and reference sections. 

The nominated type oection (Fig. M15, Table M7) exposes the upper 

250 m of the limestone. 1. starts at the base of a steep bluff on the western 

.side of Cave Creek, about 0.6 km upstream from the southern crossing of the 

:Blue \vaterr.0les Trail over Cave Creek (grid ref. 518560), and extends east 

( updip) along Cave Creek for abc.ut 150 m, before following a steep gully which 

enters 8ave Creek at a point where the creek swings sharply to the north. 

At the top of the gully the s~ction continues along a be~ring of 110° up 

to the conta-:!t between the limestone and the overlying Blue Wa b:!rhole 

Formation (grid ref. 522559). Exposures are virtually continuous from the 

start of the section to the top of the gully, but are sparse over the last 

150m of the section. 
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TABLE M7. TYPE SECTION OF THE COOLEMAN LIMESTONE 

Lithology Thickness 
I!!!I 

Blue Waterhole Formation thinly bedded siltstone 
?disconformit~· ------------------------------ ----------------------------------

Cooleman Limestone 

~oorly exposed massive. limestone 75 

thinly bedded (5-15 em.) dark grey 
limeston~ with irregular bedding 
~lanes, passing up into thicker 
(10-20 em) evenly bedded limestone 
with stylolites 41 

well-bedded light grey recrystall-
ised sparite limestone 5 

massive to poorly bedded (2 m) 
biomicrite limestone. Crinoids, 
corals, bryozoans, gastropods, 37 
molluscs, and brachiopods. 
Slumped blockA of Blue Waterhole 
Formation (cherty siltstone) to 2 m 
diameter, 10 m above base 

massive pale cream recrystallised 
limestone 

(not expossd) about 

poorly bedded (10-50 em) cream, 

11.5 

15 

partly recrystallised limestone; 7 
rare brachiopod~ and bivalves 

massive coarsely recrystallised 6 
limestone 

medium to thin-bedded (5-25 em), 
partly dolomitised limestone; 10 
poorly preserved fossils 

.!ream, highly fossiliferous 
(brachiopods) limestone bed 0.5 

white~ partly recrystallised 
limestone, sparsely fossiliferous 3.5 

poorly bedded to massive recrystallised 
limestone with rare large bivalves 38.5 
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The proposed reference se~tion (Fig. M16, Table M8) exposes about 

207 m of limestone considered to be stratigraphically lower in the Cooleman 

Limeotone than that in the type section, though the interval separating the 

two is unknown. It begins at the contact between the limestone and the 

intrusive Gurrangorambla Gr.1nophyre (grid ref. 514534) in a shallow (2-m deep) 

doline which receives the waters of a steam draining north f~om Gurrangorambla 

Range. The section trends at 020° from this doline ove~ a fairly flat plain 

on which exposures are scattered at first but beco:ne more common a'bout 150 , 

m from the doline. After 260 m, the section follows the west bank of a wide 

(50 m) shallow north-trending gully along which exposures are common for about 

170 m, until the gully joins Cave Creek south branch. The section continues 

northward beyond the alluvium of Cave Creek south branch for a short distance 

until the limestone is covered by solifluction ~eposits derived from the 

Rolling Grounds Latite, which crops out on the low hill to the north (end of 

section at grid ref. 517540). 

Distribution 

The Cooleman Limestone crops out over an area of 21 km2 in the 

Cooleman Plain, lower Cave Creek, Goodradigbee River, and Peppercorn Creek 

areas; a further 1 km2 is thinly covered by ?Tertiary ferruginous gravels. 

This is far less than the 80 to 100 km2 of limestone that Clarke (1860) 

reported. 

The main area of outcrop of the Cooleman Limestone is on the southern 

part of Cooleman Plain, in a lunate band from Harris Hut (grid ref. 483557) 

to north of Blue Waterholes, and has a maximum width in the centre of about 

3 km. It is bounded to the south and east by the intrusives of the 

Gurrangorambla Range and Mount Black, and to the! north by the Blue Waterhole 

Formation and the Mountain Creek Volcanics. Outliers of Rolling Grounds 

Latite overlie the limestone on the plain, where they seem to be present as 

breccias filling depressions formed by the solution of the underlying 

limestone. 

The second main area of the Cooleman Limestone is in the northern 

part of Ccoleman Plain north and west of Coolamine homestead, where it crops 

out in a roughly triangular area with a narrow extension to the so1.1thwest. 

It is separated from the main area to the south by the east-west :r·~dge of the 

Blue Waterhole Formation immediately south of Coolami.n.e homestead. 
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TABL~ M8~ REFERENCF SECTION OF THE COOLEMAN LIMESTONE 

Unit 

Cooleman Limestone 

·.·. ,. 

Lithology 

Coll.uvium from unconformably overlying 
Rolling Grounds Latite 

sparry biomicrite partly replaced by 
dolomite 

sparry dolomite with small areas 
of micrite limestone 

well-bedded (15-40 em) moderately to 
very fossiliferous grey biomicrite 
(brachiopods, bivalves, stromatoporoids) 

(not exposed across alluvium, Cave 
Creelc south branch) 

well- bedded ( 15-40 em) moderately to 
very fossiliferous grey biomicrite 
(brachiopods, bivalves, gastropods, 
nautiloids, stromatoporoids, rare 
corals). Some minor dolomitisation 
in upper part, minor pelletal sparite 

(gradual transition) 

dispontinuous outcrops 
thiuk-bedded dark grey 
partly recrystallised; 

· . mainly brachiopods 

(not exposed) 

of massive to 
limestone, 
rare fossils, 

massive grey fossiliferous limestone 
(brachiopods, bivalves, crinoids, corals) 

base of sc;ction 
( Gur?rangorambla Granophyre) 

Thickness 
liL 

2 

5 

5 

5 

70 

70 

40 

10 
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Further limestone 5s present in an elongate belt extending first e1st 

along the lower Cave Creek valley to its junction with the Goodradigbee River, 

and then (in a faulted zone) north along the west side of the· Goodradigbee 

valley as far as Dunns Flat (grid ref. 565625). 
The limestone also crops out at two }laces in the Peppercorn Creek 

valley: one (at grid ref. 540669) is a roof pendant in an intrusion of the 

Coolamine Igneous Complex ; the other (at grid ref.· 517630) is in the Blue 

Waterhole Format:Lon. 

The Cooleman Limestone exhibits ma:r..:y features typical of karst 

lane .3capes. Dolines are widespread on tbe sout,hern pa:-t of Coo] eman Plain, 

and have been formed by both solution and col1apse. So~ution ru11ne).s · 

( rillenkarren) are minor solution features. Many streamf:5 draining from the 

surround inc ranges flow· undergrcund as soon as they reach the limestone y .and 

dry blind valleys and small caves ar ... ~ common. All the underground drainage of 

the area finally 'resurges at Blue Wa terholes, a group of large risings which 

form the pemanenf·. source of Cave Creek (Jennings, 1974). Above Blue 

Waterholes the creek flows, only after very heav)r rain. 

Li tholof.~L 

Although the Cooleman Limestone comprises several different r0ck 

types, extensive recrystallisation has hindered attempts to map their 

distribution. In general, the UDi t consists of light grey massi?e to thickly 

bedded limes tone, though in places it is moderately thinly bedded. Fossils 

are mostly sparse and may Le ·comple-tely lacking where recrystalli.sation has 

reached an advanced stage; however, some beds, generally of smP.ll lateral 

extent_, are richly fossiliferous (Fig. M1'7). 

The bulk of the unit is form~'d by a partly recrystallised massive 

·to thickly bedded ( 2 m) , light to medium grey limestone w:i. th few or no 

fossils. In thin section, calcite c.rystals are common:y of tvro sizes.. The 
I 

larger comprises sparr.,: ca] cite crystals of 2 to 4 ram, commonlJ with concave 
. I 

boundaries; the smaller is a finer sparry calcite (0.4 mm) or micrite 

groundmass. Variation between samples is usual+.Y limited to th·~ degree to · 
r· 

which the larger sparry calcite has replc:ced the finer calcite, and to th~ 

ro:re occurrence of re0rystallised fossil fragments. 
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;-: ... 

rhis :!?Clrtly or completely recrystallised limestone in places grades 

both laterally and vertically into a mndium grey, thickly bedded, moderately 

fossiliferous limestone showing relatively few signs of recrystallisation. 

Thin sections commonly show a very fine-grained (0.05 mm) calcite groundmass 

and a large proporticn of biogenic fragments up to several millimetrec .• 

Fossils, which are seldom complete, include crinoid columnals, corals, 

bryozoans, gastropods, bivalves, brachiopods, and possible ostracods. Much 

of the lower half of the reference section is formed by this moderately 

fossiliferous limestone. 

H:i.ghly fossiliferous limestone results from an increase in the 

proportion of fossil fragments rather than a decrease in the degree of 

recrystallisa tion u Although it comprises mainly biogenic fragments, it has 

a similar range of fossils and textures to that in the less fossiliferous 

limestone. Both the moderately and highly fossiliferous limestone beds show 

abundant evi• lence of bioturbation, and many fossils are wor~ and. broken. · Many 

fossiliferouB limestone beds also contain pellets 0. 3 mm to 4.0 nun in. 

diameter, ger1.erally formed of micritic ca.lci te. Stylolites ,are ubiquitous. 

This fossiliferous limestone is a biopelspari te or biopelmicri te, depending 

on the nature of the cementing matrix of the rock. 

Crinoidal limestone is present in places in the upper part.of the 

Cave Creek gorge. It is a light grey limestone containing crinoid ossicles 

and columnals in a coarse sparry calcite matrix. Unlike the previously 

described fossiliferous limestone, abrasion of the c.rihoid fragments is 

minimal. 

The Cooleman Limestone in the upper part of the type section, in the 

gorge upstream of Blue Waterholes, is unusual.in that it c0ntains a sequence 

of dark grey well- bedded limestone about 40 m thick (Table M7). At the base 

of this sequence the bedding surfaces are uneyen and 5 to 15 em apart~ 

higher, the bedding surfaces gradually becon:.e flat and are· 10 to 20 em apart. 

Stylolites are eommon, and fossils rare. In thin--section, the limestone is 

partly recrystallised, and commonly comprises about 60% spari te apparently 

derived from a mi0rite groundmass. Recrystallisation has almost destroyed 

the rare fossil fragments. 
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Much of the limestone near Harris Hut (grid ref. 483557) is formed 

by massive to thickly bedded, ccarse:-grained cream sparite which has resulted 

from complete recrystallisation of the limestone. 

Dolomitisation of the limestone in variou~ degrees of intensity is 

fairly widespread. It has mostly taken place along major joints, anp is 

unusual for the sharp boundary between the dolomite and the surrounding 

unaltered limestone. 'rhe combiri~tion of joint-controlled dolomitisation and 

sbarp contacts with the unaltered limestone creates the superficial field 

appearance of dykes of dolomite intruding the limestone. Several of these 

dolomite 'dykes' are shown in Figure M16. Dolomi tisation away from joints 

is patchy, but appears to be (;On trolled t~ some extent by original litho logy; 

however, no detailec, study was ma.de of this factor. 

Unlike the main mass of Cooleman Limestone, the limestone east of 

Mount Black Fault, formerly called the Wilkinson Limestone, conta~.ns near its 

base thin cherty beds which reflect a. gradual transition from the underlying 

cherty Blue Waterhole Formation (Fig • .r-'118). The chert .beds highlight 

penecontemporaneous slump-stru~tures near Cooleman Falls (grid ref. 541563). 

The intrusion of the'Jackson Granite has highly recrystallised almost all the 

adjacent Cooleman Limes tone, which as [1 re.sul t has a sugary texture, and in 

parts of the Goodradigbee valley a strong cleavage is develoJ.ede Fossils are 

consequently rare and poorly preserved. 

Fossils ani age 

In spite of the widespread recrystallisation of the C6oleman 

Limestone, fossils are abundant and fairly well preserved in places. 

Brachiopods dominate the fauna, though r.oral s, stromatoporoids, gastropods, 

b:i.valves, crinoids, bryozoans, and ostracods also cccur ~ trilobites have not 

be~n recorded. Among the corals recorded by Legg (1968) are Favosites 

£9thlandicus Lamarck, Heliolites daintreei Nicholson & Etheridge, 

Paras tria topora SJi., Phaulactis shearsb;yl_ Sussmilch, _Tryplasma lonsdalei 

Etheridge, Pycnostyltis sp., and Actinostroma sp. The brachiopods include 

Kirkidium sp. and ?Pentamerus. A large (100-mm wide) thick-walled unidentified 

bivalve is distinctive at some levels, and algal balls (oncolites) are also 

present. The age of this fauna is late Wenlockian to Ludlovian. 
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Fig. M17. Fossiliferous Cooleman Limestone in the reference section 
on Cooleman Plain. 

Fig. 1-118. 

(GB/1835) 

Transitional contact between cherty Blue Waterhole Fonna
tion (below) and the Cooleman Limestone (abov~at Cave 
Creek Falls, grid reference 542564. About 20 m of the 
cliff face is shown in the photograph. 

( GA/80'39) 
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At grid reference 495569 (locality A in Fig. M19), allochthonous 

blocks of li.mestone that have slumped from the Cooleman Limestone into the 

Blue lvaterl1~ile For-mation (see und•3r Li tholog;y, Blue Waterhole Formation) have 

yielded an abu1.1dant conodont fauna, l'ir1ich inc:!. udes (in sample 3054A) 

Spathognathodus remscheidensis, s. inclinatus, Ozarkodina media, 0. typica, and 

N eoprioniodus mul tiformis. This f.'auua indicates a Ludlovian to Pridolian age. 

A similar though less abundant fauna has been obtained from the top of the 

Cooleman Limestone at Mount Black mine. 

Thickness 

The total thickness of. the :oolem.:m Limestone cannot be estimated 

with certainty because its .detailed struct'l~e is not fully understood. The 

two measured sections together total 457 m, and m.lly be separated by up to 200 

m of limestone, which would give a thickness approaching 650 m. However, 2. 5 

km north of Harris Hut the 11id th of outcrop of the limestone rapidl~r decreases 

to less than 100 m between the underlying Peppercorn Formation and the 

overlying Blue Waterhol'3 Formation, and its thi.clmess is only about 70 m. 

Relations 

The possible relations between units in the Cooleman Plains Group 

are discussed later and shown in Figure M21. · 

Environment of depositon 

Because the Cooleman Limestone is extensively recrystallised, and 

little detailed petrographic work has been done on it, the depositional 

environment of the unit is difficult to interpret. In a unit as thick and 

extensive as the Cooleman Limestone some variation in enviror~ents is likely. 

The bulk of it appears to have been a micritic mud with relatively few 

fossils, but locally shell banks must have developed to produce the patches 

of richly fossiliferous limestone. Corals are relatively rare, so extensive 

coral ree~s are . unlikely to have been present. Similarly, stroma tali tic 

structures are unknown, so the depositional environment was probably below 

the intertidal zone. Any suggested environment must also account for the 

absence of detrital terrigenous material while surrounding areas received an· 

abundance of such sediment. We consider that the Cooleman Limestone was 
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deposited in a subtidal envirorunent on a shallow offshore platform rising 

above a region of somewhat deeper water in which fine terrigenous sediment 

accumulated (Blue Waterhole Formation). 

Nomenclature 

The name Blue Waterhole Beds was fi~st published by Stevens (1958b), 

who had previously introduced it in an unpublished SMHA :·•eport (Stevens, 

i957). In his unpublished report Stevens also introduced the name Harris Beds 

for a series of clastic sediments overlying the Cooleman Limestone south of 
Coolamine homestead,· but in his later paper he included this unit in the Blue 

Waterhole Beds - a move with which we concur. 

Best & others (1964) introduced the name ~rys Hill Beds for 

essentially the same beds that Stevens had called Harris Beds. A>3 we follow 

the prior terminology published by Stevens ( 1958b), the Marys HiU. Beds are 

considered a junior synon;ym of the Blue Waterhole Beds. ·Sufficient 

information is now available to fOrmalise the name to Blue Waterhole 
. I 

Formation. 

Derivation of name· 

The Blue waterhole Formation is named from Blue Waterholes (grid ref. 

524563), a series of springs forming the perennial rising of Cave Creek. 

Type section 

S·~evens designated neither type nor reference section for his Blue 

Waterhole Beds. We t:1erefore propose to designate a section on Cave Creek 

as the type section • 

. The section commences at the unexposed boundary between the Blue 

Wa terhole Formation and the under:t.ying CooJeman Limestone at grid reference 

501557, and follows Cave Creek northward to a point on the hillside (grid ref. 

500562) north of where Cave Creek swings sharply i'Test (Fig. M19). 
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;•' TABLE M9. TYPE SECTION OF THE BLUE WATERHOLE FORMATION 

Unit 

Blue 

Waterhole 

Formation 

Lithology 

colluvium fr0m unconformably overlying . 

Rolling Grounds Latite 

grey mudP.to'ne, thinly bedded, with 
,'••.' 

some siltstone and minor chert 

sandstone and sandy siltstone inbeds 

5-15 em thick, minor mudstone; 

aliochthonous limestone blocks to 

25 em diameter ne·ar base 

finely banded siltstone, in beds 

5-10 ~ thick, with int~rbeds of dark 

grey mudstone in beds 10-25 em 

thick; E:~hows .conchoidal fi·acture 

(no exposure) 

as above 

(no exposure) 

weathered brovm siltstone 

(no exposure) 

?unconformity ______ _ 

Cooleman Limestone' massive limestone 

I 

Thickness (im) 
·., __________ _ 

40 

10 

10 

10 

34 

50 

3 

?·0 
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Much of the lower part of the section, including the contact with 

the CooJeman Limestone, is not exposed, but the upp~r part is almost 

continuously exposeG (Table M9). Most of the section contains finely banded 

siltstone to fine sandstone beds, 5 to 10 em thick, rhythmically interbedded 

with massive, conchoidally fracturing dark grey mudstone in beds 10 to 25 em 

thick. Variation in the section is mainly in the proportions of siltstone or 

sandstone to mudstone. Thin chert beds start to appea~ near the top of the 

section, and allochthonous blocks of limes tone, up to 25. em diameter, occupy a 

sequence showing slump structures about 140 o above the base. 

Distribution 

The Blue Waterhole Fonr.ation crops out in four main areas: the 

Coolamine/north Cooleman Plaln area; the Blue Waterholes area; the lower 

Cave Creek/Goodradigbee River valley/Koorabri area; and the Peppercprn .Creek 

area. Altogether the Blue Waterhole Formation occupies an area oL about 

20 km2. 

Lithology 

The lithology of the Blue Waterhole Formation shows considerable 
' 

variation between the different areas of exp')sitre; it is mainly fine 

sandstone and mudstone in the west, and chert. in the east. We hav8 describe'd 

the litho+o~ies in each of the main areas separately. 

Coolamine/north Cooleman PlaJ.n area. 1he Blue \vaterhole Formation 

in the area south of Coolamine homestead comprises mainly rhythmically bedded 

siltstone or fine sandstone, and mudstone. The siltstone, generally in beds 

5-10 em thick, is composed of subangular quartz-gr~ins, minor chlnrite, 

epidote, and opaque minerals in a clay matrix; so:cting is moderate and most, 

of the rock is best considered as a muddy siltstone. Slightly coarse~-grained 

varieties are fine sand stone, which is similar :Ln composition to the siltstone 

except that it contains rare rock fragment~. The siltstone is finely 

laminated and small-scale cross-bedding is present. 

The mudstone is generally unbedded, probably ')Wing to bioturbation, 

though indistinct light and dark grey bands may be visible. The mudstone 

forms beds 10 to 50 em thick and breaks with a conchoidal fracture. Mud

cracks are evident on the upper surface of some beds near the base of the 

succession (e.g., at grid ref. 490570). 
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The basal Blue Wa terhole Formation near Cliff Cave (grid ref .491559, 

locality B in Fig. M19) is a dark brown micaceous siltstone weathering to 

light brown, which appears to have been deposited on an irregular surface 

developed on the Cooleman Limestone. It appears to be at least 40 m thick, 

and passes up into typical mudstone and siltstone. 

Thin beds (5-15 em) of dark blue-grey chert in the upper part of the 

sequence are interbedded with generally hard dark grey siltstone. Above this, 

hard fine-grained micaceous sandstone containing small amounts of rock 

fragments ·apparently forms the uppermost beds i.n the a::-ea south of Coolamine. 

A distinct zone of slumping along Cave Cr.eek extends from the type 

section no1·th-northwest for 900 m as far as a sharp U-bend in the creek 

(locality A in Fige M19). This zone is about 140m above the base of the Blue 

Water hole Formation in the type section. Bedding is extremely contorted¥ 

Numerous allochthonous blocks of limestone ranging from less than 5 em to 

several metre~ highlight the zone. The limestone blocks become more common 

towards the no~ ~J.1-northwest, and reach their greatest development at locality 

A in Figure ~119 (grid ref. 496569). They appear to have been li thified before 

the slumping took place. We consider that they are derived from the Cooleman 

Limestone, which they resemble, and with 1,rhich they share a similar conodont 

fauna. They indicate that the Cooleman Limestone was exposed in the Cave 

Creek area while the Blue Waterhole Formation was accumulating. 

A poorly exposed sequence of the Blue Waterhole Formation on the 

northern edge of Cooleman Plain is similar to the main part of the succession 

described above, except that fine sandstone appears to predominate over 

mudstone. 

Blue Waterholes area. The Blue Waterhole Formation in the Blue 

Waterholes area appears to be transitional in lithology between the mudstone 

and siltstone in the west, and the chert which predominates in the east. In 

the Mount Black mine area (grid ref. 522557), soft brown micaceous siltstone 

in beds averaging 15 to 20 em thick forms the base of the Blue Waterhole 

Fo~Jation, and appears to lie unconformably on the Cooleman Limestone, though 

the evidence is ambiguous. The micaceous siltstone passes up into a dark grey 

to black fine siliceous siltstone in the area immediately east of Spencers 

Hut (grid ref. 523555). The siliceous siltstone, which contains abundant 
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fossils preserved as moulds, rests directly on the Cooleman Limestone above 

Clarkes Gorge (grid ref. 529563, Fig. M20), where it appears to have been 

deposited on an irregular surface deve:loped on and in fissures within the 

Cooleman Limestone. The micaceous siltstone apparently lenses out between 

Spencers Hut and Clarkes Gorge. Towards Mount Black from Spencers l{ut the 

siliceous siltstone is overlain by. a fine-grained quartzite 1vhich has been 

intruded by several sills of the Gurrangorambla Granophyre. 

Lower Cave Creek/Goodradigbee River valley/Koorabri area. East of 

the Mount Black Fault, in the lower valley of Cave Creek and extending 

downstream along the. Goodradigbee River as far as Dunns Flat (grid ref. 

563634), the Blue Waterhole Formation is formed of bedded black chert 

containing dis semina ted pyrite, and a dark siliceous fossiliferous siltstone, 

in places calcareous, similar to that near Spencers Hut. Limestone lenses 

are also present. The Blue Waterhole Formation in this area rests directly 

on the Pocket Formation with apparent conformity, and passes upwards in to a 

limestone unit that Stevens named the Wilkinson LimesJ~one, which we consider 

to be part of the Cooleman Limestone. Farther downstream on the Goodradigbee 

River, rocks of the Blue Waterhole Formation are exposed both above and below 

the Cooleman Limestone, which lenses out into cherts near Dunns Flat. 
' 1 

·similar chert rocks with limeston13 lenses crop out farther 

downstream, around Koorabri homestead. XRD mineralogical studies show that 

the chert contains zeolites - principally laumontite -which may be locally 

abundant .. 

Pep£ercorn Creek area. In this area the Blue Waterhole Formation · 

crops out in a north-northeast-trending elongate belt,,about 1.5 km wide 1 from 

northwest of Mount Jackson in the Peppercorn Creek valley to the junction of 

Peppercorn Creek and the Goodradigbee River. At the southern end of this belt 

the Bl uc Waterhole Formation consists of well-bedded siliceous siltstone, fine 

sandst( _,, and mudstone, with a few interbedded lenses of limestone at grid 

reference 518632. Farther north these give way to poorly bedded brown 

micaceous siltstone and lithic sandstone, apparently above the rocks farther 

south. At the northern end of this belt the rocks are similar in appearance 

to the Blue vlaterhole Formatiou in the Goodradigbee valley: black siliceous 

siltstone in beds 1 to 3 em thick are interbedded with cream chert in beds 

2 to 3 em thick. This chert-siliceous siltstone sequence appears to be older ~ 
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Fig¥ M20. Cherty facies of the Blue Waterhole Fonnation above 
Clarkes Gorge, grid reference 529563. 

(GA/8028) 
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than the succession in the central part of the belt, and contains limestone 

lenses, and is prssumably a reappearance of the succession at the southern 

end of the belt • 

Sl urn ping is a feature of the cherty facies of the Blue Waterhole 

Fornw.tion, and is well exposed at many places in the bed of the lower part 

of Peppercorn Creek, and in parts of the Goodradigbee River about 2 km above 

Dunns Flat. 

Fossils and ~ 

Tile fauna of the Blue Waterhole Formation is extensive, though mostly 

poorly preserved. Fussils are generally present in the siliceous sil trJtone, 

and are ebpecially common in the lower Cave Creek valley. Among the 

macrofossils identified by Legg (1968) are Helioli tes daintreei Nicholson & 

Etheridge, Favosites gothlandicus Lamarck, Plasmopora heliolitoides Lindstrorn, 

Alveoli tes sp., Muco2_h;yllum sp., Entelophyllum sp., Tryplasma lonsdalei 

Etheridge, Mazaphyl~ sp., Rhizophyllum sp., atrypoid brachiopods, Encrinurus 

sp. cf. mi tchelli Foerste, Calymene sp., atld crinoid plates. 

No conndonts have been obtained from the Blue Waterhole Formation, 

though an abundant fa1ma (listed ab(v···e - see under Fossils and age, Cool~ 

Limestone) has been collected from the allochthonous blocks of Cooleman 

Limestone at locality A in Figure M19. That fauna indicates a Ludlovian to 

Pridolian age, so the Blue Wa terhole Formation at this locality can be no 

older• 

Thickness 

'.Che Blue W3. terhole Fonnation is estimated to be 600 m thick in the 

area south of Coolamine. Farther east it is about 70 m thick where it 

overlies the Pocket ]'orrr.ation, but thickens northwards to at least 500 m near 

Dunn::: Flat. At least 500 m of the Blue Waterhole Formation is exp'Jsed in the 

lower Peppercorn Creek valley, though the true thickness in this area is 

unknown as the unit is overiain unconformably by the Mountain Creek Volcanics 

to the east. 
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Environment of deposition 

The Blue WaterhoJ.e Formation is tho~,ght to have been. deposited in 

r·ather d8eper water than the Cooleman JJimestone, in basins surroundirig the 

shoals on which the limestone formed. Sedimentar;r structm:es are rare, 

probably owing to bioturbation, so little can be said in detail about the 
. . . 

environment. Towards the east, in the lower Cave Creek valley, fossils -

including large tabulate corals in their position ~of growth - a1~e now largely 

preserved as moulds in a siliceous sil tston,e; the roc}:: is thought to have 

been a calcareous siltstone deposited ~in ~ather shallower wate'f" 1than the 
. ' -· ~-

remainder of the Blue Waterhole Fvrrnation, and later silicified, mosJ; probably 

during intrusion of the Jackson Granite~· 

Relations in the Cooleman Plains Group 

Several factors obscure the relations (between the Peppercorn 

Formation, Pocket Formation, Cooleman LiMes ton~, and Blue W~terhole Formation. 

These include the complex structure of' the area: the intrusion and ex· crus ion 

of igneous rocks which conceal critical fireas; . the lack of good ~alae on tolo-. 

gical control in all except ·the Pepperco~ Fc.:.:'laa ticn; and the complex facies 

variations thought to be present. 

Before attempting to discuss the possible relations between the · 

various units (shown i~Fig. M21), we have first summarised the reliable data 

from Which any conclusions are to be drawn. 

~·he Peppercorn Formation forms a transgressive unit, following a .mid

Llandoverian orogenic episode. It has a. basal conglomerate which grades tip 

through sandstone into a thick sequence of 'si1 tstone and mudstone .. 

Macrofossils are common immediately abov:~ ·the conglomerate, but provide little 
' 

useful stratigraphic information. ; Limestone leuses in the upper· part of the 

Peppercorn Formation near Cooinbil and '!'antangara Reservoir have. yielded an 

abundant late Llandoverian condont fauna •. The contact between the Peppercorn 

Formation and the Cooleman Limestone appears to be gradational on the west i. 
. . 

side of Couleman Plain, but in ·the l,ower Peppercorn Creek Valley the 

Pep'percorn .,Formation passes dire~ tly up in to th~ Blue Wa terhole Fo~'t1la tion. !: 
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The Pocket Formation has yet to be dated accurately, though a broad. 

similarity between the macrofaunas from the Pocket Formation and Cooleman 

Limestone indicates that the two may be close in age. The base of the Pocket 

Formation is an unconfonnity resting on the lower Llandoverian Tantangara 

Formation; the top of the unit passes conformably into the Blue Waterhole 

Formation. The siltstone and mudstone that form the bulk of the Pocket 

Formation are similar lithologically to those in the upper part of the 

Peppercorn Formation, and the limestone lenses in the Pocket Formation are 

similar to parts of the Cooleman Lirtiestone. 

Fossils, including conodonts, indicate that the CoolemB:n- Limestone 

ranges from at least late Wenlockian to probably late Ludlovian or Pridolian, 

though much more work on the microfauna is needed befcre the limits .are 

properly known as all the faunas so ,far found are from ·the upper part of the 

limestone. The base is conformable on the Peppercorn Fonnation west of 

Cooleman Plain, and the top appears to be marked by a disconformity. At 

several localities, including Cliff Cave (locality Bin Fig. M19) and grid 

reference 508562, the basal micaceous siltstone of the Blue Waterhole 

Fonnati.on appears to have been deposited on an irregular surface of the 

Cooleman Limestone. At grid reference 530561, on the southern edge of Clarkes 

Gorge, a karst surface appears to have developed on the Cooleman Limestone 

before the basal Blue Waterhole Formation was deposited; siliceous· silts-Gone 

of the Blue Waterhole Formation fills fissures up to 5 m deep and 25 em wide 

in the limestone. However, the tongue of Cooleman Limestone east of the Mount ' 

Black Fault (formerly the Wilkinson I.imestone). is both underlain and overlain 

conformably by the chert facies of the Bl u,e Waterhole Formation. 

·The Blue Waterhole Formation has not been d'irectly dated by 

conodonts. However, the unit both overlies and underlies the Cooleman. 
I 

Limestone east of the Mount Black Fault; overlies limestone dated as 

Ludlovian to Pridolian near Mount Black mine; and contains slumped blocks o." 

limestone which have yielded a similar conodont fauna along Cave Creek north 

of Harris Dam (Fig. M19). It rests conformably on the Poc:Ke'!: Formation in 
I; 

the east, and disconformably on the Cooleman Limestone in the west, whereas 

the tongue of Cooleman Limestone to the east is conformable within the Blue 

Waterhole Formation. The top of the unit is either faulted orunconfomably 

overlain by younger volcanics. Evidence from the lower Peppercorn Creek area 

suggests that the chert facies of the Blue Waterhole Formation may be older 

than the sil tstcme-mudstone facies. 
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The Cooleman Limestone and Pocket Formation are considered to be in 

part lateral equivalents, though the lower part of the Pocket Formation is 

probably older than the Cooleman Limestone. Evidence for this is that both 

are overlain by the Blue Waterh~le Formation, the Pocket Formation conformably 

and the Cooleman I,,imestone disconformably (though probably with no, great time . 

interval), and the larger limestone lenses in the Pocket Formation resemble 

limestone in the r.ooleman Limestone. 

The Blue Wate;~hole' Formation is in paJ.>t laterally equivalent to the 

upper part of the Cooleman Limestone as it both overlies and underlies 

conformably the limestone tongue east of the Mount Black Fault a However, the 

siltstone-mudF~tone facies in the west overlies the Cooleman Limestone 

disconformably. 

The history of the area from the late Llandoverian through to the 

Pridolian may now be summarised~ After the mid-Llandoverian orogenic episode 

the sea transgressed the area (basal conglomerate of the Peppercorn Formation) 

and sedimentation rapidly changed to fine clastic and locally carbonate 

deposition. An increase in carbonate sedimentation in the west led to the 

deposition of the Cooleman Limestone, perhaps commen~ing early'·in the 

Wenlockian, while farther east and to the no-rth fine. clastic sedimentation 

continued with the formation of sparse limestone lenses which become more 

numerous upwards. In tl1e early Ludlovian, calcareous muds (l~ter' altered to 

chert) were deposited conformably on the Pocket Formation in the east, while 

limestone was still accumulating in the west. Soon after, the mud ' 

sedimentation in the east was interrupted by the deposition of a limestone 

tongue ex tending northeast from the main mass of Cooleman Limestone. Shortly 

thereafter, carbonate deposition over the whole area ceased, probably in the 

early Pridolian. After temporary emergence of the limestone'in the west, 

during continuous mud sedimentation in the east, a thick sequence of siltstone 
/' 

and mudstone, the final lmown marine deposits, covered the area. The age/ of 

these youngest sediments is unknown, tut cannot be later than Pridolian a,s 

the whole sequence was folded during the Bowning orogeny, dated as- earlie:3t 

Devonian in the Yass Basin (Link, 1970). 
I 
!' 
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Tidbinbilla Quartzite 

Nomenclature 

Noakes (1946) introduced the name Tidbinbilla. Quartzite for a 

sequence of gently dipping quartzite with minor shale on the eastern side of 

the Cotter valley, around the subsequent site of Bendora Dam. He named the 
I· 

unit after Tidbinbilla Mountain, but designated no type section. He assumed 
1"'., ~-

the unit to be of Late Siluria'IJ. or Devonian age. 

·our mapping has shown that the extent of the Tidbinbilla Quartzite 
.·' 

is much less than that shown by Noakes ( 1946) md Be.Jt & others ( 1964): it 

has a restricted area of outcrop between Bendora Dam and Tidbinbilla Mountain, 

with small outliers in the upper Cotter valley to the south and on the Two 

Sticks Road to the north. · .. Previous workers have failed to recognise the 

presence in the area of gently dipping graptolite-bearing Ordovician rocks, 

. upon which the unit rests with only slight uncordormi ty. 

Derivation of name 

The unit is named after Tidbinbilla Mountain (grid ref. 693757, 

BRINDABELLA). 

Type section 

We have proposed as the type section (Table M10) about 130 m of the 

Tidbinbilla Quartzite exposed in a southerly draining gully about 300 m·west

southwest from the ~ummit of Tidbinbilla Mountain. The section commences at 

the boundary of the Tidbinbilla Quartzite with the underlying Ordovician 

Adamina by beds (at grid ref. 690756): although the contact is not expo:3ed·, 

its position can be estimated to within a metre .• 

The type section is in rugged country with thick scrub; a more 

ar.cessible locality to. examine the Tidbinbilla Qua1~tzite is at Bendora Dam 

(grid ref. 658757) , where rnassi ve quartzite is exposed in the dam abutments, 

and immediately northwest of the dam, where interbedded quartzite and shale 

overlying the massive quartzite are exposed in a quarry. ,. -1~ 
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TABLE M1 Q. TYPE SEC'riON OF THE TIDBINBILLA QUARTZI~TE 

Top of section (summit of Tidbinbilla Mountain) 

well-bedded (10-30 em) quartzite with minor thin, 

sj_l tstone interbeds towards the top 

massive quartzite 

well-bedded (20 em) quartzite 

quartzite with mudstone clasts 

well-bedded quartzite 

interbedded quartzite and shale with sev~~al 

conglomeratic and slumped beds -- .. ' . 

v~ry coarse sandstone with scattered pe"bbles 

Ordovician flysch sediments 

Distribution 

50 m 

40 m 

5 m 

0.5 m 

10 m 

25 m 

2 m 

Tre Tic!binbilla Quartzite crops out over about 11 km2 between 
1 

Tidbinbilla Mou11tain and the Cotter River, fr,om 2 km south 6f Bendora D~ to 

7-5 km nort]1-northeast of the dam. Its outcr9p along the Cotter River is 

interrupted by th,e intrusive Cow Flat Porphyry, and by an extrusive dacite 

which may lie disconformably on the quartzite. We have tentatively included 

in the unit a small area of flat-lying quartzite on the Two Sticks Road 

(at grid ref. 685950), which Walpole (1952) also considered to be Tidbinbilla 

Quartzite. We have also placed in the Tidbinbilla Quartzite a small area of 

chert conglomerate lying on Ordovician flysch in the upper Cotter valley at 

grid reference 655552. 
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Lithology 

j 

The Tid bin billa Quartzite is mostly. composed of a well-sorted, 

medium-grained sublitharenite which has been converted to a quartzite by the 

overgrowth of quartz onto grains rather than by metamorphic recrystallisation .. 

Coarser-grained sandstone, conglomerate, and shale crop out near the base of 

the unit, and shale becomes an important constituent near its top. Volcanic 

rocks are absent. 

The base of the Tid bin billa Quartzite in the type area is formed by a 

2-m-thick bed of massive, poorly sorted, very coarse sandstone to fine 

conglomerate. The rock is formed of rounded to subangular, grains of quartz, 

chert, mudstone, and altered basic volcanic rock fragments, and includes a, 

moderat~ly high clay content. ,The grainsize averages about 2 mm, but may 

reach 5 mm; the larger grains are usually better rounded. From a visual 

estimate, quartz forms about 50%, chert 10%, mudstone 10%, other rock 

fragments 5%, and clay 25% of the rock. Minor zircon and tourmaline are also 

present, but feldspar appears to be absent. All the rock fragments can be 

matched with the· local Ordovician rocks. In the upper Cotter valley the base 

of the Tidbinbilla Quartzite is formed· by a conglomerate in which clasts, up 

-to 5 em, are mostly chert. Farther north, on the Two Sticks Road, a medi urn

grained quartz sandstone appears to form the base of the unit. 

In the type area, 25m of interbedded conglomerate, quartzite, and 

shale overlie the basal bed; slumping is evident at some l~vels. The 

conglomerate consists of rounded chert and mudstone clasts up to 5 mm in 

diameter and tabular silty mudstone clasts up to 45 x 10 mm in a virtually 

clay-free matrix of rounded quartz grains up to 2 mm. The chert (which may 

contain radiolarians) and mudstone clasts were li thified before they were 

deposited; but the silty mudstone clasts, which are composed of varying 

amounts of subangular silt~grade quartz grains in a muddy matrix, appear to 

have been soft and unlithified when they were deposited, because their edges 

now partly enclose quartz and chert grains. The quartz grains forming the 

matrix of the conglomerate are well rounded, many with fairly high sphericity, 

and most show plane extinction (though some have undulose extinction and some 

are polycrystalline). Many quartz grains have optically continuous secondary 

overgrowths of silica in which the outline of the original grain is marked 

by impurities. 
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The quartzite in this lower part is typical of that throughout the 

Tidbinbilla Quartzite; the only variation is in grainsiEu, which tends to 

decrease higher in the sequence. The rock consists of well~rounded quartz 

grains and rock fragments, up to 2 mm in diameter in the lower part but rarely 

greater than 0.4 mm higher in the unit. Clay material is usually virtually 

absent, but may constitute up to 15% of the finer-grained quartzite. Rock 

fragments include chert and mudstone, and may form up to 1.0% in the coarser 

rocks, though only 1 or 2% in the fine·-grained quartzite. Muscovite, 

tourmaline, and zj rcon may also be present. 

Shale interbeds are rate and thin through most of the Tidbinbilla 

Quartzite; they are more common in the lower 25 m, where they may be up to 

20 em thick, and in the upper 50 m where they may be up to 2 m thick. 

A-t least three levels of slumping are evident in the type section: 

about 5 m, 10m, and 20m above the base of the unit. The slumped beds, which 

are 1 to 3m thick, are distinct, qnd can be followed in outcrop on the 

western side of Tidbinbilla Mountain from thetype section almost down to 

Bendora Dam. They are composed of unorientated tabular masses of mudstone, 

some of which have been deformed, in a matrix mainly of quartz grains. The 

mudstone clasts are up to 30 by 10 em, and the quartz matrix is well .sorted, 

with grains up to 2 mm in diameter and relatively little clay matrix. 

Environment of deposition 

Sedimentary structures are rare in most of the Tidbinbilla Quartzite. 

Apart from the slumped beds near the base, they are restricted to rare large

scale cross-bedding in tabular sets up to 1 m thick, and even rarer ripple 

cross-lamination in ·1 to 3 em sets. All five directional measur·ements of 

cross- bedding indicate sediment supply from th.; west. Sedimentary structures 

indicative of turbidite deposits, and trace fossils, appear to be lacking. 

Owing to the dearth of si~nificant sedimentary structures, the depositional 

environment ~f the unit is difficult to interpret. The base of the unit 

- with coarse sandst\m~, conglomerate, and slumped beds - appears to be, the 

initial part of a transgressive cycle. · The water apparently deepened ·rapidly 

to below the zone of wave action, since much of the unit has regular parallel 

hedding from 0.2 to 1 m thick, or is unbedded, and lacks the range of 

sedimen'~ary structures to be expected in shallow inshore environments. The 
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absence of turbidite deposits, the high degree of sorting, and the roundness 

of individual grains may indicate that the Tidbinbill,a Quartzite was deposited 

as an offshore shoal in a shelf environment. Channels and discontinuous 

· coarser beds in the uppermost part of the unit, which consists of interbedded . 

shale and ~uartzite, probably mark a shallowing of the sea. 

Thickness 

The thickness of the Tidbinbilla Quartzite is estimated to be 300 m. 

Relations 

The Tidbinbilla Quartzite rests unconformably on the Ordovician 

Adaminaby beds: on the western side of Tidbinbilla Mountain,· both the 

Adaminaby beds and Tidbinbilla Quartzite have gentle westerly dips with no 

more than a 10° or 15° difference in dip. The Tidbinbilla Quartzite is 

thought to be overlain unconformably or possibly disconformably by the Paddys 

River Volcanics south of Bullock Head Creek. 

Strusz ( 1971) reported the occurrence of a fragmentary graptolite 

from the Bendord water-main excavation at grid reference 676798; it was 

provisionally identified as Monograptus flemingi or M. chimaera var. salweyi, 

indicating an early Ludlovian age. However, more recently, this locality has 
,. 

yielded a specimen of Climacograptus sp., possibly C. caudatua; therefore, it 

must be of Ordovician age, and is thought to be part of the Adaminaby beds 

rather than the Tidbinbilla Quartzite. The specimen identified as Monograptus 

may be a broken part of a Dicellograptus sp. No fossiliferous localities are 

known in the Tidbinbilla Quartzit3, and its age must be deduced from regional 

stratigraphic considerations. 

We sugge~t that the age of the Tidbinbilla Quartzite ,is late 

J1landoveria.n to early Wenlockian, similar to that of the Peppercorn Formation 

to the west and the State Circle Shale and Black Mountain Sandstone in 

Canberra to the east. The Peppercorn Formation is a shallv!i' marine 

transgressive unit, similar to the base of the Tidbinbilla Quartzite, whereas 

the Black Mountain Sandstone is a proximal. turbidite depoei t (Crook & others, 

1973). We envisage that, after the mid-Llandcv8rian ~.1}··1se of folding in the 
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Tar1tangara area, a shelf was formed on ~1hich the Peppercorn Formation and 

Tidbinbj_lla Quartzite were deposited, while flysch sediments continued to pour 

in~o a trough that persisted farther east towards Canberra. This 

interpretation is compatible with the Tidbinbilla Quartzite being devoid of 

volcanic products, which- as discussed later (see under Age, Paddys River 

Volcanics) - first erupted in the Silurian locally - in the Uriarra area -

probably no earlier than the late \'lenlockian. 

Glen Bower Formation 

Nomenclature 

Harper ( 1 909) first used the name Glen Bower Series for Silurian 

sedimantary rocks in the Mount Boambolo area, where Shearsby (1905) had 

previously mapped Silurian rocks. Best & others ( 1964) named the sequence 

the Glen Bower Beds on the Canberra 1:250 000 Sheet. Moignard (1970) more 

recently mapped the area, and Strusz (1975) has summarised his work. 

Moignard (1970) divided the sequence into two units- an upper·, the 

'Boambolo Formation', and a lower, the 'Glen Bower Formation' - separated by 

an unconformity. However, recent mapping by students of the Department of 

Geology, ANU, suggests that the whole sequence mapped by Harper is 

conformable, and that a separation of the succession into two units is not 

justified (K.S.W. Campbell, ANU, yersonal communication ~976). 

The detail of our fieldwork on this sequence is insufficient to 

suggest which of these two hypotheses is correct, but we have followed the 

later ANU mapping, and consider that the succession is conformable. 

Derivation of name 

We assume thatHarper Ci909) derived the name from the now ruined 

Glen Bower homesttlad ( gr··id ref. 708224). 

Type section 

No type section for the Glen Bower Formation has been designated in 

the literature, so we propose that the section exposed in the Glen Bower 

---·-- --··-···-------
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Anticline at grid reference 721210, the earliest recognised locality for the 

unit, be nominated the type section. Moignard (1970) measured a detailed 

section in the Glen Bower Anticline, Strusz's (1975) summary of it is 

reproduced below. 

Poorly exposed silty sandstone, and sporadic limestone 
lenses containing reworked shells and abundant crinoid 
ossicles; becoming sandier upwards, with cross-bedding 
developed towards the top 

Massive bioclastic to algal limestone 

Calcareous mudstone to fine-grained sandstone with 
thin silty and sometimes stromatolitic calcarenites 

Stromatolitic limestone with infilled channels 

Coarse-grained quartzose sandstone with prominent 
cross-ripple beddi.ng and occasional clasts of red
staineu limestone 

Very thick-bedded rubtly to nodular silty limestone, 
of which the top 30 ern is stromatolitic and contains a good 
silicified shelly fauna 

Calcareous siltstone with abundant Parastriatopora 

Medium-grained argillaceous quartz sandstone with some · 
cross-ripple bedding 

69 m 

7.5 m 

ca 18 m 

ca 11 m 

12 m 

6 m 

1 m 

13 m+ 

The base of the section is below water-level, and the top is 

apparently unconformably overlain by the Laidlaw Volcanics. 

Distribution 

The Glen Bower Formation c:rops out over about 15 km2 in BRINDABELLA 

and YASS; tw0-thirds of its outcrop area is in BRINDABELLA. Almost all of 

this area is on the east bank of the Murrumbidgee River in the basin of 

Copplestone Creek; there are two small areas west of the river: from the 

Glen Bower Anticline north to the ruined Glen Bower homestead (grid ref. 

708224), and east of Cavan homestead. 
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Lithology 

The Glen P.ower Formation consists of a laterally and vertically 

variable sequence of mainly siltstone and shale, and less common limestone 

and sand stone. Both the extensive faulting and the lateral variability 

obstruct the detailed correlation of marker beds. 

The lower part of the succession is exposed in Sapling Point Creek 

(YASS), where dacitic garnet-bearing tuff correlated with the Hawkins Volcanic 

passes up first into a .~ceworked lithic tuff and then into quartz-rich 

volcaniclastic sandstone and siltstone. Within this conformable' gradational 

sequence the boundary is placed at the change from reworked lithic tuff to 

quartz-:rich volcaniclastic sandstone, which marks a significant change in the 

textural maturity in the sediment. 

The quartz-rich volcaniclastic sandstone and siltstone comprise 

mainly poorly to moderately rounded quartz grains in a variable amount of clay 

matrix; volcanic rock fragments are common, feldspar grains are subordinate, 

and garnet is a rare accessory. '.;orting is poor. The quartzose volcani

clastic sandstone and siltstone, which are about 155m thick, become more 

quartz-rich and better sorted upwards before the first·calcareous bed; this is 

a silty calcirudite, 5 m thick, with oncolites, overturned colonies of· 

Heliolites,and stromatoporoids. Higher in the sequence volcaniclastic 

sediments, becoming increasingly argillaceous upwards, are exposed for over 

80 m, followed by a 8equence of silty and quartzose sandstone with interbedded 

limestone for a further 80 m. Lack of exposure terminates the section in 

Sapling Point Creek. 

A succession similar to that in the upper part of the Sapling Point 

Creek section appears to dominate the remainder of the sequence: dark olive, 

in places reddish, siltstone and shale, calcareous shale, and thin (<10m 

thick) biostromal :::.imestone. Apart from the limestone beds, exposure is poor.· . 

Limestone is common in the upper part of the succession, as in the 

type section, but terrigenous sediments again predominate near the top. 

Various types of limestone are present, including rubbly or nodular silty 

limestone, algal limestone, stromatolitic limestone, and massive bioclastic 

limes ton~~ 
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The upp<:Jrmost part of the sequence, exposed on the western slopes · 

of Mount Boambolo, is a sequence of finely laminated shale, siltstone, 

calcareous sandstone, and sandy coPglomerate; the conglomerate contains 

clasts of red-stained limestone, presumably derived from lower in the 

sequence. As mentioned earlier, Moignard (1970) considered that this 

uppermost part of the sequence, which he named the Boambulo Formation, rests 

unconformably on the Glen Bower Formation, but more recent work by ANU 

students indicates that the sequence ia conformable. The presence of 

limestone pebbles prest1mably derived by subaerial er.osion of limestone lower 

in the formation is not unexpected in what must have been a very shallow

marine environment, where only small changes in sea level would expose rocks 

to erosion. 

Environment of deposition 

The Glen Bower Fonnation is considered to have been deposited mainly 

in a very shallow-marine environment; evidence for this comes from the 

limestones, which are commonly algal or stromatoporoidal. MoignHrd (1970) 

suggested that the part of the sequence below the frequent limestone interbeds 

· :: mainly fluviatile or deltaic, since fossils are rare, and that calcareous 

interbeds represent rare subtidal marine incursions. Higher in the sequence, 

normal marine sediments predominate until near the.top; Moignard interpreted 

the return to poorly fossiliferous finely laminated shale and siltstone ~s 

a cha11ge to an estuarine environment, in which the sandy conglomerat.es 

represent beach deposits. 

Relations 

The Glen Bower Forme.tLm rests conformably on the Hawkins Volcanics 

in Sapling Point Creek, and is overlain apparently unconformably by the 

Laidlaw Volcanics on Mount Boambolo and near the Glen Bower Anticline. 

Thickn0ss 

Moignard (.1970) su1,J9sted that the Glen Bower Formation may be up 

to 1000 m thick; our own work indicates that this figure is probebly 

substantially correct. 
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Little work has been done on fossils from the Glen Bower Foru;ation. 

Shearsby (1905) and _Tiarper (1909) collected faunas which were identifiP.d

thoug·h not illustrated- by w.s. Dun. Later Hill (1940) listed fossils from 

the unit in her descriptions of ~he corals Phaulactis shearsbyi, 
, . 

. Entelophyllum latum, and Tryplasma lonsdalei. 

Moig~ard Ct970) described more of the fauna, listed in Str~sz ( 1975j, ' 

and also obtained conodonts from the Glen Bower Anticline locality. The 

available faunal. evidence appears to indicate that the Glen Bower Formation 

correlates with tb.d lass Formation - that is, earliest Ludlovian. This is 

further suppori:cd by. the ,~~milar stratigraphic position of the two units· 

~.between thP Hawkins and Laidlaw Volcanics. 

Yass Formation 

The Yass Formation has at various times- been called the 1 Yass Series 1 

(Brown 1 941), the Yas~ Group ('Link, 1970), and. the Yass Subgroup., (Pogson & 
(.·.o-• 

Baker, 1974). Link divided the unit into two formations, the 0 1 Briens Creek 

Sandstone and the Cliftonwood Limestone, which he !Ilapped in·· the Yass area • 
. ' 

Pogson & Baker recognised both but neither is evident as far south' as 

BRINDABELLA, which suggests that they may ngt be laterally COlltinuous. We 
. ,. 

propose that the Yass Group of Link and the Yass Subgroup of Pogson & Bak~r 
' 

be mo:re appropriately-called the Yass Fonnation, which in the,Yass area can 
. l 

be divided into two members - the Cliftonwood Limestone Memb6r and 0 1 Briens 

Cr~ek Sandstone Member! 

The Yass Formation crops out over only a narrow south-southeast

trending belt 5 km l.cng by 1 km wide in the northeast corn'er of BRINDABELLA. 

Its continuity of outcr6p northwards, and its identical stratigraphic position 

- between the Hawkins and Laidlaw· Volcanics, enable it to be correlated with 

the more extensive development of the· formation in YASS. Its outcrop 

continues into CANBERRA, almost to the ACT border near.Hall. 
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In BRINDABELLA, the Yass Formation is poorly exposed 1 and consists 

of cleaved olive-brown silts tone a.nd shA.le; sandstone, limest0ne, and fossils 

are h .. cking. 

The thickr).Gss of 'the Yass·Forniation in BRINDDBELLA appears to be in 

the order of 300 to 400 m; lack .of outcrop precludes a more accurate 

estimate. Link &, Druce ( 1972) reported that the thicimess varies 

considerc:bly, but is a1Jo-y.t 1 90 m near Yass township. 

The age of the Ya~s Formation is earliest Ludlovian (Link & Druce, 

1972). 

; > 

Micalong Creek beds 

Nomenclature 

Edgell (1949) gave the name Mir:along Creek Limestone to a sequence 

of steeply dipping SiluH.an limestone and shale which cro,ps out near the 
; 

junction of Micalong Cr'3e:t and the Goodradigbee River south of Wee, Jasper. 

He also correlated an are:1 of li:r<estone farther south near the junction of 

the GooJradigbee River and Limestone Creek with the,·~calong .Creek Limestone. 

Edgell's work-has remained unpuh}ished, but Brown (1964) has since PFblished 

the name, Micalong Creek Limestone. Since the unit is composed of both 

limestone and shale 9 and since the unit has faulted bound.<iries.,with all othE'lr 

units of the area, the informal name I~i.c~long Creek beds is preferred. 
·, . '· 

Derivation of nru~e 

The tmit ls named after Micalong Creek, which flows across the 

outcrop of the Nicalong Creek beds at grid- ref,erence 535046 ·- 9 km south of 

Wee Jasper. 

Reference section 

Ko type section has previously been nominated for the Micalong Cre~-k 

beliso We have named as a reference section the road section imm'-ldiately south 

of Micaloug Creek from grid reference 537041 to 53:.:;045, where about 100 m of 

sparsely fossiliferous dark limestone underlies about 50 m of cleaved 

siltstone and shale; the sequence dips 70° to the east. 
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Distribution 

The Micalong Creek beds crop out in three separate areas in .the 

Goodradigbee River valley as fault slices along the Long Plain Fault. The 

northernmost area extends as a narrow (0.5 km) strip from 0.5 km south to 4 

km north of Micalong Creek; exposure in this zone is poor, except south of 

Micalong Creek. Another· strip of similar width, about 5 km south-southeaE\t 

of Micalong Creek, exposes ,limestone for 3 km alo~1g the Goodradigbee River 
i 

around its junction with Limestone Creek. The southernmost outcrop is a small 

area of limestone 0.2 by 1 km a further 3 b1 to the south at the junction of 

Dinnertime Creek and the Goodradigbee River. 

Lithology 

The Micalong Creek beds in their ~eference area consist of 

interbedded limestone, siltstone, and shale; farther s6uth, only limestone 

is present. The limestone is variable in li·;hology. ·In the reference section 

it ranges from micrite to biomicrite and ·biosparite and may be .. completely 

recrystallised; it is invariably dark grey in h~nd specimen, and has thin 

interbeds of greenish shale. Farther south the limesto!le is completely 

recrystallised at Limestone Creek, and altered to a marble at Dinnertime 

Creek. 

Siltstone and shale \vi thin the Micalong Creek :beds are generally 

light brown, and are always strongly cleaved and weathered. 

Edgell ( 1949) listed an extensive macrofauna from the limestone 

immediately south of Micalong Creek; Strusz (1975) summarised the main 

elements of.it, and suggested a general correlation with the latest Wenlockian 

to earliest Ludlovian of the Yass Basin sequence. Conodonts identified by 

R. S. Nicoll ( BMR) suggest a rather younger, mid-Ludlovian age. 

Depositional environment 

Recrystallisation of the limestone and well-developed cleavage in 

the shale make a detailed environmental study of the Micalong Creek beds 
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difficult. The presence of a diversified coral, brachiopod, and trilobite 

fauna in the limestone indicates a shallow-marine depositional environment. 

About 150 m of shale and limestone are exposed in the reference 

section, and the maximum thickness of the unit in the northern area of outcrop 

is probably no more than 200 m. About 150 m of limestone are exposed in the 

central area, and .50 m in the southern area. These thicknesses are minimum 

values as· all contacts are faulted. 

Relations 

The Micalong Creek beds are in faulted contact with all other units, 

so a discussion of their relations is speculative. Their lithology and 
,: -

probable Late Silurian age suggest a correlation with the Blue Waterhole 

Formation, whicli crops out more than 20 km to the south. It appears likely 

that a marine connection along the present day Gpodradigbee valley existed 

between the Yass and Cooleman areas during at least part· of the Late Silurian,. 

This strait would :·~ave been bordered' to the west bj· la.nd formed by the 

Goobarrangandra Volcanics and to the east by the subaerial volcanics of the 

Uriarra area. The Micalong Creek beds may in part be a time equivalent of 

the Goobarragandra Volcanics in which siltstone and shale are interbedded with 

daci tic volcanic rocks in the lower· part of the .Dinnertime Creek ,vallP.y (grid 

ref. 56792?); in this area, the i~:ul t separating the Micalong Creek beds from 

the Goobarragandra Volcanics is not considered to be the main Long Plain 

Fault, but a minor splinter fault. 

SILURO-DEVONIAN VOLCANIC UNITS 

Extensive felsic volcanism' characterised the middle to Late Silurian 
(• 

in 'l)ANTANGARA and BRINDABELLA. ·Six volcanic units have been recognised. The 

most extensive is the Goobarragandta Volcanics, a thick sequence of subaerial'···· 

ignimbrites occupying much of the area.west of the Long Plain Fault. Farther 

east, volcanism commenced 'i'Ti th the Paddys River Volcanics, soon followed by 

the Hawkins and Walf<:er Volcanics of similar comJ..'lQSi tion. A break in volcanic 

activity, during which the Yass Formation accumulated, was followed by the 
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eruption of the Laidlaw and Uriarra Volcanics; these two units carry 

different phenocryst minerals from those of the earlier volcanics. 

In the Early Devonian felsic volcanism recurred in the central and 

western parts of the Sheet areas; two types have been recognized. The 

earlier Kellys Plain Volcanics contain similar minerals to the Goobarragandra, 

Paddys River, and Walker Volcanics. But the minerals in the slightly younger 

Mountain Creek Volcanics and, the related Rolling Grounds La ti te are distinct 

from those in any of the other Siluro-Devonian felsic volcanics. 

Goobarragandra Volcanics 

Nomenclature 

Joplin & others ( 1953) reported that the Fiery Range consists mainly 

of in1:rusive late Middle Devonian quartz-feldspar porphyry. They named this 

porphyry the Fiery Range Porphyry in TANTANGARA, and the wyora Porphyry in 

BTIINDABELLA. These two intrusives were supposedly separated in the south of 

BRINDABELLA by a belt of Ordovician sediments. Our mapping has shown that 

no such belt exists and that the two porphyries should be regarded as one 
• J un:. G. 

Adamson ( 1960) renamed the porphyried of the area the Goobarrangandra 

Porphyry 7 which he mapped as underlying the Upper Silurian Yarrangobilly 

Limestone. He considered the porphyries to be volcanic because they contain 

interbedded altered andesite south of Clifford Cree~':" ( Ba tlow SMA 1 -Mile Series 

Sheet, grid ref. 28801983). 

Best & others (1964) used the name Peppercorn Beds for a sequence 

of shale, sandstone, tuffaceous sandstone, and covglomerate near Peppercorn 

Hill (grid ref. 458627), and al.'3() applied this name to the volcanic rocks of 

the Fiery Range. Strusz (1971) presumed the.t the Wyora Porphyry to the north 

was the final stage of intrusion of the Burrinjuck Granite. 

In TUMUT - in the Goobarrag~ndra district 21 krn southeast of Tumut 

- Ashley, Chenhall 7 Cremer, & Irving (1971) described a sequence of low-grade 

' metamorphosed porphyritic rhyodacite, and dacite, mafic volcanics, and minor 

sedimentary rocks to which they gave the name Goobarragandra Beds. These are 

continuous with the quartz-feldspar porphyries of j;he Fiery Range west of the 

l•' 



M128 

Long Plain Fault. However, a reappraisal of the geology of the Goobarragandra 

district by P.M. Ashley (personal communication 1976) indicates that the mafic 

metavolcanics and metasediments are separate from (probably faulted against) 

the felsic meta volcanics, and are better equated with the Honeysuckle Beds 

(Ashley & others, 1971). This interpretation is consistent with the scarcity 
' of sediments and absence of mafic volcanics in the area of felsic V'1lcanics 

that we have mapped. We therefore propose to rename these felsic rocks the 

Goobarragandra Volcanics. 

Type locality 

The type locality is here defined as the hillside at grid reference 

395588, alongside the Yarrangobilly River 400 m southwest of Bucket Flat. 

This is the best exp6sure of the unit and consists about 2000 m2 of 60-70% 

outcrop of a massive strongly porphyritic dacite with phenocrysts of 

plagioclase up to 20 mm and quartz up to 10 mm in a dark blue grcundmass. 

More accsssible reference sections are present along the Snowy Mountains 

Highway between grid references 377466 and 363473, and on the Nottingham Road 

between 530036 and 528032. 

Distribution 

,, 
The Goobarragandra Volcanics crop out over large parts of 

BRINDABELLA, TANTANGARA, TUMUT, and YARRANGOBILLY, including over 480 km2 

of BRINDABELLA and almost 100 km2 of TANTANGARA. The eastern limit of the 

volcanics is the Long Plain Fault; to the west the unit is intruded by the 

Young Batholith and Bogong Granite, 'or overlain by purple and green. shale 

underlying the Yarrangobilly Limestone, and the Ravine beds. In 

YARRANGOBILLY, regional reconnaissance mapping to the west of the Ravine beds·· 

syncline has shown another belt of felsic volcanics continuous with the 

Blowering beds to the north, apparfmtly beneath the Ravine beds, and so ai:; 

a similar stratigraphic position to the Goobarragandra Volcanics; therefore 

the Blowering beds and Goobarragandra Volcanics, which are chemically similar 

(Ashley & others, 1971) are probably continuous beneath the Ravine beds 

syncline. In YASS, to the north, Pog son & Baker ( 197 4) have mapped, as part 

· · or' the Douro Group, volcanics whieh are continuot~s v·ii th the Goobarragandra 

Volcanics near Burrinjuck Dam and Old Jeremiah Creek. The age of these Douro 

Group volcanics is still uncertain, so W'9 have refrained from including the 

Goobarregandra Volcanics in the Douro Group; we suspect that they are 

equivalent to the Hawkins Volcanics of Pogson & Baker (1974). 
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Large areas of good exposure are rare in the volcanics; the type 

locality is the best example. More commonly, exposures consist of rounded 

boulders and tors u~ to several metres in diameter. This style of outcrop 

is predominant for the more massive rock types with abundant phenocrysts. 

Less porphyritic examples crop out as smaller, more angular boulders and 

fractured rock bal's. Semicontinuous exposure is common along major streams 

with steep gradients, and good exposures also occur in the gorge of the 

Goodradigbee River above its junction with Flea Creek (grid ref. 593881 ); 

here the river has followed east-northeast-trending joint planes in the 

volcanics, rather than the Long Plain Fault as elsewhere. 

The Goobarragandra Volcanics are uniform over large areas, suggesting 

that most of the outcrops are thick welded zones of ignimbrite. According 

to Ross & Smith ( 1961 ) the uniformity of such ignimbrite sheets over large 

areas and distances is an important criterion for their recognition, since 

it is not found in either ash-fall tuffs (badded tuffs) or flow rocks of 

,'silicic composition, and is rarely found in flow rocks of intermediate 
I 

/ composition. These authors, who have examined ignimbrites at many localities, 

have found that single units are often 100 m thick, and believe that units 

up to 300m thick are not unlikely. Although we 'have not been able to 

ide"ltify individual flow units in the Goobarragandra Volcanics (because of 

poor exp::>sure), we suspect that in many places - such as the type locality 

and Goodradigbee gorge - single units are at least 100 m thick. 

Litholosz 

By far the most atundtint rock type is a strongly porphyritic dacite, 

commonly with phenocrysts (up co 40%) less than 10 mm of rounded clear quartz 

and subhedral yellowish white feldspar in roughly equal proportions in a dark 

blue-grey fine-grained groundmass. At many localities near later intrusions, 

the groundmass is medium-grained and pale grey. In m~Jst samples a few soft 

chlori tic patches, rarely exceeding 3 mm and commonly bounded by crystal 

outlines, are evident, indicating pseudomorphism &fter primary mafic 

phenocrysts. A less common rock type is similar to the strongly porphyritic 

dacite except that it contains fewer phenocrysts (15% or less); in this type, 

feldspar phenocrysts are much more common than quartz, and phenocrysts are 

less than 5 mm. 
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Voclanic breccia is present at a number of localities (e.g., grid· 

ref. 371463), and consists of very angu~ar dark green fragments- poor in 

phenocrysts and up to 1 00 rmr.. - in a paler more siliceous matrix. Only on 

lightly weathered surfaces are the fragments visible, so volcanic breccias 

may be much more common than our field mapping indicates. 

Banding in the volcanic rocks .. sppears to be rare. At grid reference 

468638 a few parallel pale bands 20-50 mm thiclc in darker material may 

represent airfall tuff bands; definite flow banding is not evident. 

Inte~bedded sediment is evident at only a few places. At grid 

reference 350499 (YARRANGOBILLY) a chert bed about 0.25 m thick lies wi thL1 

porphyritic volcanics; it dips south at 30°. At grid reference 588867 a 

weakly porphyritic dacite grades up into a pale grey shale about 0.4 m thick 

which dips east-southeast at 48°. 
' 

,.,. 

the shale has been baked by an overlying 

ignimbrite. Volcaniclastics crop out at a few· localities, notably on the 

Nottingham Road (at grid ref. 528035) and on the northern slopes of Sulky Alex 

Hill (grid ref. 572917), where a quarry has exposed dark grey mudstone with 

interbedded volcanogenic sandstone. These sediments have a limited extent and 

probably represent small fluviatile and lacustrine deposits within the 

volcanic pile. 

At grid reference 406237 a ·pod of limestone, 150m wide, completely 

surrounded by later intrusives - but presumably part of the Goobarragandra 

Volcanic seq_uence - has been metamorphosed to a coarse-grained (20 mm) pure 

white marble. Veins and patches of calc-silicates in the marble contain 

garnet, diopside, tremolite, epidote, and quartz. Other limestone lenses crop 

out about 14 km farther north, near Talmo (YASS). 

Petrography 

The phenocryst content of over 100 thin sections of the 

Goobarragandra Volcanics enabled the unit to be divided into two main groups: 

those containing 15 to 40% phenocrysts, of which plagioclase is usually 

slightly more abundant than quartz, and mafics are up to 10%; and those 

containing 0-15% phenocrysts, of which plagioclase is much more abundant than 

quartz, and mafics are virtually absent. 
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Differences in the groundmass enable the rocks to be ~urther 

subdivided: 

( i) incipiently welded ignimbrites still with evidence ()f original 

ignimbritic structures such as glass shards, perlitic cracking, and eutaxitic 

layering 

( ii) strongly welded ignimbrite~;, and/ or lavas in '!tihich the original 

texture has been obliterated by WE:'lding and devi trifictJ. tion of a glas~y 

groundmass 

( ii~L) lavas in which flow· alignment of mic~oli tes is preserved 

(iv) rocks with a coarse-grained (greater than 0.2 mm) groundmass of 

graphic, granitic., granoblastic, or spheruli tic texture in small porphyry 

intrusives or hornfelsed zones around later intrusions. 

The group (iii) groundmass type is restricted to the rocks containing 

0-15% phenocrysts, but all other groundmass types have examples 'from both 

phenocryst groups. 

Phenocrysts. Plagioclase, the most abundant phenocryst ( t'P to 30%) 

in the Goobarragandra Volcanics, is usually albitised or saussuritised. 

Albitised phenocrysts have RI less than quartz and uniform extinction, but 

commonly contain concentric bands of sericite inclusions where the phenocrysts 

~·ere once oscillatorily zoned. Fresh plagioclase phenocrysts are evident i11 a 

number of samples from several different areas, notably on Feints Range north 

of Peppercorn Trail, along the Nottingham Road north of Limestone Creek, near 

Webbs Hut (grid ref. 377895), and near Millers and Log Bridge Creeks •. These 

fresh phenocrysts are commonly euhedral and average 1 to 3 mm· , they have 

broad oscillatorily zoned cores generally around An - less commonly 
40-45 

up to An (e.g., at grid ref. 450126) - and commonly narro·., rims of 
50 

An 
10-20. 

The state of the.plagioclase might be an indication of domains 

- perhaps burial metam9rphic zones - in which plagioclase is fresh on the one 

hand and albiti!3ed on the other. 
I, 

Quartz· forms large, rounded, em bayed, and commonly compos:\. te grains 

around 3-4 rnm, arid smaller ( 1 -2 mm) euhedral grains with bipyramidal bGta

quartz habl.t. All quartz g!'ains are unaltered and free of inclusions and 

vacuoles. 
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Potash feldspar has not been obsarved as a phenocryst phase in the 

Goobarragandra Volcanics. It may not nucleate until late in the c~ystallisation 

sequence of magmas of such composition. 

Biotite is the most common mafic phenocryst. It ranges from 0 to tO% 

of the rock, and forms subhedral flakes o. 5 to 1 mm completely altered to 

chlorite; sphene, epidote, quertz, and opaques are other less common alteration 

products o Heat and water trapped in the ignimbrite sheet when it was deposited 

probably altered the biotite. The original biotite is fresh at only a few 

localities (e.g., grid refs. 517966 and ~.10654); elsewhere fresh biotite is 

due to later contact metamorphism, where ?altered phenocrysts have· 

rocrystallised to a mosaic or smaller biotite flakes. Pleochroism of original 

biotite is .from X :::: very pale yellow-brown to Y = Z = bright red- brovm. Biotite 

is rare (1% or less) where quartz is rare. 

Up to 3% hornblende, and chlorite pseudomorphing hornblende, is present 

in a few places (e.g., grid ref. 395208) anrl in the brJl t of volcanics east of 

Black Andreif Mountain, (grid ref. 441231). It forms subhedral prisms up to 0.5 

x 1 mm and has X = pale yellow, Y = green, Z = blue-green. 

Pseudomorphs after cordierite are relatively common in samples with, 

abundant phenocrysts. They form rather rounded irregular patches up to 5 mm 

of ?talc and pale chlorite, commonly also with biotite and opaques. In one 

sample (from grid ref. 517966) the pseudomorphs are prismatic crystals (1 mm) 

of ?talc and chlorite. These cordieri te crystals must have been in equilibrium 

with the magma at some stage, as they have sharp edges with virtually no 

evidence of resorption. Only one sample (from grid ref. 409655) contains fresh 
0 

corderite- a single grain, about 3 mm, which is untwinned, has 2V = 70 , 
X 

contains biotite and opaque inclusions, and is cut by a network of ?talc veins. 

Hypersthene also occurs in the cordierite-bearing sample from grid 

reference 409655· It is pleochroic from pale pink to colourless, and partly 

altered, with rims of green biotite, chlorite, and quartz. A sample from grid 

reference 512994 contains about 5% actinolite prisms; these may be altered 

hypersthene crystals as they have pyroxene cleavage and some contain cores of 

chlorite. A sample from grid reference 524087 also contains a few actinolite 

phenocrysts. 
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In almost all samples, euhedral apatite and zircon and irregular grains 

of opaques form minor accessories. 

Groundmass. As mentioned above there are four types of groundmass texture in 

the Goobarragandra Volcanics. 

( i) Incipiently welded. The groundmass is fragmental, a.nd consists 

of elongate and sickle-shaped devi trified shards and ash separated by chlorite 

and minor granular opaques. The shards average 0~5 mm but may be up to 1 mm 

long, and are virtually undeformad by welding. The coarser shards have 

devi trified into a granophyric and axioli tic intergrowth of quartz and feldspar, 

whereas the finer shards and ash have devitrified into microcrystalline 

material. Perli tic structures replacecl by qt.artz and chlor·i te are common; the 

chlorite fills voids produced during the de'Ji tri.ficb.tion process. Where there 

has been stronger welding, eutaxitic lByering has developed and.bends around 

phenocrysts. Small elongate phenocrysts such as biotite flakes and plagioclase 

prisms are elongated parallel to the eutaxiti~ layering. 

The presence of undeformed shards in this group of rocks indicates that 

welding was only of minor importance and that the rocks come from ej -!;her the 

top or bottom of ignimbrite cooling units (Smith, 1960). 

(ii) Strongly welded. Most thin sections belong to this group. The 

groundmass has no evidence of original shards, a.nd rarely is eutaxi tic layering 

preserved; thus the rocks are either densely welded ignimbrites from the centre 

of cooling units, or devi trified glassy lava flows. The groundmsss ex:hibi ts 

difierent degrees of devitrification, as observed experimentally by Schloemer 

(1964) and Lofgren (1971). 

The first product of devitrification is a microcrystalline mosaic of 

quartz, feldspar, micr.ospherulites, chlorite, and opaques. Staining with sodium 

cabal tini trite revealed that potash feldspar is the dominant feldspar, but 

plagioclase microlites 0.05 mm long are also present. Under plane-polarised 

light the devi trified groundmass is colourless to pale brown. The spherulites 

are of two types - radiating needles, and rounded growths with uniform 

extinction throughout (patch spherulites). The two types do not occur together. 
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As devitrification continues the microspherulites in the groundmass 

became larger ~md more abundant. In samples from grid references 377519 and 

409660 the groundmass consists entirely of potash feldspar-rich spherulites up 

to 0.7 mm with interstitial granules and flakes of opaques and chlorite, giving 

a pale grey-·brown colour :under plane-polarised light. 

The end product of devitrification is the granophyric or g-c-anitic stage 

(Lofgren, 1971, p. 122), where all traces of spherulitic fibres have been 

erased. This stage is evident in many samples where the groundmass consists 

of allotriomorphic equigranular quartz, albite, and orthoclase (0.1 mm) with 

interstitial chlorite. Low-grade burial metamorphism and/or slight heating of 

the whole of the volcanic pile from later intrusions probably aided 

devi trifica tion. 

(iii) Fl<,?w alignment of m~croliteso This texture is present only in 

rocks with few or noquartz phenocrysts- that is, rocks that could be classed 

as andesites. However, interstitial to the microlites are abundant quartz and 

orthoclase (confirmed by s~aining), as well as chlorite and opaques; so these 

'andesites' are probabiy chemically similar to all the other rock types, except 

that they cooled from a higher-temperature magma from which the late-stage 

quartz phenocrysts did not have time to crystallise. The microlites are up to 

0.2 mm and give the groundmass a pilotaxitic structure. The higher temperature 

of the magma reduced its viscosity, presumablt enabling it to -produce lava flows 

rather than ignimbrites. 

(iv) Coarse-grained groundmass. Many samples of the Goobarragandra 

Volcanics, especially from BRINDABELLA, have a relatively coarse-grained 

groundmass (greater than 0.2 mm), and are either contact-metamorphosed volcanics 

· or intrusive rocks (porphyry dyke, sill or feeder. pipe) comagmatic with the 

volcanics. The intrusive rocks, which are rare, have allotriomorphic 

equigranular groundmasses of quartz, perthitic orthoclase, and albite, 

approximating a minimum mel·{; composition; 

are mostly unaltered. 

plagioclas7 and biotite phenocrysts 
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Samplets of contact-metamorphosed rocks display a great range of 

groundmass textures. In onlv slightly metamorphosed rocks granitic textures 

prevail, though some samplE"JS f.lhow radia, spherulites up to 1 .2 mm. Several of 

the samples with spherulitic textures (e.g., from grid refs. 451719 and 378958) 

contain blue-green actinolite needles whic!l cut thro'ugh the spherulites in 

random directions; these samples are 'andesites' without quartz phenocrysts. 

Granophyric growths up to mrn are also common, and in some samples the texture 

has developed by overgrowth on quartz phenocrrsts. Two samples ( fro!ll grid refs. 

410654 and 392933) wi.th a groundmass grainsize of 1 rnm have granitic textures 

with abundant graphic intergrowths of quartz and orthoclase perthite. 

The groundmass of more highly metamorphosed volcanics has recrystall- . 

ised to a granoblastic aggregate of quartz, orthoclase, andesine, and biotite 

with grainsize about 0.3 rnm. One S3IIlple (from grid ref. 517069) has poikilo

blastic perthitic orthoclase up to 1.5 mrn enclosing polygonal quartz grains 7 and 

another (from grid ref. 450126) contains 1 -mrn rosettes of actinolite needles. 

The most recrystallised sarnples of Goobarragandra Volcanics come from 

the contact aureole on the western side of the Burrinjuck Adamellite. Samples 

from within a few tens of metres of the contact consist of the assemblage: 

quartz-andesine-orthoclase-biotite-hornblende-sphene, with minor epidote, 

opaques, apatite, and zircon. The hornblende has X= pale yellow-green, Y = 
green with a yellowish tinge, Z = green. Phenocrysts of quartz have completely 

recrystallised, but plagioclase phenocrysts 

jn and An margins) are still present • 

(oscillatorily zoned cores around 

One sample (from grid ref. 
. . 15' 25 

4'1 6265, YASS hao metamorphic plagioc.~.ase of An composition, and poikilo-

,.)._Lastic grains of diopside ( 0. 5 mm), in addi ti~g to the above assemblage. 

Alteration products. The usual alteration products are chlorite, 

epidote, calcite, and prehnite, and rare actinolite and possible talc. Of 

these, chlorite and epidote are the most common, composing up to 3% of some 

rocks. Chlorite occurs in irregular patches up to 1 mm, possibly filling 

cavities which may have been produced by a volume decrease upon devi trifica tion. 

It is also associated with glomeroporphyritic groups of plagioclase (An ) 
20-30 

and quartz 11p to 10 rnm across, some of which are obviously cognate xenolithic 

volcanic rock fragments. Chlorite also pseudomorphs biotite, cordierite, and 

possibly hornblende crystals up to 1 mm. 

Epidote also forms patches up to 1 mm, commonly as radiating euhedral 

erystals probably filling cavities. It is also a common groundmass constituent, 
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but is not necessarily more abundant where plagioclase phenocrysts have been 

al bi tised. 

Calcite also forms irregular patches up to 1 rnm, in amounts ranging 

up to 3%· It is an alteration product of both plagioclase phenocrysts and 

groundmass material. 

Prehnite is rarer than the previous products, and has been identified 

only in samples from the Kennedy Ridge and Bucket Flat areas south of Peppercorn 

Trail. It occurs as fracture and cavity fillings, and veins up to 2 mrn. In 

the cavi ti <:lS the prehni te occurs as anhedral grains up to 0. 3 rnrn with a few 

euhedral epidote crystals up to 0.2 mm; "luhedral quartz 0ryt ... als up to 0.1 mm 

long penetrate the cavities from the cavity wall. 

?T"llc and actinolite replace cordieri te and hypersthene phenocrysts. 

The Goobarragandra Volcanics have: yielded no .fossils, and their age 

is uncertain. They are intruded by the Micalong Swamp :Basic Igneous Complex, 

dated as 430 ~ 9 m.y. by the K/Ar method on hornblende (see GEOCHRONOLOGY). 

They are also intruded by the comagmatic Young Batholith, thought to be o: 

latest Silurian age. Ashley & others (1971) have equated the Goobarragandra 

Volcanics with the Blowering beds (in YARRANGOBILLY), from which they have 

reported the middle to I8te Silurian conodonts Triconodella inconstans and 

Ozarkodina cf. jaegeri. 

The Australian Mineral Development Laboratories ( AMDEL) has 

isotopically dated samples of the Goobarragandra Volcanics that we collected 

(see GEOCHRONOLOGY): they determined a whole~rock Rb/Sr isochron age of 429 

~ 16 m.y., a biotite/whole-rock Rb/Sr age of 417 ~ 8 m.y., and a K/Ar age of 

429 + 9 m.y. for the same biotite. 

At grid reference 336518 (YARRANGOBILLY), in a road-cut on the 

northeastern side of the S~1owy Mountains Highway, weathered subaqueous tuffs 

of the Goobarragandra Volcanics are interbedded with volcaniclastic siltstone 

and green mudstone over a thickness of about 10 m. These pass conformably up 

into purple and green mudstones equatable with the Kings Cr.oss shales (Moye & 

others, 1963), and about 70 m west of the road-cut (at grid ref. 336518) the 

shale almost certainly passes conforma~··ly up into the Yarrangobilly Limestone, 

of Ludlovian age (Talent, Berry, & Boucot, 1975; Vandyke & Byrnes, 1976). 
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These data suggest that th:e Goobarragandra Volcanics are of Wenlockian 

age, at least in the arF.la east of Yarrangobilly ~ Farther north they form such a .. 

thick volcanic pile that they 'may range up into the Ludlov1.an. 

Environment of deposi_tion 

ThPr Goobarragandra Volcanics consist of an unknown thickness of felsic 
'· • J '- • 

ignimbri tef3 I and lavas with minor ai~.rfall tuffs and widely scattered v6lcancgenic 
' , ,, I I ' 

sedimeilts and mudstones. The presence of w13lded glass shards is generally 

considered to indicate a subaerinLenvironment (Ross & Smith, 1961; Hast, 1962), 

but their presen~e in tuffs inferbedded with marine sediments in other volcanic 

formations (Mutti~ 1965; Howells, Leveridge, & Evans, 1973) indicates that they 

can also develop in a submarine environment. 

The Goobarragandra Volcanics, in which marine sediments are rare, were 

almost entirEily produced by subaeri.s.l ignimbritic eruptions, but also commonly, 

as fissure eruptions of ·lava. Basal and near-source accumulations commonly 

contain ..:1ngular breccJ.a fragmentsG The appa:cent scarcity of airfall (banded) 

tuffs may be due ,to poor exposure. Towards the west (e.g., at Yarrangobllly). 
I 

a marine environment ,prevailed~ at least late in the volcanic episode; this 

is consistent with yie' Gooba~ragandra Volcanics passing laterally westwar_d i:nto 

the mainly st1bma:hne Blowering beds in the Tumut Trough. To the east of the 

GoobarragandrC:t Vol9anics belt, near Co'oleman .Plain.i a shallow-marinE'! environment 

prevailed ('\booleman Plains Group) , and, only minor tuff beds are present -. in 

the Pocket Formation~ Farther north near Canberra, shallow-marine felsi0 
I 

volcanism ( Paddy;s ·River, Volcanics, Walker,., Volco.:oics and, in CANBERRA, Moun't 

Painter Volcanies) predominated in the Wenloc:w; an. The main belt of 
\- . .', ',. ' ' 

Gpobarragandra';/Volcanics was thus deposited ori: e. structural high bounded to the 

west· by the Tumut Trough and to the east by ti:!e Canberra-.Yass Shelf 

Paddys River Volcanics 

Nomenclature 

Malcolm (1954) iTitroduced the name Paddys ·River Volcanics for a 
,. (_. 

volcanic ;sequence (with minor interbedded sedime1.1.t) expo~ed in two separate 

,,:areas: in the Paddys River valley and uest o~ Uriarra homestead.· Best & others 

(1964) first published the name, and Strus~ (1975) has briefly described the 

.unit. 



M138 

Derivation of name 

The unit is named after Paddys River, a tributary of the Cotter River 

entering below Cotter Dam. 

!J:::pe section 

Malcolm ( 1954) designated the lower reaches of Paddys River as the type . 

?~ocali ty. We here describe a type section around P~ddys River caves ( gr'id ref~ 

763882). It starts due west of the caves at the contact with the Shannons Flat 

Ada.melli te, and ex~i:;ends east, through the limestone lens containing the· caves, 

to the western slopes .of the Bullen Range 0 . The sequence is summarised as: 

Adaminaby beds 

_______________ Bullen Range Fault 

Dacite - grey-green, coarse; c·:?ntains xenoliths and includes ignimbrite 

and airfall tuff; well exposed in P::tddys River 

Tuff - 50 m; fine to medium; water-laid 

Lime~ .:;one - 60 m; . sharp contact with overlying tuff 

Poorly exposed fine~grained sediments 

Hedenbergi te - thin; almost pure;· probably formed by metasomatic .·. · 

, alteration of a thin limestone bed 

Dacite - green, coarse 

' 
Shannons Flat Adamellite 

Dips in the. type section are steep towards the east 9 and the exposed i 

thickness is about 300, m, of which slightly less than half is sedimentary, roclt. 

Elsewhere sedimontary rocks are less common. 

Distribution 

'I'he Paddys River Volcanics crop out in fl.ve widely separated areas. 

Two of the,~e are in the Paddys River valley : one in the lower reaches near the 
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Cotter River, and the other farther upstream around Riverlea. Both areas, which 
2 

total about 4 km , lie between the Bullen Range Fault and the Sbannons Plat 

Adamellite; in the southern area, the volcanics rest unconformably on 

Ordovician sediments present as a sedimentary screen within the adamellite. 
. 2 

Another small area of the volcanics, about 2 k:m., crops out in the' Cotter 

valley, between a poi'nt 1.5 km north of Bendora Dam and Bullock Head Creek, 

where they form a narrow belt about 5 km long between the Cotter Fault to the 

west and a sp! inter fault to the east; they rest 1ri th an uncertain 'relation 
2 

on the Tid bin billa Quartzite. · Thl~ largest area of exposure, 29 km , extends 

for a distance of 14 km in a meridional belt up to 3 km wide between the Pig 

Hill Fault and Two Sticks Fault; in the north of the belt the volcanics rest 

unconformably on Ordovician sediments, but all other contacts are faulted. The 
2 

northernmost area covers 16 krn , and is centred on The Mullion, again in a 

meridional fault- bounded belt between the Pig Hill and Di~go Dell Faults; the 

unit rests unconformably o!l Ordovician sediments in the south and is overlain 

unconformably by the Lower Devonian Mountain Creek Volcanics in the north. 

In all five areas the igneous component of the Paddys River Volcanics 

crops out as low rounded boulders rarely more than a met~e high, and is usually 
G . 

deeply weathered. With the exception of the Paddys River limestones, 'the 

sedimentary rocks in the unit are rarely exposed; most of the information about 

them has come from road-cuts. 

Petrography 

The typical rock type in t~e Paddys River Volcanics is quartz-albite

biotite + cordierite .:!:_garnet dacite that may have originated as ignimbrite. 

·In hand specimen the rock is medium to dark grey, rarely light grey, and 

commonly has a distinct secondary foliation. It contains quartz and plagioclase 

phenocrysts up to 10 mm in diameter and smaller ferromagnesian phenocrysts. 

Flow banding is very rare. 

Phenocrysts in the quartz-albite-biotite + cordierite + garnet dacite. 

Thin sections show that the phenocrysts of quartz, albitised plagioclase, and 

altered ferromagnesian minerals are set in a fine-grained ground~ass. The 

phenocrysts commonly form 25 to 40% of the rock. Quartz forms commonly embayed 

euhedral to anhedral crystals or splintered angular fragments ranging from 0.5 
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to 10 lillll, but rarely greater than 6 mm; many grains, particularly in the more 

strongly foliated rocks, show undulose extinction. Plagioclase fonns subhedral 

to euhedral phenocrysts up to 8 mm, though usually lesn than 4 mm, and is 

invariably smaller and less common than quartz in the same rock. Albitisation 
( ' 

is ubig.ui taus, and many plagioclase grains are untwinned. Narrow concentric 

bands of sericite ·in some crystals provide evidence that the plagioclase was 

often oscillatorily zoneci before albitisation. In the rare samples containing 

unaltered plagioclase the compo~ition is oligoclase-andesine, with zoning from 

An cores to An (or less) rims; oscillatory zoning is common. Potash 
45 30 

feldspar phenocrysts are unknown in any of the Paddys River Volcanics. 

All tbe ferromagnesian minerals except garnet have been partly or 

completely al,tered, generall.r to 'chlori tic minerals. However, the types of 

alteration of little-altered ferromagneslan minerals in samples of the Kellys 

Pl ' V 1 . ( f 'rl -f' A OOA ?;Q) a1n o can1cs rom gr1~ re~. ~JJ~/ can be confidently assigned to 
,. 

particular original. minerals. From our obse.rvations of simila.r types of 

alteration- though to higher degrees- in other samples, we have extrapolated 

from the Kellys Plain Volcanics samples the identity of the ferromagnesian 

minerals in other Silurian acid volcanics, including the Paddys River 
!;· 

Volcanics. 

Biotite occurs as anhedral to euhedral flakes usually between 1 mm and 

2 mm long, but rarely up to 4 mm, and is almost always completely altered to 

chlorite and opaques. Many grains have kinked cleavage traces. >Biotite is much 

less common than quartz or albite, B;nd rarely fonns more than 15% of the. 

phenocrysts. 

Cordierite, the next most common mafic phenocryst phase, rarely forms 

more than 5%. It is present in only about two-thirds of the sampled volcanic 

rocks of the Paddys River Volcanics, in contrast to biotite which occurs in 

almost all. The cordierite is always completely altered to a pale green to 

almost colourless chlorite, commonly showing anomalous 1 Berlin blue 1 
1 • 

interference colours and lacking fu~Y inclusions of opaque minerals. The 

crystals are euhedral to subhedral, A.nd up to 5 mm longbut commonly less than 3 

mm. We consider that most of the euhedral cordierite grains grew in equilibrium 

with a melt, but that rare anhedral grains containing rounded biotite inclusions 

up to 0.3 mm in diameter are xenocryst cordierite of metamorphic origin. These 

xenocrysts are commonly surrounded by clear rims of cordieri te that may have 

crystallised from the melt. Although all the cordierite i::: now completely 

altered to chlorite, small differences in the chlorite formed from each of the 

two phases of cordierite reflect their contrasting original compositions. 
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Apatite and zircon are cc:•mmon accessory minerals. Apatite forms 

subhed ral to euhed ral crystals v ;) to 0. 8 mm, whereas zircon is much smaller, 

less than 0.05 mm, and ranges from anhedral to euhedral in.outline. Garnet is 

an occasional accessory occurring as large phenocrysts up to 6 mm, apparently 

of xenocrys tic origin; it is commonly surrounded by a reaction rim of 

plagioclase, biotite, and chlorite. Epidote is a common alteration product in 

the Paddys River Volcanics; it may occur as veins or randomly distributed· 

through the rock, but often is preferentially developed in biotites. 

3roundmass in the guartz-albite-biotite + cordierite + garnet d~cite. 

The groundmass is commonly microcrystalline, but may be cryptocrystalline, anr :· · 

often shows evidence of the secondary foliation common to much of. the Paddys 

River Volcanics. This foliation has destroyed virtually all evidence of 

eutaxi tic layering, but d::tcite from the· bed of Paddys River in the type section 

still contains traces of it. Staining has shown that the groundmass is composed 

mainly of quartz and potash feldspar, and only minor plagioclase. 

Other volcanic rocks. Volcanic rocks containing a different suite of 

minerals from that described above are of minor importance in the Paddys River 

Volcanics. Tuffs in the western outcrop area (at grid refs. 717925 and 692874) 

contain phenocrysts of only quartz and albite tc' 3 mm diameter, and ignimbrite 

rock fragments to 6 mm diameter, and may represent material slightly reworked 

by water. . In the Paddys River area, a pale cream banded sodic rhyolite at grid 

reference 778859 is composed of quartz and albite (demonstrated by staining), 

lacks phenocrysts, and shows extensive development of spherulites. Close by, 

at g:L'id reference 778858, a breccia is formed of dacite fragments up to. 20 mm 

in a matrix of identical composition but finer grainsize. The dacite fragment~·. 

have phenocrysts of quartz and alb:Lte in a groundmass containing flo't-l;...aligned 

microlites alld.plagioclase laths; the matrix to the fragments ::tlso has flow

aligned latl1s and microli tes. The rock is apparently an auto-brecciated lava. 

It appears to be related to the nearby sadie rhyolite, since both lack potash 

feldspar - an unusual fe,ature in the Paddys River Volcanics. 
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A dacite at grid reference 688871 contai1w phenocrysts of quartz, 

labradorite (zonBd An ), and altered biotite, pyroxene, and cordierite 
55-45 

in a microcrystalline groundmass of quartz and pot~sh feldspar. It is the only 

rock in the Paddys River Volcanics known to contain altered pyroxene 

phenocrysts, and shows some similarities with part of the Walker Volcanics. 
I 

Sedimentary rocks. Lenses of sedimentary rock are fairly common in 

the Paddys River Volcnnics; in the west they are small and comprise o:rly 

strongly cleaved mudstone, but in the Paddys River area they are larger, more 

common r and include several lenses of limes'tone. The mudstone lenses are thin 

and of limited lateral extent; the one at The Mullion (grid ref. 705109), the 

largest, is about 20m thick with a strike length of over 200m. The mudstone 

is grey, weathering olive-brown, and all traces of its bedding have been 

destroyed by cleavage. A lens on the Brindabella Road at grid reference 709903 

has yielded unidentifiabl~3 trilobite remains. 

In the Paddys River area the two southernmost limestone lenses (at grid 

refs. 773863 and 777851) have been altered to marble and skarn deposits against 

the Shannons Flat Adamellite, but the northern lens (in the type section) is 

a la.cge mass of recrystallised sparite which is only partly altered to skarn 

and cont&j.ns crinoid ossicles. Discontinuous outcrop of black shale and 

mudstone between the three limestone lenses suggests that they may be at the 

same stratigraphic level. 

Environment of deposition 

Much of the Paddys River Volcanics appears to have formed as ignimbrite 

flows in a terrestrial environment invaded from time to time by the sea. The 

marine influence was greater in the east, where limestone was deposited, 

indicating ~hat the Paddys River Volcanics probably accumulated on the eastern 

edge of a land area with the open sea farther east; thus the unit may be 

correlated with the upper part of the mainly shallow-marine Canberra Group in 

the Canberra area (see Age). 
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Relations 

The Paddys P..iver Volcan:i.cs rest unconformably on Ordovician flysch 

sediments in the Paddys River, Sl'?amp Creek, and Tinkers Creek areas., and with 

an uncertain relation on the 'llid bin billa Quartzite. The volcanics may be 

interbedded with the upper part of the Tidbinbilla Quartzite in the Cotter 

valley, but the area is one of poor, deeply weathered exposures, and alternative 

interpretations are that th(~ Paddys River Volcanics there are either high-level 

intrusives or rest on,. an irregular surface on the Tidbinbilla Que.rtzi te. We 

prefer the latter interpretation for two reasons: the texture of the rock is 

that of an extrusive, and regional considerations suggest that the Tidbinbilla 

Quartzite antedates and the Paddys P:.ver Volcanics po·3tdaJlic early· Wenlockian 

folding in the Canberra region. 

The Paddys River Volcanics are overlain unconformably by the Lower 

Devonian Mountain Creek Volcanics at the northern limit of their outcrop, near 

Bonnieville homestead t and are intruded by the Upper Silurian ShannonB Flat 

Adamellite in the Paddys River area. 

Thickness 

The Paddys River Volcanics are about 300m thick in thetype section, 

between an intrusive contact and a fault. Their greatest thickness is in the 

western area, particularly west of Uriarra homestead, where they crop out for 3 

km across strike. As so little bedding is exposed in this secticn.i., which again 

is faul t-.. bounded, the structure cannot be defined, but the few measured dips are 

all steF.-)p; allowing for some folding, we estimate that the thickness is at 

least '!000 m. 

Internal evidence for the age of the Paddys River Volcanics is ·lacking; 

t:ne Paddys River limestones have so far proved unfossiliferous apart from 

.:!rinoid ossicles, and the few marine fossils in the shale lenses are 
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unidentifiable. All that can be said is that they are the oldest acid volcanics 

in the two Sheet areas; they rest unconformably on the Ordovician, and probably 

uncon;ormably on the Tidb~nbilla Quartzite; and they are intruded by the Upper 

Silurian Shannons Flat Adamellite, dated at 414 + 2 m.y. (Roddick & Compston, 

1976) • ; 

Such a major volc,anic episode as the one that produced the Paddys River 

Volcanics is likely to be 1·eflected in contemporaneous sediments around 

Canberra, only 15 km to the east. There, the mainly sedimentary formations in 

the upper part of the Canberra Group contain interbedded acid volcanics, which 

pass up in to the Ainslie Volcanics. According to a·pik ( 1 9~)8) the earliest 

accumulation of these - tuff and rhyolite~ is in the Riverside Formation, 

although the underlying Turner Mudstone contains some tuffaceous sandstone. We 

therefore consider that the Paddys River Volcanics can be correlated with 

these early volcanics in Canberra, whose age according to Strusz ( 1975) is most 

likely late Wenlockian. 

Walker Volcanics 

Nomenclature 

Malcolm ( 1 954), in an unpublished report, gave the name Uriarra 

Volcanics to the sequence of acid volcanics cropping out in the Cotter Dam/ 

Uriarra Forest area, northwest of the Winslade Fault. He called the lowest 

member of this sequence the Walker Member. Cur studies have shown that the 

Walker Member is distinct petrographically and chemically from the remainder 

of the Uriarra Volcanics and we suggest that an erosional break may be present 

at the top of· the Walker Member. We therefore renafu~ the unit the Walker 

Volcanics - a separate formation from the Uriarra Volcanics, whose basal sub

division thus becomes the Tarpaulin Creek Ashstone Member. 

The only published reference to the unit is by Green (1961), who did 

not describe it but collected samples of it at Uriarra Crossing and north of 

Cotter Drun for palaeomagnetic studies. 
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Derivation of name 

Malcolm ( 1954) "named the unit after Walker trig station (grid ref. 

779950), 3 lan south of Uriarra Crossing. 

Type sectioa 

··Malcolm (1954) designated the Uriarra Crossing area as the type area 

of the Walker Volcanics. We propose that the type section be on the 

Murrumhidgee River from 50 m downstream of the causeway at Uriarra Crossing 

(grid rof. 775981), to about 200 m upstream of the causeway (grid ref. 776978) • 

Much of the river section is in massive reddish purple garnet-bearing'dacite, 

which is characteristic of..much of the Walker .Volcanics, but tu~f beds are also 

present- for example, on the west bank of the river about 100m above the 

crossing. 

Distribution 

The Walker Volcanics form a wedge-shaped outcrop pattern over about 
2 

of BRINDABELLA, from the' Cotter Dam in the south to Cusacks Crossing 60 lau 

in the north. They are bounded to the west by the overlying Uriarra Volcanics, 

to the southeast by the Winslade Fault, and to the. northeast by an older unnamed 

sediment and tuff sequence (Sv ) • They extend into C/.NBERRA along the 
•.. 1 

Molonglo River downstrerun of Coppins Crossing (grid ref. 835943), but their full 
I 

extent in that ~1eet area is still uncertain. 

Petrography 

'rhe Walker Volcanics characteristically comprise an interbedded 

sequence of grey-green massive welded dacitic tuff, purple massive welded 

dacitic tuff, ~~d purple bedde¢ unwelded tuff, all of which may contain garnet. 

They also contain local agglomerates, volcaniclastic sediments, and small 

limestone lenses. 
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The grey-green and purple massive dacitic tuffs both have a similar 

suite of minerals, typically quartz-plagioclase-biotite-garnet~ cordierite ~ 

orthopyroxene. All ferromagnesian minerals except garnet are invariably altered 

to chlorite. The colour of these dacites is merely a reflection of the degree 

to which they are oxidised; this was well demonstrated during construction of 

the Pine Ridge sewerage tunnel (grid ref. 813981), where irregular areas of 

purple dacite were in sharp contact with grey-green dacite; thin sections across 

the contact illustrate that only one rock type was present. 

Phenocrysts in the massive dacitic tuffs. In thin section the dacite 

contains phenocrysts of quartz, plagioclase, and ferromagnesian minerals, which 

form up to 50% of the rock, in a fine microcrystalline or cryptocrystalline 

groundmass. Quartz, usually the most common phenocryst, forms euhedral to 

anhedral crystals - often strongly embayed - and angular fragments, and may be 

up to 6 mm in diameter. Undulose extinction is rare. Plagioclase, always less 

abundant tha;-:. quartz, forms subhedral to euhedral crystals generally less than 2 

mm but rarely up to 4 rom. Albitjsation of plagioclase is widespread, and many 

grains are untwinned. When unalbitised the plqgioclase is moderately zoned, 

often oscillatorily, from cores of An to rims of An , and is usually 
55 35 

strongly sericitised. Potash feldspar apparently does not form phenocrysts in 

the Walker Volcanics. 

All the mafic minerals except garnet are totally altered to chloritic 

and opaque minerals, but their identity (as explained above) has been 

extrapolated from samples of the Kellys Plain Volcanics containing little

altered ferromagnesian minerals. Biotite forms anhedral to euhedral flakes, 

usually less than 1 mm long, altered to chlorite with opaque minerals developed 

along the cleavage traces; in the purple dacites the altered biotite consists 

almost entirely of opaque minerals. Like biotite, anhedral to euhedral 

cordierite fonns up to 10% of the phenocrysts, but it is always altered to a 

pale green to colourleGs chlorite lacking any opaque inclusions. Larger 

crystals of cordierite, which may be up to 4 mm long, may have inclusions of 

anhedral altered biotite. 

Orthopyroxene, present in about half of the dacite samples, generally 

forms about 5% of the phenocrysts. It forms subhedral crystals up to 1 mm long, 

and is altered to green chlorite with inclusions of opaque minerals. 

Garnet is present at almost every locality in the Walker Volcanics, 

though never in sufficient quantity to ensure its presence in thin section. 
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It forms large anhedral phenocrysts up to 6 mm, often with a distinct reaction 

rim fonned·of plagioclase, biotite, and chlorite up to 2 nun thick. Apatite and 

zil:·con are abiquitous accessory minerals; apatite forms euhedral crystals up 

to 0.6 mm, and zircon forms anhedral to euhedral crystals less than 0.05 mm. 

In the more oxidised, purple dacites, an abundance of opaque minerals 

rimming all the phenocrysts, including quartz and :Plagioclase, give a 

distinctive appearance to the rock. The opaque mineral is presumed to be 

hematite. 

Groundmass in the massive dacitic tuffs. The groundmass is commonly 

cryptocrystalline to microcrystallin.e, and ::-arely may show signs of vague 

eutaxi tic layering, but is generally structure less. Thl.n sections from the base 

of an ignimbrite unit in contact with volcaniclastic sediments exposed in the 
_\,! 

Pine Ridge tunnel (grid ref. 813981) show an unwelded groundmass with undeformed 

glass shards; a few metres above the base, all the original groundmass texture 

is destroyed. Staining has shown that the groundmass comprises quartz and 

potash feldspar, but no plagioclase. 

Other rock types. Purple bedded unwelded tuff crops out at many 

localities in the Walker Volcanics. It is generally deeply weathered, so little 

can be said of its mineralogy, but in hand specimens it appears to be similar 

to the massive dacite in composition as it contains quartz, plagioclase, garnet 

and mafic minerals. Its grains are angular and generally poorly sorted, ~nd 

since cross-stratification is absent it is thought to be an airfall rather than 

a water-laid tuff. 

Agglomerate crops out at several localities, particularly west of 

Cusacks Crossing and at the eastern end of the Pine Ridge tunnel. West of 

Cusacks Crossing it fo~s the uppermost beds of the Walker Volcanics, 

immediately underlying the Tarpaulin Creek Aohstone Member, where it is unsorted 

and contains angular clasts of welded dacite up to 10 em in a crystal matrix. 

At the eastern portal of Pine Ridge tunnel, dacite blocks up to 50 em ~re 

enclosed in a crystal tuff. 

Definite water-laid sediments are known from only three areas - two 

of them with ] imestone. The area without limestone is in the Pine Ridge tunnel, 

where 30-40 m of fissile black shale were exposed between agglomerate and 

overlying dacite ash-flow tuffs. The shale was finely laminated as a result 

of variations in the amount of fine silt-sized quartz and albite present, and 

at several levels was rich in pyrite. 
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Limestone with associated clastic sediments crops out at two localities 

in the Walker Volcanics: one in BRINDABELLA north of Uriarra Grossing (grid 

ref. 790992); the other in CANBERRA northwest of Coppins Crossing (grid ref. 

835943). In BRINDABELLA, the limestone is up to 15m thick, and occurs as 

several lenses (separated partly by minor faulting) over a strike distance of 

about 250m. At the southern end of the outcrop the sequence is: 

purple dacite 

volcaniclastic areni t,e 

massive coarse dark grey 

crinoidal biosparite 

poorly bedded to m~ssive 

dark grey micrite 

poorly bedded rubbly dark micrite 

thickly bedded light to dark grey 

micrite, laminated or conglomeratic 

in places 

laminated pinkish algal micrite 

nodular dark grey biomicrite in 

shale matrix, with several dark 

grey micrite beds to 30 em thick 

light brown poorly bed~ed mudstone, 

bedding sometimes highly contorted 

(?slumped) 

base of section 

thickness unknown 

?5.00 m 

2.00 m 

1.50 m 

0.50 m 

0.90 m 

0.35 m. 

5.00 m 

5.00 m+ 
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Envirorunent of deEosition 

The Walker Volcanics are thought to have accumulated in a terrestrinl 

environment because they include ignimbrite flo1vs, which predominate in the 

sequenc:e, and poorly sorted bedded tuff with angular euhedral phenocrysts, whJ.ch 

indica(te a laek of water transport and sorting. Brief marine incursions 

deposited limestone as lenses in the l,oppins Crossing area (CANBERRA) and 

northw·est of Uriarra Crossing. 

Relat~ 

In BRINDABELLA the ba::3e of the Walker Volcanics is exposed in the 

Murrumbidgee River valley between Cusacks Crossing and the Molonglo River, where 

it passes conformably down into an unnamed sequence of volcaniclastic sediment 

with ignimbrite and airfall tuffe 

We consider that the Walker Volcanics are similar in age to the Mount 

Painter Volce.nics, because garnet is common in both but rare in other volcanics 

of similar age in the Canberra region. \•le also consider that the Paddys River 

Volcanics are slightly older than the Walker Volcanics since they ~est 

unconformably on Ordovician rocks, but the two units may in part be lateral 

equivalents. 

The Walker Volcanics are ovarlain with p~obable disconformity by the 

Uriarra Volcanics in the west, and by the Laidlaw Volcanics and Deakin Volcanics 

in the east, around Mount Stromlo (CANBERRA). 

'l'hickness 

The total exposed thickness of the Walker Volcanics is considered to 

be about 2000 m ill the area between the ]hlonglo and Cotter Rivers; this, 

however, is a minimum thickness, since t r.e base is not exposed in this area. 

Farther north, in the Cusacks Crossing area, the Walker Volcanics thin to about 

300 m, probably because they were eroded before the Uriarra Volcanics 

accumulated on top of them. 
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Fossils and age 

An extensive shelly marine fauna has been collected from the 

sodimentary lenses in the Walker Volcanics along the Molonglo River below 

Coppins Crossing (grid ref. 835943, CANBERRA), and a poorer fauna, mainly 

corals, is present in the limestone at Uriarra Crossing (grid ref 790992) ~ As 

only a few of the species have so far been described, the faunas at present are 

of rather limited value for correlation. We have suggested above that, on 

litho logical grounds, the Walker Volcanics correlate with the Mount Painter 

Volcanics. This suggests a late Wenlockian age. 

Dr D.L. Strusz (BMR) has identified the following genera in +.he fauna 

from Coppins Crossing. 

Trilobites: 

Brachiopods: 

Encr~nurus, Coronocephalus~ Gravicalymene, Otarion,. 

SEhaerexochus, Ceratocephala, Staurocephalus, harpid cf. 

Aristoharpes, illaenid? cf. Thomastus 

Salopina, Skenidioides, Ae~iria, Pentlandina, 

Strophochonetes, Coelospira, Nanospira, Atrypoidea, 

'Eoreticularia', cyrtiid new genus, Craniops, Trimerella. 

Hawkins Volcanics 

Br1)Wn (1940) used the name 'Hawkins Series' for volcanic rocks 

underlying the Bango Limestone east of Yass, and the name 'Douro Series' for 

volcanic rocks between the Bango Limestone and the 'Yass Series'. Later authors 

had difficulty applying this nomenclature when the fungo Limestone was absent, 

sine( the two volcanic units have essentially identical field appearance, and 

Pogson & Baker (1974) suggested that the name Douro Group be used for the whole 

volcanic sequence, including interbedded sediments, from the base of the 

'Hawkins Series' to the base of the sedimentary Hattons Corner Group (see Table 

M11). Pogson & Baker (1974) applied the name Hawkins Volcanics to the whole 

volcanic sequence below the Yass Formation; we follow this nomenclature. 

The Hawkins Volcanics crop out over about 5 k:m
2 

of BRINDABELLA, in 

three small areas: the largest is in the far northeast corner, and the other 
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!' .• 

''two are around Mount Boambolo, on· the northern. edge of the Sheet area ju~"::; ea0t 
(..,• ' 

of the Murrumbidgee River. The unit is much more extensive inYASS and 

CANBERRA, where it probably covers several hundred square kilometres. 

In BRINDABELLA, the Hawkins Volcanics comprise greenish grey dacite 

tuff- probably ignimbrite -which has a phenocryst mineral suite of quartz

plagior::laae-bioti te-cordieri te,::garnet. Quartz, the most abundant, forms about 

50% of the phenocrysts, and is commonly em bayed. Euhedral to subhedral 
. . ' ' 

plagioclase (andesine)' which forms about 35% of the phenocrysts, is not. 

albiti8cd in BRINDABELLA, but is in the Hawkins Volcanics in CANBERRA 

(Henderson, ·1975). Both biotite and cordierite are altered to chlorite and' 

opaque minerals, whereas any ga1~Il.et present is fresh. The 'groundmass is a 

microcrystalline mixture of quartz and potash feldspar, and show9 evidence of 

eutaxitic layering in some samples. 

The local thicklless of the Hawkins Volcanics cannot be estimated;. 

elsewhere in YASS and CANBERRA it must be of,the order of several thousand 

metres. The age of the Hawkins Volcanics must be late Wenlockian, since Crook.& 

others (1973) have shown that they rest with slight unconformity on early 

Wenlockian beds, while Link & Druce ( 1972) have dated the overlying Yass 

Formation as earliest Ludlovian. 

Laidlaw Volcanics 

Nomenclature 

Mann ( 1921) · first applied the name Laidlaw stratigraphically to acid 
(>~ 

porphyritic rocks cropping out around Laidlaw. trig station, 1 k:m te~t of Yass. 

Both Jenkins (i878) and Shearsby (1912).had pr~viously, d.escribed these rocks 

and noted that they occur between two sedimentary seque~ces. Sherrard (1936) 

mapped in some detail the igneous rocks of the area, and used the term 'Laidlaw 

porphyry' for a porphyry lying between two sedimentary sequences near Laidlaw 

crig. 

Brown ( 1 941 ) , who mapped the whole ·• of the Yass Basin, named. the 

tuf'faceous sequence between the Yass Series and Hume .Series the 'Laidlaw 
'; ' ., 

Series', and also used the name 'Laidlaw Tuff' for the same rocks. This 

teminology was used by later authors describi.ng the area (such as Brown, 
:. 

Campbell, & Crook, ... 1968 ) •. 'Lirik (l970) r as a result of ci~tailed mapping of the 
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sedimentary rocks of the Yass Basin, completely revised the stratigraphic 

nomenclature, renamed the 'Laidlaw Series' the Laidlaw Formation, and included 

it as the basal formation of the Hattons Corner Group. He named a thin 

limestone near the top of the Laidlaw Formation· the Euralie Limestone Member, 

whicb he showed to be separated from the overlying Silverdale Formation by a 

thin tuff bed - the top of the I..aidlaw Forrr1ation. Exact correlation of Brown's 
' 

(1941) boundary between'tha Laidlaw and Hume Series with Link's work is 

uncertain, since Brown did not m~p the thin limestones ( Euralie Limestone and 

Gums Road Limestone) . which Link placed respectively near the top of the Laidlaw 

Formation and at the base of the Silverdale Formation. In a later publication, 

Link & Dru.~e (197?-) introduced two new names, which they included on the ma:p 

accompanying their text but not in. their text: the Willow Bridge fuff Member 

for the thick volcanic sequence, wh1ch forms the bulk of the Laic1lav' Formation, 

below the Euralie Limestone Member; and the Excursion Creek Sandstone Member 

for the tuffaceous beds at the top of the Laidlaw Formation- that is, above 

the Euralie Limestune Member~ 
I 

The nomenclature of the area was again revised by Pogson & Baker ·· 

(1974), who elevated the Willow Bridge Tuff to formatlona: status, and 

restricted the Laidlaw Formation to .the Euralie Limestone and. Excursion Creek 

Sandstone. .Thus, between 1941 and 1974 -f:[le term Laidlaw .had changed from; one 

implying a mainly volcanic sequence· to one composed of sedimentary rocks, a 
' -', 

change we consider does not follow the spirit of the Australian Code o'r. 

Stratigraphic Nomenclature •... 
' 

Our examination of the type area of the 'Laidlaw Series' (in the sense 

of Brown~ 1941) has revealed a complex sequence not desc:dbed by Link ( 19'70) , 

Link & Druce (1972), or Pogson & Baker (1974). Imme.::i.ately overlying the 

Cliftonwood Limes tone, at the top 0f the Yass Formation, is a sequence of some 

tens of metres of :volcaniclastic sedi1nents derived by the erosion of volcanic . 
rocks of the Hawkins Volcanics (below~·. the Yass Formation). Above this, a 

laterally and vertidally variable sequence of ignimbfitic quartz-feldspar

biotit~ porphyries passes up into the Euralie Limestone. The Excursion Creek 
:,:' 1 

Sandstone is also a volcaniclastic aren:l t.~, hovrever, apparently derived by the 

erosion of the Laidlaw volcanic sequence. 

We therefore propose that the name Laidlaw be restri~ ted to that part 

of the sequence between the Yass Formation and Euralie Limestl')ne, most of which 

is of volcanic origin, and therefore use the name Laidlaw Volcanics. 'l'his is 

in accordar.Lce with the original nomenclature of the arna first detailed by Brown· 

( 1 941 ) • Th<!! Euralie Limestone and Excursion Creek Sand stone are best regarded 
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as basal members of the overlying Silverdale Formation, with which they have · 

much closer·sedim.entological affinities. Detailed work on the stratigraphy of 
i 

the volcanic units of the Yass area iG needed to complement Link's (1970) work 

on the sedimentary units, and until this is done the Laidlaw ~olcanics must be 

regarded as an infonnally defined unit. 

Our suggested nomenclature of the sequence in the Yass area, and 

comparisons with previous work, are given in Table M11. 
( 

Derivation of name 

The Laidlaw Volcanics derive their name from Laidlaw trig station, 1 

km we~t of Yass ~ 

Type locality 

No type locality can be designated until the geology of the unit in 

YASS is better understood. Our reconnaissance of the Laidlaw trig area suggests 

that this locality is not typical of much of the area of outc.rop of the Laidlaw 

Volcanics both north and south of Yass, so it'may not.be suitable as the type 

locality. 

Distribution 

The Laidlaw Volcanics occupy over 200 km
2 

in the east and northeast 
2 

of BRINDABELLA in two area3 of outcrop." The larger, about 185 km in area, 

forms a belt up to 10 km wide from the northeastern corner of the map southwards 

to the Ginnindera Creek area, where it is faulted against older volcanics .• 
r· 

Westwards '.;hiE' belt is terminated by the younger extrusive Mountain Creek 

Volcanics and intrusl ',..; Ginninderra Porphyry. Eastwards, the Laidlaw Volcanics 

extend for a short distance into CANBERRA (Henderson, 1975). Northwards the 

Laidlaw Volcanics extend into YASS. 
.· 2 

The smaller outcrop area ( abo,ut 20 km in BRINDABELJJA) is a triangle 
!' / 

lying east of the Cotter Resen-e, f30utheast of the Winslade Fault and northeast 

of the Murrumbidgee Fault. The Laidlaw Volcanics extend from this area into 

CANBERRA, where they occupy a considerable area in the southern part of Weston 

Creek and Tuggeranong and extend almost to Tharwa. 

/ 
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Petrography 

The Laidlaw Volcanics in BRINDABELLA are remarkably uniform in 

appea ranee and composition. They are formed almost exclusively <"'f a medi'.llTl grey 

rhyodacite, of which exposures are common- generally as rounded boulders up .to 

1 m high which weather to a thin light ·grey skin; fresh rock is gener·ally easy 

to obtain. Towards the base, in the east, they locally .1Jecome darker grey and 

finer-grained, and the groundmass forms a greater proportion of the l'ock. Other 

rock types are limited to an ashstone 0.5 km south of Vimy Ridge homestead (grid 

ref •. ?15138), ~nd a rhyolite, 1~.ost of which crops ~ut in CANBERRA, on the 

eastern border of the Sheet area northeast of Hillcrest (grid ref. 822120). 

In YASS, to the north, bedded tuff and volcaniclastic arenites form 

a significant proportion of the unit. Volcaniclastic sediments are also more 

common to the southeast, in the Tuggeranong area (CANBERRA). 

The rhyodacite contains quartz, labradorite, sanidine, biotite, and 

hypersthene phenocrysts in a cryptocrystalline groundmass which may show 

eutaxitic layering. The phenocrysts generally form between 30 and 50% of the 

rock; on average, quartz forms about 40%, plagioclase usually slig~tly less . 

(about 35%), biotite about 10-15%, hypersthene ~bout 5-10%, and, sa~idine up t~· 

5%~ 
. ' 

Quartz • occurs as anhedral to euhedral .. grains, . commonly em bayed and 

showing no sign of undulose Bxtinction. These l:tre commonly less than 3 mm in 

diameter, but may reach 5 mm. ·Plagioclase forms subhedral to euhedral grains, 

up to 3 mm, which are usually strongly oscillatorily zoned. Composition is in 

the labradorite range; the cores have an anorthite content of up to 70%. 

Generally zoning is from An in the core to An on the rims of crystals. 
65 40 

Many grains are angular in shape and were obviously derived by the disruption 

of large euhedral crystals. : The larger grains of sanidine, which may be up to 2 

mm across, are generally angular fragments, whereas the smaller· grains are . o.fteri. 

subhedral· or euhedral. Alteration of sanidine is generally slight; where 

present, it is faint, patchy, brownish, and turgid. 



M156 

Biotite and hypersthene are the only two ferromagnesian minerals 

present. Biotite is often unaltered or only partly altered, and forms subhedral 

to euhedral flakesr up to 2 rnrn long, which are pleochroic from X =very pale 

yellow-brown to Y = ~ = bright red-brown. Hypersthene is normally altered to 

chlorite plus iron oxides and quartz, but in places, particularly in the south 

near Ginninderra Creek and Surveyors Hill, cores of fresh hypersthene remain. 

These occurrences have pro-vided valuable information on the style of alteration 

of hypersthene in acid volcanic rocks, and have assisted in the identification 

of completely altered hypersthene. The crystals are usually subhedral with 

rather rounded appearance, but euhedral basal sections or elongate sections 

occur in places. When fresh the hypersthene is faintly pleochroic (X = very 
0 

pale pink, Z =very pale green), has 2V ~55 , and appears to be unzoned. 
X 

Accessory minerals include zircon, allanite, and magnetite. Allanite, 

a rare-earth-bearing iron epidote, occurs in over half of the thin sections as 

either angular fragments or euhedral crystals ger.terally lt.~ss than 0.25 mm 

though :care elongate crystals may be up to 0.5 mm long. Some of the allanite 

in the Laidlaw· Volcanics appears to be in the metamict state owing to the . 

destruction of its crystalline structure by alpha-particle bombardment from 

radioactive elements in the mineral. Many crystals are surrounded by a dark 

halo due to the same process. The allanite varies from olive-green to yellow-, . . 

brown or'dark brown in plane light, and often shows oscillatory zoning. A 

qualitative electron-microprobe study of a sample from the Tuggeranong se~erage 

tunnel (CANBERRA) showed that appreciable amounts of cerium and thorium are 

present, together with yttrium, lanthanum, neodymium, and samarium. This 

occurrence of allanite in the Laidlaw Volcanics is of particular interest• since 

it has only rarely been reported from acid volcanics, principally from the 

western USA, and never from the Lachlan Fold Belt. The only other units in 

BRINDABELLA in which allanite has been identified are the Uriarra Volcanics and 

Ginninderra Porphyry, within ~lich it is much rarer. l' ( ., 
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Rock fragments are in general rare in the Laidlaw Volcanics, hut at 

some localities, such as the falls on Mullion Creek (grid ref. 727118), 

xenoliths up to 5 em of a dark reddish porphyry consisting of quartz, albite, 

and biotite in a red fine-grained groundmass and resemblin~- the Ginninderra 

Porphyry are common. Similar xenoliths at Red Rocks Gorge on the Murrumbidgee 

River (CANBERRA, grid ref.· 860788) are up to 30 em; a xenolith of leucogranite 

was also found at this locality. Other rock fragments in the Laidlaw Volcanics 

are limited to occasional grains of dacite, usually less than 4 mm, similar in 

general appearancP- to the enclosing rock. They never form more than 1% of the 

total rock, and usually form much less. 

r::he groundmass of the Laidlaw Volcanics is usually microcrystalline, 

structureless, and composed mainly of quartz and potash feldspar (demonstrated 

by staining). Rocks with well-developed eutaxitic layering and perlitic 

cracking are common, and all stages of devitrification, with resultant 

destruction of the layering, are evident. 

Thickness 

'rhe lack of structural information in the Laidlaw Volcanics in 

BRINDABBLLA precludes an accurate estimation of their thickness. If the unit 

is assumed to be horizontal a thickness of at least 340 m is suggested by the 

difference in altitude between the top of tha Surveyors Hill and the 

Murrumbidgee River. If only gentle dips are assumed, then the thickness must 
0 

be at least 500 m, but since the observed dips are all over 15 a thickness 

approaching 1000 m :is possible. 

The thickness in YASS appears to be variable: Link's map in Link & 

Druce (1972) indicates that 2 km south of Yass the unit thins to about 200m, 

whereas north of Yass it appears to be around 1000 m thick • 

. Depositional envir<!IE!l_Qnt 

The presence of eutaxitic layering in the groundmass, partly destro'Yed '' 

at most localities but well preserved at some, indicates that the Laidlaw 

Volcanics were deposited as a result of ignimbrite activity. The remarkably 

uniform lithology and the absence of water-laid sediments and ashstones 

throughout BRINDABgLLA suggest that the volcanics erupted over a short time 

span, and that they acted essentially as one cooling unit. 
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Age and relations 

In the Yass area the Lai.dlaw Volc~nics crop out hetween the Yass an.d 

Silverdale Formations, both fossiliferous sedimentary units. The volcanics have 

traditionally been considered to be part of a conformable sequence, but our 

reconnaissanee of the area suggests that this may not be so, and that erosional 

breaks may be present. However, the sequence does provide good age control for 

the volcanics. Link & Druce (1972) put forward evidence that both the Yass 

Furmation and the lower part of the Silverdale Formation are of early Ludlovian 
I ' ._, ·i ' 

age. Therefore, even if erosional breaks are present, the Laidlaw Volcanics 

must also be of early Ludlovian age. 

In BRINDABELLA the Laidlaw Volcanics occupy a similar stratigraphic 

position, resting on the Yass Formation in the northeast corner and on the.Glen 

Bower Formation near Mount Boambolo. However, the Silverdale Formation does 

not crop out in BRINDABELLA, either because it was not deposited or because it 

was subsequently eroded, and the volcanics are overlain unconformably by the 

Lower Devonian Mountain Creek Volcanics. The Laidlaw Volcanics are also 

intruded by the Ginninderra Porphyry towards the southwest. 

The relation between the Uriarra Volcanics and the Laidlaw Volcanics 

is uncertain. One possibility is that the Uriarra Volcanics are slightly 

you!lRer.than the Laidlaw Volcanics; in the southern part o!' YASS, north of 

Mount Boamb0lo, an area of reddish agglomerate and airfall tuff, bearing a close 

resemblance both in the field and in thin section to the Uriarra Volcanics, 

rests on top of the Laidlaw Volcanics, possibly conformably; as the Uriarra 

Volcanics rest on the Walker Volcanics (which are older than the Laidlaw 

Volcanics) in the Uriarra Forest area, this interpretation presupposes that the 

Laidlaw Volcanics were either not deposited in this area or were eroded before 

the Uriarra Volcanics erupted. A possible alternative interpretation is that 

the Laidlaw Volcanics are younger than the Uriarra Volcanics, but no volcanics 

of Uriarra type are known to crop out underneath the Laidlaw Volcanics. A third 

possibility is that the two units are contemporaneous, and represent different 

styles of eruption, the Uriarra Volcanics being airfall tuffs and the Laidlaw 

Volcanics ignimbrites~ The· similar 'chemist:r-y and .mineralegy of the two units, 
' '._ ' ' 
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in particular the occurrence of allanite, supports this interpretation, which 

eliminates the need for periods of. erosion before one or the other unit was 

deposited. Further work in YASS may indicate which is the most likely 

interpretation. 

· Uriarra Volcanics 

Nomenclature 

Malcolm ( 1 954) introduced the name Uriarra Volcanics to include four 

members, the Walker, ·rarpaulin Creek Ashstone, Swamp Creek, and Vanity Members. 

We have recognised significant petrographic and geochemical differences between 

the Walker Member and the remaining units, and have therefore made the vlalker 

Member a separate formation, the Walker Volcanics .. Further, we have found no 

lithological difference between Malcolm's Va11ity and Swamp Creek Members, and so 

have dropped both these names,, Instead we propose that rocks previously placed 

in these two units be known simply ~s the Uriarra Volcanics, and that the 

Tarpaulin Creek Ashstone be retained as a member of the Uriarra Volcanics - at 

the base of the sequence. 

Derivation of name 

We assume that Malcolm (1954) named the unit after Uriar.,...a homestead. 

Type locali.E£ 

Malcolm named the Uriai'ra hom~stead/Uriarra Forestry Settlement area 

as the type area of the Uriarra Volcanics. Unfortunately this is an area of 

poor exposure. We therefore propose a type section for the Uriarra Volcanics on 

Uriarra Creek, from grid reference 754962 to 750957, where the creek has cut a 

small gorge. At the lower end of this gorge (grid ref. 54962) the Tarpaulin 

Creek Ashstone Member, about 6 m thick, rests on purple garnet-bearing dacite of 

the Walker Volcanics, and is overlain by rhyodacitic tuff of the Uriarra 
(, : 

Volcanics, which forms the main part of the gorge. About 150 m of the Uriarra 

Volcanics is exposed in this section. 
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Distribution 

The Uriarra Volcanics crop out over about 45 km
2 

of BRINDABELLA, 

where they occupy a north-south belt about 17 km long and 2 to 4 km wide between 

the Vanity Crossing area on the Cotter River and Tinkers Creek. 

Petrography 

The UriarJ.'a Volcanics generally form good fresh exposures of rounded 

boulders up to 1 m or more in diameter, but locally, where jointing is strongly 

developed as around Uriarra homestead, exposures may be poor and rubbly. The 

rock is generally pink when fresh, and has a thin grey skin when weathered. A 

rather indistinct bedding is often visible in good exposures, especially low in 

the sequence (such as in the type locality). 

The Uriarra Volcanics are mainly rhyodacitic tuffs with the composition 

quartz-albite-sanidine ~biotite~ hypersthene, and usually with numerous 

xenoliths of volcanic rock. Much of the tuff is thought to be airfall tuff, 

with some ignimbrite higher in the sequence. 

The airfall tuffs are notable for their hi5h phenocryst content, 

typically between 60 and 80% of the rock, in contrast to the ignimbrites, in 

which phenocrysts commonly form only 30 to 40% of the rock. Quartz and 

feldspar, which form the bulk of the phenocrysts, are fairly well sorted in 

individual samples with a surprisingly even grainsize. Quartz is generally 

anhedral to subhedral, rarely embayed, and under polarised light often shows 

some evidemce of strain. Grainsize in different sample!3 commonly ranges from 

1 to 6 mm. Albite, which is often more common than quartz as a phenocryst, is 

generally subhedral, and is thought to have resulted from the postdepositional 

albitisation of more calcic plagioclase. Sanidine is always present, and is 

often common in the airfall tuffs, in which it forms up to 20%. of the 

phenocrysts; its rather angular anhedral crystals, of similar size to other 

phen~crysts in the rock, may be virtually unaltered, but often.show a brownish 

turgid alteration, and have the characteristic low 2V. The alkali feldspar in 

some rocks has unmixed to form perthite, in which the albite end-member 

( 
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generally fonns less than half but constitutes 50% in a rock from grid reference 

719897· 

Biotite is present in most samples, though never forms more than 5% 

of the phenocrysts; it is always partly or completely altered to chlorite, and 

is much smaller than other phenocrysts, usually less than 1 mm long. 

Hypersthene, which is present in places, is always altered to chlorite, opaq'?-es, 

and quartz, and never forms more than 2% of the phenocrysts. Other accessory 

minerals are ubiquitous apatite and zircon, and allanite, which is present in 

about 20% of the thin sections. 

The occurrence of allanite is of particular interest since it has 

rarely been reported from acid volcanics, and never before from the Lachlan Fold 

Belt. Allanite, which is a member of the epidote group rich in rare-earth 

elements, occurs as small euhedral phenocrysts up to 0.25 mm. It is light to 

dark brown or grey in colour, sometimes slightly pleochro1c, has high relit~f, 

and is commonly surrounded by a halo in the groundmass resulting from the 

disintegration of radioactive elements in the mineral. An additional point of 

interest is that we have also found allanite in many samples f~om the Laidlaw 

Volcanics, suggesting that the two units may be related. 

A feature of the Uriarra Volcanics, and the Laidlaw Volcanics too, is 

that cordierite and garnet are completely absent., in contrast to their constant 

presence in the Walker Volcanics. 

Rock fragments are a common component of the airfall tuffs in the 

Uriarra Volcanics. They are almost invariably of volcanic origin; 

volcaniclastic sediments are rare. Rock types include andesitic, dacitic, and 

rhyodacitic lava and tuff, and ashstone. Fragments are usually of similar size 

to the crystals in the rock, or sometimes slightly bigger, reaching a maximum 

size of about 10 mm. 

Ignimbrites are thought to be present at some levels high in the 

Uriarra Volcanics. Their mineralogy is similar to that in the airfall tuffs, 

but they have fewer phenocrysts (commonly less than 40%), and quartz is often 

embayed. Rock fragments are also less common in the ignimbrites than in the 

airfall tuffs. One sample (from grid ref. 721900) has unaltered zoned 

plagioclase with the composition An to An , but all other samples have 
55 40 

albitised plagioclase. Few of the ignimbrites have any indication of eutaxitic 

layering in the groundmass; when present it is always highly altered and 

indistinct. 
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Ashstone crops out in places in the Uriarra Volcanics, but is 

surprisingly rare for a sequence in which airfall tu1·f predominates. Poor 

preservation of the ashstone may partly account for its apparent scarcity. Only 

one ashstone is persistent enough to map: the Tarpaulin Creek Ashstone Member 

at the base of the Uriarra Volcanics. 

T~rpaulin Creek Ashstone Member 

The Tarpaulin Creek Ashstone Member is a thin persistent ashstone which 

forms the base of the U~iarra Volcanics along its entire eastern boundary, a 

strike di3tance of about 17 km. Malcolm (1954) named it after Tarpaulin Creek, 

which flows from the Uriarra Forestry Settlement northwards to the Murrumbidgee 

River. It has its type section in Uriarra Cre8k, at the type section for the 

Uriarra Volcanics (grid ref. 754962). 

It crops out poorly in the field, except in creeks and road-cuttings, 

but rubbly float is common and facilitat!3s the mapping of its distribution. 

In hand specimen it is dark grey to maroon, weathering easi: y to light brown 

or cream, and generally aphyl1 ic, though plagioclase phenocrysts are scattered 

through it in places. It varies from massive to well bedded in outcrop, but 

is generally only moderately bedded. 

In thin section it comprises up to 25% of small (0.1 mm) angular 

fragments of quartz and albite, and minor apatite, zircon, and a mafic mineral 

al t;ered to chlorite, in a microcrystal line groundmass. Some samples have larger 

scattered phenocrysts of angular quartz and albite up to 1.5 mm. Many of the 

more elongate microphenocrysts are aligned parallel to the bedding, reflecting 

their original depositional atitude rather than a subsequent foliation. 

Staining has shown the groundmass to be composed of quartz, albite, and potash 

feldspar. 

The Tarpaulin Creek Ashstone Member ranges in thickness from 2 m at 

grid reference 758980 to over 10 m at several localities (e.g., at grid ref. 

753946). At grid reference 758980 it ranges in thickness from 6 m to 2m over a 

distance of about 100m, possibly reflecting some postdepositional erosion 

before the overlying coarser tuffs accumulated. 
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Other ashstanes higher in the Uriarra Volcanics, though similar 

petrographically to i;he Tarpaulin Creek Ashstone Member, cannot be traced 

laterally for any significant distance. 

Environment of depOl3i tion 

The Uriarra Volcanicc are thought to ha'Je been deposited entirely in 

a subaerial environmEmt, since evidence of water-laid deposits is lacking. 

Further, airfall tuff rather than ignimbrite is thought to dominate the 

sequence. The two tJrpes of tuff are distinguished by the greater abundance of 

phenocrysts, better sorting, and lack •)f embayed quartz crystals in the airfall 

tuffs; in addition, the airfall tuffs often show rather indistiPct bedding in 

good outcrops, whereas the ignimbrites are always massive. The presence of 

indistinct rather than well-defined bedding structures in airfall tuff 

charact8rises deposits formed either close to a vent or by repeated closely 

spaced blasts from a vent (Fuchtbauer, 1974). Since agglomerates are not 

apparent in the Uriarra Volcanics, the lack of well-defined bedding J.n the 

airfall tuff is considered to be due to the latter. 

Thickness 

The exposed thickness of the Uriarra Volcanics is probably 2000 m -

a minimum value because their western (upper) boundary is either faulted or 

overlain unconformably by the Mountain Creek Volcanics. 

Relations 

The Uriarra Volcanics rest on an eroded land surface, probably of low 

relief, developed on the Walker Volcc:.nics. The unconformity between them can 

at the most be of a very low-angle, since the two units have a similar 

structural attitude. The Uriarra Vo1canics are overlain with angular 

unconformity by the Lol':er Devonian Mountain Creek Volcanics along almost half 

of their western boundary. 

The relation between the Uriarra Volcanics and the Laidlaw Volcanics, 

is uncertain (see under Age and relations, Laidlaw Volcanics). 
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The stratigraphic evidence for the age of the Uriarra Volcanics places 

them between the Walker Volcanics (late Wenlockian) and the Mountain Creek 

Volcanics (Early Devonian). Until their relation with the lower Ludlovian 

Laidlaw Volcanics is clarified, their exact age must i, remain .iri doubt, but would 

appear most likRly to be ?early Ludlovian. 

Unnamed Silurian volcanics 

Two units of Silurian acid volcanics which crop out in .BRINDABEJLLA have 

been left unnamed. For one a proper understanding of its age and relations must 

await further work in CANBERRA. A tunnel driven through the other during ,.1978 

will provide much more information to supplement what little we. know about it 

at present. 

The smaller of i;he two areas (Sv ) covers about 1 km
2 

on the 
2 

northern slopes of Mount Stromlo (CANBERRA);. it is bounded to th'e north by the 

Winslade Fault, and is overlain in the south by the Laidlaw Volcanics. The unit 

appears to comprise mainly volcaniclastic water-laid nediment, possibly with 

some minor ashstone. These sediments appea,r to form part of a thick sequence 

of volcanic rocks which crop out in the Weston Creek/Woden area (CANBERRA), 

above· the Yarral umla Formation. Strusz & Henderson ( 1971 ) included .. 

these volcanics in the Deakin Volcanics, but i·Ienderson (1975) has since 
' ,. 

suggested that the name Deakin Volcanics be restricted to volcanics underlying 
,_ \. 

the Yarralumla Formation, and that volcanics overlying the Yarralumla Formati.on 

remain unnamed until their stratigraphy is·:·better understood. 
. . • .. · ,>2 \ • I 

The other unit ( Sv ) covers about 7 lan around Belconnen homestead, 
1 ' . 

and appears to be conformablE3 beneath the Walker Volcanics. It ~~~ends' into 

CANBERRA, but its relations with units to the east are uncertain!, at present. 

A· ~1ajor sewerage tunnel, the Ginninderra sewerage tunnel, was driven through 

the unit 

we have 

of Sv • 
1 

during 1978; as this will add much 
(, 

new information about the unit, 

left it unnamed in our study. 

Lang & Purcell ( 1 976) have rec~ntly duscr1bed the litholo'g:y of part 

Volcaniclastic sediments predom':Lnate in the upper and lower parts 

of tl.e unit, and daci tic tuff predominates in the middle. Sediments range from • 

muds tone to coarse sands tone. The coe,rser J:oc ks,. w·hich have been examined 

petrographically, consist of a variable proportion of rcunded quartz grains up 
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to 2 rnm, volcanic rock fragments, minor plagioclase, and, in place.~, garr;et as 

detrital grains. Sorting is variable, and appears to' be generally better in 

the quartz-rich sediments. 

The dacitic tuff contains quartz, plagioclase (generally albite, in 

places andesine:~), biotite, cordierite, garnet, and volcanic rock fragments. 

Bioti r;e in some samples is fresh, but cordieri te is always al ter?.d to chlorite. 

Phenocrysts form up to 60% of the rock. 

Drill core described by Lang & Purcell '( 1.976) from along the proposed 

line of the ~ewerage tunnel includes welded tuff,, siruilar to tha·; described 

above, grading in.to reworked volcaniclastic sandsto,ne and shale. Scour-and-fill 

structures may be present near .the top of a bed, ard the succeeding dacite flow 

may contain crmtorted shale clasts up t') 1 m~ 

Kellys Plain Volcanic~ 

Nomenclature 

Newberry ( 1956) propo,sed ){;he name Kellys Plain Dacite for a quartz

feldspar porphyry that crops out on Kellys Plain, . 3 km southwest of Tantangara 

Dam, and on Smiths Range (grid ref. 480380) to the north~ He r~cbgnised the ~· 

extrusive nature of the unit, which had previuusly been mapped by· Ivanac & 

Glover ( i 949) and Walpole ( 1952) as an unnamed intrusive. Stevens ( 1958b) first 
. ' . . 

published the name; and described. its occurrence in the Cooleman and Currango 

Plains areas. In the second edition of the Canberra 1:250 000 geological map, 

Best'· & others ( 1 964) referred. to the unit as the Keilys Plain Porphyry, which 

Pacld1am (1969) retained. Be in ( 1968) described the unit in rdetail between 

Kellys Plain and the southern edge of Currango Plain, and called it the Kellys 

Plain Beds. 

As the unit is entirelyvolcanic- mainly dacite and rhyodacite- we· 

.have pl:-'opost3d . the name Kel:i.y.s Plain Volcanics. 

Derivation of name 

The unit is named, after Kellys Plain, about 3 km' southwest of 

Tantangara Dam. 
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Type locality 

As no type locality has been named, we propose that the large disused 

quarry at Traces Knob (grid ref. 489366, 1500 m southwest of Tantangara Dam) 

be consid~red the type locality (Fig. M11 ). About 25m of fresh massive dark 

bluish quartz-feldspar porphyry, typical ofmuch of the Kellys Plain Volcanics 

in the southern part of the outcrop, is exposed in this quarry. It is the only 

artificial exposure of the Kellys Plain;, Volcanics, and, as such, is also one 

of the few localities where unweathered rock is e:x:posed. 

Distribution 

The Kellys Plain Volcanics have a continuous outcrop from the Nungar 

Creek valley to the lower Peppercorn Creek valley - a distance of 35 kln. From 

the Nungar Creek valley,the volcanics crop out in a belt widening gradually to 

the north. Extensive boulder outcrops are present on Smiths Range (g:rid ref.· 

480380) and Kellys Plain. North-of the ·Murrumbidgee River the volcanics crop 

out over much of the floor of Tantangara Reservoir, and mont of Currango Plain, 

where the outcrop is 10 km wide. From Currango Plain the main area of outcrop 

trends northwest to Skains Hill, and extends as far as the eastern edge of Long 

Plain. From Skains Hill the main outcrop narrows considerably and trends 

northeast along the Cooleman Mountains into the lower Peppercorn Greek and· 

Tinpot Creek valleys. In addition, the Kellys Plain Volcanics crop out in a 

faulted belt extending from the northeastern edge of Currango Plain along Pocket 

Creek as far as Rolling Ground Ridge. 

Lithology 

The unit comprises several different li ~hologies, whose boundaries, 

however, are not mappable. The most cornm:on variety, a dacite, and the one 

present at Traces Knob quarry, ,~s a quartz-plagioclase-bioti te-cordieri te 
/; / I I 

porphyry with a dark blue-grey groundmass. The' rock crops out as .. abundant large 

tors and boulders up to 4 m - ·t;he typical outcrop of,,all rock typE3s of the 

Kellys Plain Volcanics. The pale brown weathered surface is generally encrusted 

with rounded or bipyramidal quartz phenocrysts up to 6 mm in diameter, and less 

common pale. green feldspar crystals to 10 mm; the cordieri te is evident in hmid 

specimens as rounded to euhedral dark green ( chlori tised) prisms mostly around 2 
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to 4 mm. This dark blue-grey porphyritic dacite crops out along the eastern 

side of Smiths Range (grid ref. 480380) and extends northward to form most of 

the outcrops on Currango Plain and·in the Skains Hill and Cooleman Mountains 

areas. West of Smiths Range and in the lower Nungar Creek valley, the lithology 

is similar except that the groundmass is a distinct purple to purple-:blue, and 

phenocrysts are less common, especially cordierite, which is rare. Lighter 

porphyritic quartz-plagioclase-biotite dacite is scattered thr;ough the areas 

of outcrop of the dark blue-grey variety, especially 1 to 2 km east-northeast 

of Port Phillip Gap (grid ref. 453482) and on the ridge between Tinpot Creek 

and Peppercorn Creek. 

Lighter' purple and cream porphyries crop out along the crest of Smiths 

Range, east of the Tantangara Fault near Currango, in outliers on Long Plain 

west and northwest of Cooinbil, and in the faulted block north of Pocket Saddle. 

Unlike the porphyries described above, these contain alkali feldspar phenocrysts 

in addition to or instead of plagioclase phenocrysts, and are thus rhyodacites 

and rhyolites. The alkali '·feldspar phenocrysts are mostly white and similar 

to plagioclase phenocrysts in hand specimen, but in some samples are pale pink. 
,, 

Depositional structures are widespread south of but rare north of' 

Currango Plain. Columnar jointing is common, especially in the lowe.r Nungar 

Creek valley and on Currango Plain - for example, on the east bank of Nungar 

Creek at grid reference 477406 (Fig. M22) and on Currango Plain at grid 

reference 504498, 600 m north of Old Currango. The columns are up to 2.5 m long 

and 150 rnm in cross-section, and have four to seven sides. The dip of the 
0 

cooling surface indicated by the columnar jointing is generally less than 15 

and almost always to the east. 

Bedding, generally dipping east at 15° to 30?, is also common, 

especially south of the Murrumbidgee River, and generally consists of 

alternating quartz-riel: and feldspar-rich layers, about 10 mm thick, which are 

emphasised by weathering. The bedding attitude of alternating light arl.d' dark 

grey bands 5 to 50 rnm thick at gr1d reference 480366 varies considerably, 
0 

apparently due to slumping; some of the dips are as much as 80 • These 

bedded tuffs are almost certainly air fall tuffs ( Fuchtbauer, 197 4). 
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Agglomeratic porphyry is widespread along the western side of the 

Kellys Plain Volcanics from Currango Plain southwards. An excellent example is 

on the west shore of Tantangara Reservoir at grid reference 490398, where 

rounded to angular fragments of quartz-feldspar-biotite porphyry 10 to 500 mm in 

diameter are enclosed in a porphyry with similar phenocrysts but darker matrix 

(Fig. M23). Elsewhere, a porphyry matrix encloses xeholi ths of the· underlying 

Ordovician and Silurian sediments, and at grid reference 503469 a tuffaceous 

matrix encloses angular fragments of chert, basal tic volcanics, quartzite, 

shale, and limestone. 

Petrography 

We have examined over 80 thin sections of the Kellys Plain Volcanics. 

Their groundmasses are similar to those in samples of the Goobarragandra 

Volcanics. Unwelded ignimbri tic textures such as undeformed glass shards and 

perlitic structures are common, but in most samples an even-textured groundmass 

with no eutaxitic layering comprises patch spherulites or microgranitic quartz 

and feldspar; these features probably result from the devi trifica tion of welded 

glass. Eutaxi tic layering is uncommon, and so too . is the subtrachytic flow

alignment of microlites, which is evident in only one thin section (from grid 

ref. 481377) where the microlites are albite laths up to 0.2.x 0.03 mm. In a 

few samples, graphic intergrowths of quartz and feldspar surround quartz 

phenocrysts; the later quartz is in optical.continuity with the phenocryst it 

surrounds. 

Most of the Kellys Plain Volcanics can be divided j_nto two groups 

according to the alkali feldspar phenocryst content: those containing quartz 

and plagioclase phenocrysts~ and the lighter porphyries containing quartz and 

alkali feldspar phenocrysts with or without plagioclase. The lighter porphyries 

appear to be restricted in extent, and, at least on Smiths Range, overlie the 

darker volcanics. 
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Fig. M22. Columnar-jointed dacite in the Kellys Plain Volcanics near 
Nungar Creek at grid reference 477406. 

(GA/8093) 

Fig. M23. Agglomerate in the Kellys Plain Volcanics on the west 
shore of Tantangara Reservoir at grid reference 490398. 

(GA/8062) 
j 
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Group 1. Quartz and plagioclase but no alkali feldspar phenocrysts. 

Quartz is the most abundant phenocryst (up to 20%), commonly occurring as partly 

rounded or resorbed grains (mostly 3 to 4 mm) ·of beta-habit. 

Plagioclase is often as common as quartz, but rarely more so. This 

is in contrast to the Goobarragandra Volcanics, in which plagioclase is more 

common than quartz. The plagioclase is present as euhedral laths averaging 2 

mm; some crystals are broken, and part· of the grain is missing. In most 

samples the plagioclase has been albitised, but a few samples contain fresh 

plagioclase, commonly highly sericitised. This is invariably oscillatorily 

zoned, mostly around An to An , but in some samples Ari. to An 
0 

and 
30 40 20 3 

rarely as c·:tlcic as An to An Narrow al bi tic rims are uncommon, and 
55 65 

absent from the more calcic examples. 

Mafic phenocrysts range from 0 to 15% of a rock and are mostly altered, 

·but some samples show red-brown biotite (up to 8% but mostly around 3 to 5%) . . 

only. partly altered to talc, chlorite, opaques, and sphene •.. 

Cordierite, garnet, and hypersthene are also present in the,Kell~s 

Plain Volcaniqs. The garnet is rare; it is present only in outcrops· around 

grid reference 500430 and in a .sample from grid reference 509515. Hypersthene 

is more widespread and cordierite is abundant, but both minerals are completely 

altered - the hypersthene to opaques and a mat of green ?serpentine a:nd chlorite 

with a distinct first-order yellow birefringence, and the cordierite to.very 

fine-grained chlorite with lower birefringence than the hypersthene alteration 

products, and no opaques. Bot!1 minerals are commonly euhedral and 1 to 2 mm, 

but cordierite in a srunple from grid reference 489461 forms both euhedral equant 

prisms up to 4· mm and anhderal irregular ovoids of similar size. 

A petrographically interesting locality in the Kellys Plain Volcanics 

is at grid reference 499430. Here, garnet-bearing dacite from near the base 

of the volcanic sequence is hardly altered, and the types of alteration of the 

ferromagnesian minerals can be confidently assigned to particular original 

minerals. The rock contains about 15% partly resorbed subhedral beta~quartz 

phenocrysts up to 4 mm, and about 10% of euhedral laths .of ple:gioclase up to 

2 mm and o scilla to rily zoned from An to An 
65 55 

It also contains about 
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7% cordierite phenocrysts, some unaltered and others almost completely replaced 

by green chlorite and no other minerals. The cordierite phenocrysts, which are 

rarely simply twinned and have 2V 
X 

0 
= 80 , are of two types: euhedral squat 

prisms averaging 1 mm and mostly free of inclusions; and anhedral grains up 

to 3 mm and commonly containing large numbers of included minerals, such as 

rounded blebs of quartz about 0.02 rnm, elliptical plates of biotite with their 

long axes aligned, and minute rounded zircons with pale yellow pleochroic 

haloes. Some cordieri t.es r.:ontain sillimanite needles and associated green 

spinel octahedra. The 'sillimanite needles are up to 0.1 mm long and are aligned 

in a wavy or schistose pattern. The spinel is up to 0.03 mm and always 
0 

accompanies sillimanite, never quartz. Hypersthene {2V == 55 to 60 ) is 
' X 

also present (5%) as euhedral to somewhat rounded.crystals, about 2 mm, which 

range from fresh to completely altered to green chlorite and ?serpentine having 

a higher birefringence than the cordierite alteration product. The hypersthene 

is pleochroic from pale pink to pale green and commonly has inclusions of 
f 

opaques and rounded biotite; some grains have been partly pseudomorphed by 

biotite. Biotite phenocrysts (5%) occur as euhedral plates up'to 1~5 mm long 

and o. 5 mm thick; they are pleochroic from very pale yellow-broWn to bright 

red-brown, and have rims with abundant inclusions of opaques, suggesting that 

they were at some stage out of equilibrium with the groundmass. Minor ilmenite, 

zircon, and apatite are scattered through the rock. Garnet occurs as rare 

xenocrysts up to 10 rnm; these contain inclusions of plagioclase and,apatite 

and are s1.1rrounded by reaction rims 1 mm thick of a vermicular intergrowth of 

cordieri t• (dominant) and chlorite (probably after hypersthene) indicating the 

reaction: 

garnet + quartz cordierite + hypersthene. 

'l'his reaction rim is surrounded by an ?accreted rim of stumpy euhedral 
' :i 

labradorite and sea ttered biotite. Also present in the rock are cognate 

microxenoliths (5 to 10 mm) of oscillatorily zoned subhedral plagioclase, 

subhedral hypersthene (mostly altered), and uncommonly a little quartz, 
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cordieri te, and biotite. These microxenoli ths have a hypidiomorphic texture 

produced by interlocking plagioclase laths, and appear to be phenocrysts 

accreted into glomeroporphyritic groups rather than residual source material 

with a metamorphic texture. 

The mineral assemblage at this locality - quartz-labradorite

cordierite-biotite-hypersthene-garnet-sillimanite-spinel - is obviously not an 

equilibrium assemblage and indicates that the dacite or its source material, 

or both, has had a complex history in an environment which at some stage must 

have been at very high temperatures and very low water pressures ( granuli t.~ 

facies environment). Hensen & Green (1972) indicate that the reaction: 

spinel + quartz~ cordieri te + garnet + sillimanite 

0 I 

occurs under anhydrous conditions at around 1000 C, and Green (1976) produced 

orthopyroxene in equilibrium with a melt derived~ from a peli te composition plus 
0 . . 

5% H 0 at temperatures only above 900 C and pressures below about 7 kb. 
2 

Group 2.· Quartz and alkali feld~par phenocrysts. As with the group 

1 rocks, beta-quartz is the mo~t abundant phenocryst. Plagioclase (mostly 

albitised) when present is about as common as the alkali feldspar phenocrysts 

(3 to 5% each). The alkali feldspar is either subhedral orthoclase (2V 
X 0 

40-45 ) up to 2 mm, commonly containing perthite veins, or an unmixed 

= 

sanidine-orthoclase (now a patch mesoperthite) of similar size composed of about 

Or or Or Cordierite and biotite are both commonly present, but 
60-70 30-40 

hypersthene and garnet are apparently absent. 

Other rock types. At some localities (e.g., grid refs. 490418, 480366, 

and 484372) well-bedded volcanics interpreted as airfall tuffs comprise abundar.t 

(30%) angular and broken phenocrysts of quartz and less common albitised 

plagioclase in a groundmass of devitrified glass shards, spherulites, and 

chlorite. Rarely (e.g., at grid ref. 468349) the airfall tuffs contain no 

phenocrysts and consist entirely of poorly welded glass shards. 
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At grid reference 430571 an outlier of Kellys Plain Volcanics exposes 

rock composed of about 10% euhedral beta-quartz phenocrysts up to 4 mm, 10% 

altered euhedral cordierite phenocrysts up to 6 x 4 mm, and about 5% of euhedral 

white mica phenocrysts about 1 mm thick in a microgranitic groundmass with 

grainsize of about 0.03 mm. Plagioclase phenocrysts are completely absent. 

The white mica phenocrysts have common sphene inclusions and may be bleached 

biotite, but they appear more like primary muscovite flakes. 

Alteration. Much of the Kellys Plain Volcanics has suffered post

depositional alteration in the form of welding, devitrification, chloritisation, 

introduction of carbonate, and albitisation of plagioclase phenocrysts. Much 

of this proceeded immediately after deposition owing to water and heat trapped 

in the cooling units, '.mt some of it is probably due to low-grade burial 

metamorphism. Albitisation of plagioclase phenoc:•ysts is probably related to 

burial metamorphism, as fresh plagioclase appears t;o be concentrated into areas 

(e.g., Currango Plain, outliers on Long Plain, and the Nungar Creek valley west 

of Mount Nungar). The presence in some samples of patches of zeolites (probably 

mostly stilbite, as 2V is small) and veins of albite plus zeolites is also 
X 

probably due to burial metamorphism. 

A significant feature of the Kellys Plain Volcanics is the rarity of 

epidote. This contrasts with the Goobarragandra Volcanics, in which epidote 

is widespread as an alteration product. Apart from that the two volcanic units 

have similar chemistry and mineralogy, so the epidote must signify that the 

Goobarragandra Volcanics were subjected to. a higher degree of burial 

metamorphism than the Kellys Plain Volcanics. 

Field relations and ag~ 

The Kellys Plain Volcanics unconformably overlie Upper Ordovician to 

Upper Silurian rocks of the Temperance Formation, Nine Mile Volcanics, 

Tantangara Formation, Peppercorn Formation, Cooleman Limestone, Blue Wa terhole 

Formation, and Pocket Formation. 
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The contact of the volcanir!s with underlying rocks is exposed at two 

local i t.i.es in the Nungar Creek valley. In the south, at grid reference 466341 , 

a tuff layer about 2 m thick rests unconformably on cleaved siliceous mudstone 

of the Tantangara Formation, and is overlain by about 10 m of pale brown tuff; 
0 0 

the cont~ct dips east at 10 with a strike of 015 • Farther north, on the 

west side of Smiths Range at grid reference 476395, dacite tuff rests 

unconformably on cleaved dark grey mud stone of the Peppercorn Formation, the 
0 

contact dipping 35 due east; small (up to 10 mm) angular fragments of the 

underlying mudstone have been caught up in the basal 30 mm of the dacite. 

The land surface upon which the Kellys Plain Volcanics were deposited 

appears to have been irregular. I1:liers of cleaved Tantangara Formation and 

Peppercorn Formation are common, especially from Currangc Plain SO'.! "'uh to the 

northern end of Smiths Range. In most places, the sedimentar;y rocks forming 

these inliers appear to be extensively silicified. A relief of at least 50 m 

is suggested by inliers of Peppercorn Formation in the upper Mosquito Creek 

valley. 

The relation between the Kellys Plain Volcanics and the Rolling Grounds 

Latite in the Cooleman Plain area is unclear from direct field evidence as the 

two units are not in contact. However, geochemical and petrographic data 

suggest that the Kelly Plain Volcanics are the older. The Rolling Grounds 

Latite is closely related to the Coolamine Igneous Complex, which is probably 

its intrusive equivalent and intrudes the Kellys Plain Volcanics. The Kellys 

Plain Volcanics, then, are almost certainly older than the Rolling Gro·,md s 

Latite. As the Rolling Grounds Latite is almost certainly of Lochkovian (Early 

Devonian) age, the Kellys Plain Volcanics must be of early Lochkovian or 

possibly late Pridolian (Late Silurian) age. 

The unconformity beneath the Kellys Plain Volcanics can be ccrrelated 

with that beneath the Snowy River Volcanics in JACOBS RIVER, to the south 

(Talent, 1965), and the disconformity beneath the Sharpeningstone Conglomerate 

in YASS, to the north (Link~ 1970). Link has precisely dated the disconformity 

in the north as early Lochkovian; if this disconformity (representing the 

'Bowning Orogeny' of earlier writers) is the same age as the unconformity 

beneath the Kellys Plain Volcanics, the Kellys Plain Volcanics can be no older 

than Lochkovian. 
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'rhicknr~ss 

As the Kellys Plain Volcanics accumulated on an irregular land surface, 

the thickness of the unit is probably quite variable. In the area of Skains 

Hill the t1:.ickness is about 300 m, and on Smiths Range, in the south, if a 

gentle dip to the east is assumed the thickness is about 150 m; both are 

minimum thicknesses as unknown amounts have been removed by subsP-quent erosion. 

Rolling Grounds Latite 

Nomenclature 

Stevens (1958b, p. 254) gave the name Rolling Grounds Andesite to a 

series of augite-bearing 'andesites' on Rolling Ground Ridge and Cooleman Plain. 

He had previously used the name in a SMHA report (Stevens, 1957). Earlier, 

Walpole (1952) had mapped the unit as an unnamed intrusive porphyry. On the 

second-edition Canburra 1:250 000 geological map, Best & others (1964) included 

'andesite' in the Kellys Plain Volcanics (the Rolling Ground Ridge outcrops) 

or Mountain Creek Vol.'::anics (the Cooleman Plain outcrops) • We have changed the 

name to Rolling Grounds Latite because the rock has roughly equal amounts of 

plagioclase and potash feldspars. 

Dc•rivation of name 

The unit dr:ri ves its name from Rolling Ground Ridge, which rises 

eastward from the junction of Cave Creek and the Goodradigbee River. 

Type locality 

As Stevens (1958b) designated no type locality, we have designated the 

1rea on Rolling Ground Ridge (at grid ref. 574?60) a1 the type locality of the 

Rolling Grounds Lati te. At this locality, lavas wi tll poorly developed columnar 

jointing form low rubbly exposures. 
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Distribution 

The main outcrop of the Rolling Grot~nd s If.i ti te is on Rolling Ground 

Ridg.:1. Other outcrops include disconnected emall areas on Cooleman Plain south 

of Coolamine, a lar~e area trending northeast from Coolamine as far as the Mount 

Black Fault, and a narrow elongate belt abou.t 7 km lone by 0.5 to 0.75 km wide 

extending from the northwest side of Mount Jackson north·-northeast along McLeods 

Ridge. 

Lithology 

The Rolling Grounds La ti te mostly consists of dark green to grey lavE, 

of andesi tic composition. Several tuffaceous rocks of more acid composition 

are associated with the latite. 

The latite comprises dark green pyroxene phenocrysts up to 3 mm long, 

and rarer pale green feldspar phenocrysts up to 4 mrn long, in a very dark green 

or grey groundmans. Exposed surfaces have a thin (2 to 4 mm) brown weathered 

crust with a rough surface texture. 

The feldspar phenocrysts are commonly embayed and strongly altered, 

generally making identification impossible, but specimens from north of Mount 

Jackson contain plagioclase of labradorite cornposi tion. Augite ( 2V = 40-
o z 

45 ) occurs as common (10-15%) euhedral phenocrysts up to ~ mm and embayed 

grains up to 3 mm· ' the grains are colourless to very pale green and are 

unaltered, though in specimens from north of Hount Jackson the augite is 

completely uralitised. Minor exsolution lamellae parallel to (100) are common 

in the augite. Phenocrysts of a co~pletely altered mineral of pyroxene habit 

are slightly less common; its alteration - to chlo~ite and talc - resembles 

that of orthopyrox~ne in the Coolamine Igneous Complex, so it is almost certain 

that the t:U. terecl phenocL·,y-sts were originally orthopyroxene. Stevens ( 1 958b) 

and Legg (1968) reported quartz as rare phenocrysts, bu~ the ~nly quartz that 

we observed was s fel·T grains up tv 0.3 mm- possibly alteration products rqther 

than pheno~rysts - in the groundmass of a sample from north of Mount Jackson 

(grid ref. 547658). Pyrite, which is common in thE': latite north of Mount 

Jackson, consi ti tutes abo~t 5% of R sample from grid r9ferenee 545654, in which 

it forms irregular grains les,·. than 0.1 mm, and euhedral grains up to 0.3 mm 

in clusters of six or more. 
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The groundmass of the lati te i~l ex: tremely fine-grained and only small 

feldspar laths, commonly roughly aligned: and with flow tendency around 
'•j 

phenocrysts, are visible. Staining with sodium cobaltinitrite and sodium 

thiocyanate indicates roughly eq_ual amounts of both alkali feldspar and 

plagioclase in the gro1mdmcss.. X-ray. diffractometry indicates that the alkali 

feldspar' is sanidine antl must be of high-ternperatur·e magmatic origin. 

Relations and age 

The Rolling Grounds Latite unconformably overlies the Upper, Silurian 

Cool~man Limestone and Blue Waterhole Formation, and :is therefore no older than 

latest Silurian. It conformably underlies the Motmtai!'l Creek Volcanics north 

of Mount Jackson and on Rolling Ground Ridge. As the Mountain'· Creek Volcanics 

are conformably overlain by Lo\ver Devonian limestone, and are i.,mconforrnably 
' ' ,· : ~ ' ' 

underlain by Upper Silurian rocks near Wee Jasper (Pedder, Jackson, & Philip, 

1970. p •. 2'07) and probably by lowest Devonian strata at 'Bowning in Y/ISS (Link, 

1 970), an Early Devonian age for the Rolling Grounds La ti te is almost certain.: 

The relt':ltian: between the Rolling Grounds La.ti te and the overlying 

Mountain Creek Volcanics is cc.J.plex. North of r:;ount Jackson they appear to be 

con;forrnable, bv.t ;:i.r! the GoJd1.a:digbee valley the Mountain .Creek Volcanics 

directly cverlie the Blue Waterhole ];ormation, and the Rolling Grounds L.9.ti te 

is absent. The lati te probab.ly forms a conformable wedge which thins towards 

the east. 

The relation betw~en the. Rolling Grounds La ti te and the Kellys Plain 

Volcanics is uncertain from. field evidence, though a two-pyroxene .~ndesi te dyke 

similar to the Rolling Grounds lati te intrudes the Kellys Plain Volcanics at 

grid refer:ence 472353. We consider that the Rolling Grounds Latite is younger 

than the Kell::;.-s Plain Volcani0s as it is chemically similar to the Coolamine 

Igneous Complex, which intrudes the Kellys Plain Volcanics. 

The Rolling Grounds L9.ti te occupies .a similar stratigraphic position 

to the Pilleuil Andesite in YASS · (Pogson & Baker, 1974) o. = · Our sampling a.nd 

chemical analyses of both t.ni ts show that the two have similRr mineralogy and 

chemistry. The mineralot?y is identical e:Jr.cept that the Pilleuil A:..1.dEtsi te 

0onta:Lns sparse resorbed quartz pheno?rysts (?xenocrysts), and a little less 

sanidine in the groun&nass. 
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Thickness 

The latite in a few places shows columnar jointing or flow structure 

which indicate that the lavas are in general almost horizontal. !:tB i::.1.nimum 
' thiclmess is 140 m ea3t of .. coolamine, and probably slightly more on Rollh:.~ 

Ground Ridge. On McLeods Ridge, flow:structure in the Mountain Creek Volcanics 
0 

conformably overlying, the Rolling Grounds Latite indicates .. ,dips of up to 80 

to the east; 
( ' 

here, the Rolling Grounds Latite .is probably about 250m thick, 

but thins to no thin.:; only 1. 5 km to the el:ist at Basin Creek. 

Mountain .Creek Vol~anics 

Nomenclature 

' 

Walpole ( 1949, 'unpublished manuscript) first studied the Mountain Creek 
/'~· 

Volcanics in the northern Brindabella·Range. Joplin & others (1953) first 
' 

published the \name i"J!ountain Creek Volcanics, 1Using it in the sam~. sense as 

Walpole for the basa~ unit of the Black Range I Serfes I. Browne ( ( 1 959) used the 

term Mountain Creek Tuff in a different sense, referring to the upper part of 

the Black P..ange 'Series', and introduced the term Narr'angn.llen Rhyolite 'for the 

basal unit, of the Black Range·' Series-~. Packham ( 1969) and Fedder & others 

(1970) followed the nomenclature·of Browne, but Best & others (19'64) and Strusz 

( 1 s:71 ) used the nomenclature of vlalpole and Joplin & otl: 3r~. We here ':cete,in 

the'name Mountain Creek Volcanics in the sense of Joplin & others (1953), as 

their nomenclature has priority over that of Browne ( 1959). 

We do not use the name Black Range 'Series', or Group, as has been used 

in the past to combine the Mountain Creek Volcanics, Kirawin Formation, and 

Sugarloaf Creek Formation, as we do not think these three ul".ite are sufficiently 

similar to be grouped together: the Mountain Creek :Volcanics are mainly 
i. l.' 

subaerial rhyolite flows,' ignimbrites, and pyroclastics; th.~ Ktrawiri Formatj_on 

. is a mudstOne from a restriCted. marine -e:riv:Lro:rlment; . and the Sugarloaf Creek 

Formation is a sandstone derived mainly by the. erosion of the Mountain Creek 

Volcanics. 



M180 

Derivation of name 

The name was presumably derived from Mountain Creek, a stream 'which 

drains much of the northern Brindabella Range and flows into the Murrumbidge~, 
' . \ 

Ri ve.r west of Taemas Bridge. 

Type se.~tion 

A"3 no type section has previously been proposed, we nominate the power 

6 6 
I , 

transmission line road between grid references 4393.9 and 04928 as, the type 

section (Table M12). Although this section does not include the base or top 

of the succession it conveniently displays the most abundant rock types~ The 

bottom of the succession ~s best exposed along Pabral Road between grid 

references 666907 and 650926, and the top of the succession is best exposed 

along Mountain Creek between grid references 633146' and 6451.52. The part of the 

succession below that exposed in the type section cont,ains two mappable rock 

types: q1.iartz-feldspar porphyry (Dlm ) and pink massive granophyric rhyolite 
2 '··· i. 

(Dlm ). The porphyry is well exposed on Pabral Road and on the.track to the 
3 

top of Mount Coree, and the best exposure of the granophyric rhyolite is at the 

top of Mount Coree. 
' 

The tYJ>e section can be summarised as consisting of. three units: 1000 

m or more of mainly massive ignimbrite' followed by over 1000 m of tuffs and 

reworked tu:(fs, which are overlain by floiv-banded rhyol:. te lavas whose thickness 

probably exceeds 300 m •· 

Field occ1irrence 

The Mountain Creek Volcanics form a meridional belt which occupie,;- much . 

of the Brindabella Range and Goodradigbee valley between Cooleman Plain in the 

south and 1-Ioun t tfarrangullen in the north, ·a st:rike length of 60 km.. The' 
I 

max~num width of the belt, 15 km, is east of Wee Jaspet. 

In the Cooleman Blain' area, outliers of the Mountain Creek Volcanics 
2 \ 2 

crnp out over areas of 1 km east of Coolamine homestead and more than·'\2 km 
I 

on Rolling Ground Ridge. A distinct belt of Mountain Creek Volcanics 1' to 2 

km wide continues northward from north of Uril:l.rra to meet the main belt near 

Vimy Ridge. A small outlier about 200 m vridE.: crops out,_,at grid reference 

735123, 2,3 km southeast of Vimy Ridge. 
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TABLE M12. TYPE SECTION OF THE MOUNTAIN CREEK VOLCANICS 

Approximate 
distance along 
road f'rom start 

lcl 
0 

520 

1800 

2000 

2500 

2700 

2900 

3400 

4200 

4500 

4700 

5300 

Geographical description Geol9gical description 

Start of section at road Scattered float of green 
junction (grid ref. 643939); ignimbrite 
section runs SW along road 

Good outcrop on north side 
·• of. road 

Road bends north 50 m 
above creek; section 
follows road down to creek 
cro·ssing 

Ford over creek 

Ford over Flea Creek; 
road continues south 

Road .'bends gr.:::td1ial.ly west 

Hal! way to top of ridge 

Top of ridge; end of 
section (grid refo 604928) 

··Green massive ignimbrite with 
10% of 1 mm :pink albitised , 
plagioclase :pheriocrysts; weak 
bandin~ dips steeply west 
( ~ 80°) 

Green ignimbrite faulted 
against interbedded tuff, silt
stone, agglomerate, and rhyolite 
flows ; one rhyolite flo\i' has 
a ~recciated base indiciting 
younging to the west; dip 
vertical · 

Interbedded pale tuff and 
agglomerate 

Fine-grained cleayed dark green· 
tuff 

Interbedded tuff .. and feldspathic 
sil tstonc 

Interbedded cleaved tuff and 
feldspathic siitstone; bedding 
strikes 160° and dips 86ow 

Tuffs give way ,to cleaved banded 
blue..:.grey to black rhyolite 
flows 

Flow banding in dark blue 
rhyolite ·strikes 260° and 
dips 70°S; cleavage strikes 
180° and dips vertically 

Flow banding in dark blue-grey 
rhyolite strikes 160° and dips 
65°W 

Cleaved blue-grey rhyolite .lava · 
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'vle have divided the Mountain Creek Volcanics into nine lithological 
·, 

units (Dlm to Dlm in BRINDABELLA); only one of these un.i.ts (Dlm ) is 

evident in 
1 TANTANG~RA. Li tho1ogical differences distinguish th~ ~its in' the 

field, but textural and minera.logical differences are evident too. The units 

do not correspond to a layered stratigraphic sequ7nce; rather, some of. the units 

form le~ses, and facies changes are common. 

Dlm is the most extensive unit in the lower part of the sequence "--1 
around Mount Co~ee, Mount Blundell, and Devils Peak. 

in the seq_uence in the ~1ountain Creek valley west of 

It also crops out higher 

Baldy Range. It has been 

mapped south of Brindabella, where the Koorabri Fault cuts it out in the west. 

Here, also, it may be near the base of the sequence, if the. Mountain Creek 
. . . 

Volcanics are in the form of a syncline between the Koorabri and Goodradigbee 

Faults, but the evidenca for a syncline is weak as it involves the extrapolation 

of dips from well to tl1e north and south. The sma~l outlier southeast of Vimy 

Ridge has also bee.n mapped as Dlm • 
1 

In the main area of outcrop, J)lm
1 

intertongues with Dlm
2 

and 

Dlm , w'hich thus divide Dlin into three parts. The lowest part 
3 1 

unconformably overlies the Nungar beds and the Condor Granodiorite near. Coiid9,r 

Creek; the middle part overlies a unit of tuff and sediment and intertongues· 

with Dlm west of Mount Blundell' and the highest part overlies Dlm and 
2 2 

Dlm 
·3 

in a northeast-trending belt that is 1.5kmwide west of Mount Coree and 

extends to Dingo Dell Flats. This highest part unconformably overlies the 
r 

Nungar beds northwest of Piccadilly Circus, so all the underlying Dlm , 
1 

have lensed out: that is, a section 2000 m thick neai· Mount Dim , and Dlm 
. 2' 3 

Blundell has disappeared only 7 km to the southwest. 

I~lm is mainly flow-banded and massive dark blue to black rhyolite. · 
1 

It is exposed mainly as angular blocks of talus less than 1 m across, but also 

as irregular outcrops several metres across, especially on some of the steeper 

slopes and in creek sections. Exposures are semicontinuous on the eastern side 

of Devils Peak, and in Mountain Creek between grid references 652039 and 656039 .• 

The rhyolite is fresh an,d glassy, breaks with a splintery or conchoidal 
•- I ,• 

fracture, and has a grey to pale brown weathered surface only a few millimetres 

thick. The flow banding is a very penetrative feature, and, where exposures are ,, 

good~ individual bands less than 1 em thick persist for several metres. Most 

bands are less than 5 mrn thick and palo pink, and are separated from adjacent 

bands by several centimetres. of mae:sive dark blue to black rhyolite. The banding 
'., ', 

is mostly planar and is best exposed at grid reference 655039. In some 
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exposures banding is only poorly reprr~sented, if at all. At a few loc'ali,ties 

(e.g., grid ref. 652039) the banding is chaotic or strongly folded. As the 

banding is so penetrative - d:iff•-3ring from that produced by the flattening of 

pumice fragments and shards in ignimb1·i tes the rocks must have been lavas. 

Columnar jointing is rare. In a few places, fine tuff and reworked volcanic 

arenih's are interbe!'lded with the lavas. 

In hand specimen the only phenocrysts common;ty visible in the lavas are 
I· 

about 5% of euhedral white feldspar crystals about 1 mm across. Mafic 

phenocrysts less than 1 mm are evident on some weathered surfaces. Quartz 

phenocrysts are absent. 

5% pyrite phenocrysts. 

A fine tuff bed at grid reference 664953 contains about' 
. :'• 

(. 

Dlm differs markedly from Dlm • It is a highly porphyritic 
2 . 1 . 

ignimbrite with 10-15% quartz and 10% feldspar phenocrysts, and commonly also 

contains biotite visible in hand specimen. Flow banding is not evidf.)nt. 

Dl crops out in two separate belts: east of Mount '·coree and, 
m2 

meridionally, across the Brindabella Road west of Piccadilly Circus. Both belts 
I I · 

are in about the same stratigraphic position but are apparently discontinuous 

as the unit does not crop out ~orthwest of Piccadilly Circus. The contact with 

Dlm is apparently,not exposed, but at grid .reference 638898 Dlm grades 
1 2 

up over 20m into Dlm by a gradual decrease in phenocryst content. 
3 

In the field Dlm is quite similar to the hjghly potphyritic Silurian . 2 
volcanics to the east, as it is exposed as rounded tors and boulders and is 

commonly strongly weathered. Despite this resemblance it must be part of the 

Mountain Creek Volcanic sequence as it overlies the lowest part of Dlm • 
1 

Dlm occurs sporadically throughout the lower part of the Mountain ,, 

Creek Volcanics in association with Dlm and Dlm • Its main outcrop, at 
1 2 

Mount Coree, is 3.5 km long and about 400 m thick. Smaller outcrops are 1.5 

km east of Mount Coree, on the Brindabella Road west of Piccadilly Circus, in 

Baldy Range, and at grid references 632871, 655035, and 686056. 

Dlm is a massive unhanded or weakly banded pink rhyolite. West of 
3 

Mount Coree it grades up into Dlm by a gradual change from pink through 
1 

purple to dark blue. Less than 5% pale pink feldspar phenocrysts are preHent 

but are difficult to see in hand specimen. Despite the good exposure at Mount 
., 

Coree, no banding is evident. However, , the rhyolite at grid reference 638899 
. I . 

is weakly banded. Quartz-feldspar porphyry and fine f~f:f xenoliths up to 15 

em across are common in Dlm at Mount Coree; they ~ay be from underlying. 
3 

parts of the Mountain Creek Volcanics. At the same locality, joint planes and 
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cavities are commonly encrusted with purple fluorite and green epidote. At grid 

reference 625875 the overlytng Dlm unit contains xenoliths of a pink massive 
' . J . . . •1 

rhyolite similar to the Dlfu unit.' 
3 

Dlm is an extensive unit in the large northern area of the Mountain 
-4 

Creek Volcanics outcrop, where it tends to occupy the higher.ground- e.g., the 

Brindabella Range near Mount Hartwood, Baldy Range, Dingi Dingi Range, Wombat 

Ridge, r~ullion Gap Hill, and Mount Narrangullen. It overlies Dlm west of 
1 

Devils Peak, and forms the lower part .of the type section. East of California 

Flats, California Creek ant1 (to the south) Mountain Creek have cut through the 
,. 

I 

unit to form rugged valleys; here the unit must be several thousand metres 

thick, yet it thins to nothing near Two Ewe Gap (grid ref. 580155) and southwest 

of Mount Coree. 

Dlm is a heterogeneous unit comprising flow-banded rhyolite lava, 
4 

pyroclastic deposits, and minor reworked volcanic material, but by far the most 

abundant rock type is a hard massive green ignimbrite containing up to 10% (but 

mostly less than 5%) pale pink to reddish pink feldspar phenocrysts of about 

1 mm. Eutax.i tic layering and compacted pumice fragments are rare, so "!:he 

massive rock resembles a massive: lava in the field. The ignimbrite crops out 

as massive blocks and tors, in places up to 5 m high (e.g., grid ref. 585127). 

A widely spaced meridional cleavage or jointing iswell developed, especially 

towards the \fest, where deformation has been more intense.. At some localities 

(e.g., grid ref. 650950) amygdaj.es of ·quartz up to 5 em are common; elsewhere 

(e.g., grir. ref. 632958) epidote veins and patches are present. At the foot 

of a power transmission line tower at grid reference 656951, the base of Dlm 
4 

consists of a well-exposed coarse agglomerate, in l'rhich fragments of ignimbrite 

up to 30 em have apparently been tectonically stretched parallel to the regional 

cleavage. 

Dlm overlies Dlm to the west, but like Dlm it lenses out near 
-5 4 4 

Two Ewe Gap. Movement along a fault west of California Flats has .thrust up and 

repeated pg.rt of the sequence of Dlm and Dlm to·· the west, i.n the 
4 5 

Brindabella Range part way down the Goodradigbee River escarpment. Here Dlm 
5 

is overlain by a younger part of Dlm , which crops out on the eastern bank 
4 

of the Goodradigbee River west of Webbs Range. 

Dlm cons..i.c-tG of massive and flow-banded grey to dark blue rhyolite 
5 

lava a.nd minor ignimbrite·, and is quite simils.r to Dlm except that it is more 
1 

strongly cleaved a.lid wea+Jhered. Feldspar phenocrysts less than ! rnm are widely 

scattered (less than 3%), and indistinct in hand specimen. Planar flow banding 

is common and well exposed in the upper pert of the type section. Elsewhere 

(e.g., grid ref. 603014) the ba~d.ing is chaotic. 
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Dlm , the most widespread unit in the M, oun tain Creek Volcanics, 
-6 

occupies about one-third of the total area of outcrop. It is composed almost 

entirely of pyroclastic deposits which crop out poorly and tend to erode more 

easily than the lavas and ignimbrites of the other units. This is well shown 

in the Flea Creek valley, where pyro'clastics of Dlm are flanked by 'iavas of 
6 . 

Dlm 
5 

Dlm 

in Webbs Range to the west and by ignimbrites of Dlm and lavas of 

1 
country 

· · Dlm4 
in the Brindabella Rang~ to the east. Similarly occupies the low 

6 
around Kangaroo Flat and Range View, and ignimbrite and lava occupy the 

higher elevations to the east and west. 

The pyroclastic rocks have a great range of grains,izes, from fine ash 

to 30-cm bombs. Tuff with an average grainsize of less than 2 mm is tLe most 

common, but lapil.1.i tuff is also abundant; both lack or contain only rare 

quartz. Good outcrops of J.apilli tuff are at grid references 635098, 675132, 

654112, and 666114. At grid reference 6331 26 an agglomerate bed 20 em thick 

with bombs up to 10 em is well exposed between beds of fine-grained tuff. Near 

the top of the Mountain Creek Volcanics at grid references 563131, 671137, llnd 

642148 fine black mudstone identical' to that of the Kirawin Formation is inter

bedded with Dlm • The Mountain Creek Volcanics must thus pass conformably 
6 ' 

into the Kirawin Formation. 
. . 

Cleavage is well developed in the tuff - especially near the Long Plain 

and Koorabri Faults- more so than in adjacei.lt lavas and ignimbri+3s. A number 

of folds can be t:r-aced from the overlying Kirawin Formation into the Mountain 

Creek Volcanics, and are concentrated in the northeast where Dlm dominates··· 
6 

the sequunce. The thick massive units of Dlm and Dlm west of Mou, :. in 
4 5 

Creek have apparently acted together es a sorr._what rigid block, deflecting the 

folding into the more easily deformed Dlm • 
6 

Dlm crops out only to the south of Brindabella. In BRINDABELLA it 
-7 

is composed of extremely cleaved interbedded blue-green and purple rhyolite, 

ignimbrite, and tuff, but farther south, in ~,'ANTANGARA, tuff is less c.:,mmon and 

cleavage much weaker. Dlm conformably ove;:-·lies the Rolling Grounds Lati te 
7 

on McLeods Ridge, and in the Rollir.g Ground Creek valley (where it forms a 

syncline), but east of Coolamine the latite was partly eroded before·Dlm was 
7 

<leposi ted, and in Basin Creek (grid ref. 550640) the lati te is absent. 
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The ignimbrites and rhyolites in Dlm are quite similar. to those 
7 

farther north, and contain sparse phenocrysts up to 1 rom of feldspar but not 

quartz. Columnar jointing roughly perpendicular to flow banding is common on 

McLeods Ridge. Near the Jackson Granite the Mountain Creek Volcanics have been 

strongly recrystallised and are much coarser-grained. At grid reference 536622, 

xenocrysts of pyroxen,e habit up to '10 nun, and xenoliths of amphibolite up to 

2 m, occur in recrystallised rhyolite near the Jackson Granite. The xenocrysts 

are now amphibole because of contact metamorphism, and the amphibolite xenoliths 

were probably pyroxenite before metamorphism. 

Dlm
8 

comprises small areas of otrongly weathered, poorly exposed 

reworked tuff and feldspathic sil.tstone that crop out sporadically throughout 

the Mountain Creek Volcanics, mostly interbedded with pyroclastics. On of the 

most extensive siltstone units, along the western side of Blue Range, contains 

lead, zinc, silver, and copper mineralisation, and 'l little gold in qua!·tz reefs 
\ 

in cross-cutting fractures (Carter, 1970). This siltstone unit crops out at ·, 

grid reference 680945 on Blue Range Road as fine grey-green tuff with minor 

pyrite. A nearby tuff band (at grid ref. 664953) contains about 5% pyrite, but 

it is at a stratigraphically highef level than the main mineralisation. 

Dlm crops out as an extensive me·.-iuional belt of the Mountain Creek 
-9 

Volcanics east of the Dingo Dell Fault near Kirawin and the Pig Hill Fault 

farther south. It comprises interbedded pin::e, green, and purple tuff, 

ignimbrite, siltstone, and sandstone. It unconformably overlies Silurian felsic 
0 

volcanics and dips to the west at 30-50 ; as the Silurian volcanics also dip 

to the west the uncofiformity is not well marked. 

The tuff and sediments are like those to the west of the Dingo Dell 

Fault, as quartz is rare to absent and clasts consist almost exclusively of 

feldspar and volcanic rock fragments, though a 15-mm rock fragment of pink 

granite in green tuff was collected from grid reference 733983. 

Petrograp~.z. 

Although the units in the Mountain Creek Volcanics have overall 

mineralogical si~ilarities, each is distinct enough to warrant a separate 

petrographic description. 

Dlm contains between 1% and 5% of subhedral phenocrysts up to 1 mm 
-1 

of le.bradori te (An , some with oscillatory zoning) commonly aligned 
50-60 . 

parallel to banding in the groundmass. Augite is a rare (less than 2%) but 

constant phenocryst phase, forming subhedral equant grains of about 1 mm; some 
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are partly altered to pale green actinolite. Samples from grid references 

736122 and 690007 contain fresh augite, a11J other grains of pyroxene habit 

altered to chlorite, talc, actinolite, and epidote; these altered grains were 

probably orthopyroxene. Rounded opaque phenocrysts about 0.5 mm across are also 

present in most samples. A brecciated, albitised rock at grid referenc0 657951 
contains no augite., but some of the abundant epidote gra1ns may 1e .·pseudo-· 

morphing pyroxene. 

The groundmass of samples of Dlm consists of structureless 
1 

devi trified glass and fine-grained opaques. Mesoscopic banding -'s evident owing 

to the differences in g~ainsize of the devitrification products. In some bands 

granophyric,devitrification patches are up to 0.5 mm. The bands may be as 

narrow as 0.01 mm, but extend completely across a thin section and have sharp 

edges. The banding is too long for it to have been produced by the flattening 

of pumice fragments in ignimbrites, so it must have been caused by flowage of 

viscous lava. 

Dlm is a distinctive unit because of the presence of 10-15% of -2 
~uartz phenocrysts up to 4 mm across. Altered biotite (5%) and feldspar (10%). 

are also phenocryst phases. In some rocks the feldspar is orthoclase and in 

others saussuritised plagioclase. Some samples contain both feldspars, and in 

one such rock (at grid ref. 677950) the plagioclase is fresh and oscillatorily 

zoned about An One quartz-plagioclase-biotite porphyry (at grid ref. 
50 

649918) contains a 0.7-mm euhedral pink garnet. 

The groundmass is fragmental and has the well-developed eutaxitic 

layering typical of welded igr.imbri tes. 

Dlm
3 

contains albitised plagioclase phenocrysts (less than 5%) up 

to 1 mm in a granophyric groundmass of quartz and feldspar. Some granophyric 

growths are up to 1 mm. Epidote is a common alteration product, apparently' 

derived fr0in the calcium released by the albitisation of the plagioclase 

phenocrysts. Mafic phenocrysts are not evident, though some epidote and 

chlorite patches may be their relics. 

The massive granophyric texture and lack of flow ban( i.ng in Dlm 
3 ' 

rocks suggests that they cooled more slowly than the lavas· of Dlm • They may 
1 ' 

represent rhyolite domes that did not quite reach the surface. If so, their 

gradational contact vrith Dlm 
1 

west of Mount Cor·- a may indicate that one such 

rhyolite dome ( Dlm ) flowed out onto the surf<'lCe as lava 
3 

(Dlm ). 
1 
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Most samples of Dlm are ignimbrites with a fragmental groundmass 
-4 

and eutc.xi tic layering. Al bi tised plagioclase is the only common phenocryst, 

but rarely exceeds 5-10% of the rock. Either calcite or epidote alteration 

accom:p9.nies the ai bi tised plagioclase •.. MB.ric phenoc.rysts are virtually absent, 

but a few samples contain patches of opaques, chlorite, and a dark green 

biotite. One sample from grid reference 632958 contains epidote, probably after 

pyroxene. Some samples. contain fairly structure less. groundmasses a,nd may be. 

glassy lavas, and in one sample (from grid ref u 650950) the g·~·ouhdmass contains 

microli tes of feldspar with a trachytic a:1 ignrnent. Glass shards and collapsed 

pumice fragments are evident in some ignimrrites, and a sample from grid 

reference 602103 contains well-preserved undeformed glass shards. Another from 

grid reference 640050 contains extremely flattened glass ~1hards which have 

amalgamated and devitrified together into optically continuous patches1of about 

0.6 mm. 

One petrographic feature of Dlm 
1 

and Dlm 
4 

evidE::._ ~ in hand specimens 

is the colour of the plagioclase phenocrysts: unalbitised labradorite in 
' Dlm is white, 

1 
Dlm , 
-5 

ignimbrites are 

but albitised feldspar in Dlm is reddish pink. 
4 

unlike Dlm , consists mostly of flow-banded lavas; 
4 

uncommon. Albi tised plagioclase, accompanied by epidote or 

calcite, is the only common phenocryst, but opaques and patches of green 

biotite, chlorite, and epidote up to 0~5 mm are present in some samples. The 

lavas resemble those of Dlm , and commonly have a banded groundmass, but, in 
1 

contrast to the Dlm lavas, their plagioclase is albitised and pyroxene (if 
1 

p~esent) is altered to calcite, epidote, and chlorite. 

Most samples collected of Dlm are fine to medium-grained tuffs. 
-6 

Some of the samples contain lava or ignimbrite rock fragments up to 10 mm across 

and are lapilli tuffs. Al bi tised plagioclase cry.:• tal s are more common in the 

tuffs than in the ignimbrites and lavas, and one sample (from grid ref. 628081) 

is a crystal tuff with about 40% albite crystals of 1 rnrn. Apart from albite 

crystals the remainder of the pyroclastic fragments in all the tuffs are of lava 

and ignimbrite like those comprising the rest of the Mountain Creek Volcanics. 

Some samples contain opaque crystals, and samples from grid r~"f8rences 609811 

and 589827 also contain about 5% augite crystals of 1 rnrn c' · -,, · Pyroxene is 

altered to chlorite and calcite in a sample from grid ref~_ 

-The matrix of the tuffs from Dlm contains abundant epidote, calcite, 
6 . 

chlorite, and unidentifiable ash. Fine-grained tuffs from some localities (such 

as grid ref. 622932 in Lhe type section) are almost entirely epidote, calcite, 

and chlorite. 
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One thin lava band interbedded with Dlm from near the top of the 
6 

Mountain Creek Volcanics at grid reference 670140 contains about 15% albitised 

plagioclase phenocrysts, 3% opaques, 1% fresh augite, and 1% altered pyroxene, 

possibly orthopyroxene. 

Ignimbrite, lava, and tuff in Dlm are similar to those in the other -7 .. 
units. Augite or altered pyroxene is present in most samples, and labradorite 

is more common than albitised plagioclase. One sample from adjacent to the 

Jackson Granite (grid refG 531625) has been hornfelsed to.a granoblastic 

aggregate of quartz, feldspar, and biotite, and pyroxene. phenocrj•sts have been 

altered to actinolite peppered with opaques. 

SandstoP-es and siltstones in Dlm
8 

are poorly sorted and feldspar

rich. The sandstone associated with the mineralisation west of Blue Range 

contains more abundant quartz up to 1 mm and also much pyrite. 

Sa~ples of Dlm are almost entirely feldspar-bearing tuffs like those 
-9 

from Dlm , but also incJ. ude albite sand stone. One sample (from grid ref. 
6 

1 736955) is a welded ignimbrite with about 5% albite phenocrysts, and 2% pyr~xene 

phenocrysts oompletely altered to bastite or uralite; the two alteration ,, 

products suggest that both clinopyroxene and orthopyroxene were present. 

Field relations and age 

The stratigraphic position of the Mountain Creek Volcanics is precisely 

known. Near Cooleman Plain the volcanics rest unr::onformbaly on uppermost 

Silurian Blue Waterhole Formation and Cooleman Limestone. They also overlie 

the illineralogically similar Rolling Grounds I~tite, but some of the latite may 

have been eroded before the basal Mountain Creek Volcanics was deposited. To 

the east the ·-t)lcanics unconformably overlie the Upper Silurian Laidlaw and 

Uriarra Volcanics. At Bowning Hill (YASS) andesite correlatable with the 

Rolling Grounds Lati te, and rhyolite correlatable with the Mountain Creek 

Volcanics, unconformably overlie lowermost Devonian strata (Link, 1970). The 

top of the Mountain Creek Volcanics is conformable with the overlying Kirawin 

Formation, which passes up through the Sugarloaf Creek Formation into the Lower 

Devonian (Pragian) Cavan Limestone. Thus the Mountain Creek Volcanics must be 

Lochkovian, and may extend up into the Pragian. 
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Thickness 

If our mapping is correct the Mountain Creek Volcanics must be 

extremely thick where Dlm and Dlm are well developed. Between Condor 
4 5 

Creek and the Goodradigbee River near Wee Jasper, the Mountain Creek Volcanics 

dip to the west, and only alor~ their western edge is there any repetition of 
0 

the sequence by faulting. If an average dip of 60 is assumed then the 

volcanics in this area wo~ld be about SOQO m thick. This figure is probably 

excessive, however, and a figure of aro · . .1d 5000 m is more likely if unmapped 

minor faults.and dip reversals are taken into account. To the north and south 

where tuffs predominate the Mountain Creek Volcanics thin markedly. Thus a 

section running west from Dingo Dell Flat up to the Kii•awin Formation would 

include tuff and about 4000 m of lavas and ignimbrites, but a similar section 

running north from Dingo Dell Flat, allowing for folding, , would only· contain 

about 1300 m of tuff, very minor ignimbrite, and no lava. East of Brindabella, 

if a syncline is assumed, the tuff is about 1500 m thick. Farther south, in 

TANTANGARA, where lava and ignimbrite again predominate, the I•J'ountain Creek 

Volcanics are only about 500 m thick, but an unknown amount has been removed 

by erosion. 

Envir;mment of d.~posi tion 

The Mountain Creek Volcanics must be almost entirely terrestrial. 

Great thicknesses of lava and ignimbrite have accumul~ted northwest of Condor 

Creek, but these thin markedly norGhward and southward into airborne and 

reworked tuff deposits. The interbedding of lavas, tuffs, and ignimbrites, and 

the marked thickening and thinning of units, may indicate that the rocks 

accumulated as a large stratovolcano. Widely scattered small areas of sediment 

probably represent lacust~ine and fluviatile ~eds deposited on the flanks of 

the volcano, and the pyroclastics predominate away from the eruptive centre. 

A second volcano that probably built up in the Cooleman area has largely been 

removed by erosion; the Coolamine Igneous Complex plutons probably represent 

the roots of this volcanic centre, as they are almost certainly the intrusive 

equivalents of the Rolling Grounds Lati te. 
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SILURO-DEVONIAN GRANITOIDS 

Many granitoid bodies appear to be associated with the Siluro-Devonian 

felsic volcanics described above.· These bodies can b~=> }Jllt into several groups 

according to their age and mineralogy, which can jn turn be related to similar 

volcanic groups. '1/lhere a volcanic unit is adjacent to a related granitoid, the 

granitoid is always the younger - as for the Young Batholith and Goobarragandra 

Volc.anics, the Jo!urrurnbidgee Batholith ·and Paddys River Volcanics, the 

Ginninderra Porphyry and Laidlaw Volcanics, and the Jackson Granite and llioun tain 

Creek Vol~anice. 

The earliest and most common plutons of the Young'· Murrumbidgee, 

Gingera, and Kosciusko Batholiths are S-type, acco!'ding to the criteria of 

Chappell & White ( 1974). Likewise the earliest volcanics - Go,obarragandra 

Paddys River, Hawkins, and Walker Volcanics - are also S-type. 

Where age relations can be established, such as iin the Gingera and. 

Murrumbidgee Batholiths, I-type (Chappell & White, 1 974) '.?1 utons postdate the· 

youngest S-type plutons. One phase of I-type plutonism (Bugt~wn Tonalite, 

tonalite of Ashvale, related stocks and dykes, and poss1bly the Condor 

Granodiorite) .!.!ndedates the Bowning fold episode, and is related to tbA 

Jindabyne Suite of I- type granitoids discussed by Hine & others ( 1978); these 

plutons have some chemical similarities to the Laidlaw and Uriarra Volcanics. 

A second phas~ of I-type plutonism, which is geographically, 
... 

mineralogicallyt and che'inJcally distinct from the earliest phase, postdates the 

Bowning fold epi:-1ode and i.s bf Early Dev~::::ian age. The Rolling Grounds Lati te 
\ 

and Mount.ain Cref'·k: VolcaniC:':\ are related to this plutonism. The largest plutons 

in the group are tr·e Boggy Plain Adarnelli te, Coola..'lline Igneous Complex, Jackson 

Granite, and BurrL1j uck Adamellite. We use the name Boggy Plain Suite to 

describe the group as a who:-1:, including tile related volcanics. 

MURRUMBIDGEE BATHOLITH 

Clarke ( 1860) first reported on rocks of the Murrumbidgee Batholith. 

Mahony &. Taylor ( 1913) mentioned the granite near Tharwa ( ~iiCHELAGO) in their 

report on the Federal Territory. Browne (1914, 1931, 1944) described the rocks 

of the sou· tern and eastern part of the batholith, and distinguished. blue, 

white, and pink gneiss. Joplin (1943) was the first to carry out chemical 

analyses of the blue and white gneisses, which she described petrographically. 
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Snelling (1960) divided the ~ocks of the batholith into three different 

groups: Uncontaminated Granites, Contaminated Granites, and Leucogranites. 

He considered that the Uncontaminated Granites closely represent the composition 

of the parental magma of the batholith; that the Contaminated Granites wer& 

derived from this parental magma by assimilation of country rocks; and that 

the Leucogranites were formed by differentiation of this contaminated magma. 

The three types earlier defined by Browne do not correspond to the 

classification by Snelling, and will not be considered f·J.rther •. 

Joyce ( 1 970, 1973) used the same classification as Snelling. He 

concluded, mainly on c.hemica.l evidence, that all three groups were derived from 

the partial melting of psammopelit~c rocks of the TaE-qn Geosyncline; and that 

the Uncontaminated Granites and Lettcograni tes were fomed by th8 fractional 

crystallisation of this pa:::-ental magma, which gave rise to the Contaminated 

Granites after it had assimilated relict solid material (xenoliths). 

Work by White & Chappell ( 1 976) on the BerrJ.dale Batholith (south of·· 

TANTANGARA) and other batholiths ·j.n New South Wales has lead them to the 

conclusion that the abundant xenoliths in 'contHminated' gran~. tes are not .partly 

assimil.::tted country rock but residual source material brought up with the melt 

fraction, so that the tbrm 'contaminated' i3 inappropriate, as it implies a 

foreign origin (un:::-elated to the granitoid magma) for the xenolfths. The 

progressive removal of these xenoliths ( anc1. possibly xenocrysts) from the magma 

to produce more and more felsic magmas is an unmixing process, and is related 

to the viscosity and sv:ed of intrusion of the magma: plutons which are 

intruded relatively rapidly c\.mtain more a"l"'und~mt residual source material, 

whereas these intruded more slowly are more felsic because their xenoliths had 

more time to S'3ttle out. We therefore propose to abandon Snelling's ( 1960) 

classific~tion into three groups. Although a three-~ld classificution is 

appropriate for the Murrumbidgee Batholith, it is not suitable as a general 

elassifica tion for vll Lachlan Fold Belt batholiths, which should reveal a broad 

8pec trum of compositions between two end members - one of pure melt composi tior1 

and the other of pure so urt:"!e rock composition. 

Beca1se of the large amount of previous work done on the Murrumbidgee 

Batholith, our work has been confined to a more accurate mapping of its 

contacts, and an examination of small unnamed intrusions. We have done little 

additional work· on the larger named intrusions unless to solve some r.:roblems 

outlined by previous workers. These larger intrusions are briefly described 

below. 
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Eolairo Granodiorite 

'I1he Rolairo Granodiorite forms an irreg·tllar intrusion north of Bol.aro 

(grid ref. 656168). Outcrops commonly r.omprise well-rounded unweathered 

boulders up to 3m. Discoidal pelitic xenoliths are numerous, and lie parallel 

to a north-south foliation. Vertical f~actures, also north-south, are locally 

abundant. The contact of the granodiorite with the Yaouk LPucograni te is 

faulted, but it is intruded by the Westerly Leucogranite northeast of Yarra 

Glen. Part of it is overlain by Tertiary ferricrete. 

In hand specimen this medium-grain ... d rock 'is dark. because of its high 

biotite content. Blue quartz and plagioclase are also evident. Near the margin 

of the intrusion the rock tends to be darker than in the centre. 

The Bolairo Granodiorite in thin section is similar to the Callemondah. 

Granodiorite, Willoona Tonalite, and Clear Range Granodiorite. Therefore the 

following description applies in general to all four. The texture is uneven

grained hypidiomorphic. Cataclastic effects are common: quartz and microcline 

are often granulated, and biotite flakes a::e bent and ragged. Quartz forms 

subhedral grains, up to 5 mm, \\Ti th undulose extinction. Zoned plagioclase,. 

partly altered to sericite and saussuri te, form3 subhedral prisms up to 5 mm· ' 
the oscilla torily zoned cores have a composition of An or more', whereas the 

50 
margins are more sodic. Microcline forms rare anhedral poikili tic grain~ up 

to 3 mm; crosshatch twinning is common. Biotite forms subhedral flakes, up 

to 3 mm, with ragged edges; bent lamellae are common. Small secondary 

muscovite flakes and minor chlorite and epidote occur as alteration products. 

Rioti te is pleochroic: X = light yellow, Y = Z = deep reddish b:-own. :Patches 

of sericite flakes, commonly with a .subhedrdl rectangular shape up to 6 x 4 mm 

and containing biotite and plagioclase inclusions, are probably pseudomorphs 

of cordierite. Apa-:;ite, zircon, and opaques occur as e:.cces~0ries and"are common 

in the biotite. 

A smaple from near the margin of the Bolairo Granodic rite showed 

medium-grained quartz, plagioclase, and biotite in a strongly fo1 iated 

groundmass of quartz, feldspar, and mica. Microcline is completely altered, 

and white plagioclase grains are altered to sericite and saussuri te, often with 

a thin rim of fresh plagioclase. 
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Willoona Tonalite 

The Willoona Tonalite forms an irregular, lenticular, meridionally 

trending body west of Girraween (grid ref. 754210). Its northern boundary with 

the Yaouk Leucogranite is a fault; the other botl.ndaries are intrusive. 

Sedimentary screens form ridges on both sides of the intrusion. These sediments 

contain andalusite, which is probably a contact-metamorphic product of one of 

the bordering intrusions. 

In outcrop the tonalite is generally fresh, forming small angular and 

well-jointed boulders up to 2 m" A north-south foliation is obvious in 

outarops, but less clear in hand specimen and thin section. In general 

appearance thE:~ rock i.-3 somewhat darker than the Bolairo Granodiorite, and 

contains more xenoliths. 

Callemondah Granodiorite 

The Callemond:.lh Granodiorite forms an irregular intrusion elongated 

north-south, 11 km long and 2 to 3 km wide, east and northeast of Shannons Flat. 

It is well exposed as generally unweachered boulderb, rarely larger than 1.5 

m, which are elongate parallel to the:: perv .. :;.sive strong meridional foliation. 

It is intruded by the Sha.nn'Jns Flat Adamellite, which has partly 

recrys tallised it at grid reference 773267: the biotite nm·T occurs as a mosaic 

of smaller flakes, and the quartz is composite too, but the plagioclase is 

little changed. Ghost-like schlieren of the granodiorite, up to 30 em long, 

occur in the Shannons Flat Adamellite near the contac, at grid reference 

771272. 

Clear Range Granodiorite 

Only a small part of this large xenolith-rich pluton crops out in 

TANTANGARA. It is similar to the. other granodiorites, but in TANTANGARA 

contains a little more microcline (about 7%). 
It is intruded by the Shannons Flat Adamelli-te at grid reference 

789560, where a dyke from the adamellite projects in to the granodiorite (JFig. 

M24); a secondary foliation cuts the contact of the dyke and the granodiorite, 

and is superimposed on the granodiorite's primary foliation, defined by the 

alignment of pelitic xenoliths. Snelling (1960) and Joyce (i973) considered 

that the Clear Range Granodiorite grades into the Murrumbucka Tonalite to the 

south; our reconnaissance of that area suppcrts this view. 
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Contact of dyke-like apophysis (on the left of the freshly 
exposed surface, which is 20 em wide) of the Shannons Flat 
Adamellite with the Clear Range Granodiorite at grid 
reference 789560. 

(GB/1849) 
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Stewartsfield Granodiorite* 

This body is se!Jara ted from the rest of the batholith by Ordovician 

sediments Fmd alluvium near Yaouk (grid ref. 629359). It is much richer in 

microcline (15%) than the other granodiorites in the Batholith, and could almost 
/ 

be tenned an adamellite. .It also contains fewer xenoliths, but in other 

respects is similar to the other granodiorites in mineralogy and texture. In 

one sample from (grid ref. 639336) a garnet xenocryst of 2 mm is strongly 

fractured and surrounded by a 1-mm-w:Lde reaction rim of sericite and green 

biotite; green biotite also fills the fra~tures. The garnet is probably of 

metamorphic origin, a type II garnet of Birch .& Gl,eadow ( 1974). 

Shannons Jt'lat Adame1li te anJ Yaouk Leucogranite 

Snelling ( 1960) and Joyce (1 973) have mapped and described the Shannons 

Flat Adamellite and the Yaouk Leucogranite as separate units, but we fcund the 

contact between them difficult to map, and our interpretation of it on the 

~ANTANGARA map may be unreliable~ Our subsequent petrographic work did not 

supply us with sufficient evidence to C)nvince us that the two types are indeed 

distinct intrusions, rather than just one laterally variable intrusion. 

However, the separately named units will be retained until the matter has been 

co:1clusively resolved. 

The Shannons Flat Adamellite, regarded as a different 1mi t from the 

Yaouk Leucogranite, is the biggest single intrusion of the batholith, cropping 

out as a lenticular body up to 15 km wide along the full length of the 

batholith. In its southern part it extends.as a relatively narrow tongue 5 km 

south of Shannons Flat. 

To the west, the Shannons Flat Adamellite intrudes the Upper Ordovician 

Adaminaby beds at the foot of the Tidbinbilla Range. To the north the boundary 

between the adamellite and the Adaminaby beds is irregular, and roof pendants 

crop out at Sugarloaf', Murrays Hi11, and on the ridge west of Larrys Creek. 

As these roof pendants are aligned, they may be the remnants of a screen between 

separate intrusions of a similar composition, but we found no other evidence· 

to support such a suggestion. 

* Note that the correct spelling of this name is 'Stewartsfield', not 

'Stewartfield' as in the TANTANGARA map legend. 
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To the eaPt the adamellite intrudes the Clear Range Granodiorite, the 

Paddys River Volcanics, and the Adaminaby beds, and is faulted against the 

Adamina by beds by the Bullen Range Fault. An j_n trusi ve con tdct between the 

adamellite and volcanics is well exposed at grid reference 765873, and magnetite 

skarns with associated sulphides have developed along the boundary between the 

two at several localities- e.g., at grid reference 763881, where the skarns 

b~v~ ~~tlv replaced a limestone lens within the volcanics. 

'ro. the no.L-th the adamellite is cut off by the Winslau-J Fault, but the 

McDonald GranitE.: Porphyry may be its northern continuation. 

Numerous aplite dykes and leucogr·ani ,;e stocks intrude the adamellite 

south of Paddys River homestead and east of Gibral ter Creek. Aplite dyke swarms 

occ.ur in both radial and concentric patter~s surrounding the leucogranite 

stocks. 'rhe dykes are commonly aligned parallel to joints in the adamellite. 
0 

The most prominent orientation of the dykes is about 045 • Lineaments along 

Gibralter •:!reek, the upper Tidbinbilla Riv·ar, and middle Blue Gum Creek - all 

in the Shannons li'lat Adarnelli te - paralled this prominent dyke orientation. 

The Shannons Flat Adamellite typically contains subhedral to euhedral 

alkali feldspar megacrysts abnut 20 mm (rarely to 50 mm) long and 5 to ·10 mm 
wide. They are most distinct on the pinkish- brown weatheri.:ng skin that develops 

on the adarnelli te. They are not evenly distribut.ed throughout the adamellite: 

in places (e.g., grid ref. 807743) they are absent, and in other places they 

consitute about 20% of·the rock; even in the one outcrop their distribution 

is irregular, especially w:tere the megacrysts are abundant. At grid refere'1ce 

767813, an aplite dyke, 10m wide, contains alkali feldspar megacrysts up to 

20 mm long with a similar morphology and in a similar proportion to those in 

the surrounding Shannons Flat Adamellite; several megacrysts at the boundary 

between the dyke and adamellite cut across it unchangeci. Again, at grid 

reference 754718 sporadic rounded megacrysts about 20 mm across occur in 

xenoliths and rhyodacite dykes iu the Shannons :B'la't Adamellite; they are 

similar in abundance and morphology to those in the surrounding' adaMellite, and 

one cuts across an adamellite-xenolith bo1mdary. From these field observations, 

we conclude that the alkali feldspar megacrysts in tr1~e Shannons Flat Adamellite 

are not phenocrysts, but are most likely to be of late metasomatic origin 

postdating the major crystallisation of the magma. 
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Hand specimens of the Shannons Flat Adamellite are med j.um to coarse

grained, grey-white, and contain clots of biotite constituting about 5 to 10% of 

the rock. Quartz is commonly rounded and about 4 mm in diameter. Potash 

feldspar is white with a pale pinkish tinge, and commonly occurs as megacrysts. 

Plagioclase is white, commonly with yellow to greenish cores, subhedral, and 

up to 4 rnm. 

The biotite content appears to be highest towards the north - 13% nea.: 

Miowera (grid ref. 802760) and on the Carin Dam road at grid reference 739695 -

and gradually decreases southward - to only 5 to 7% near Shannons Flat. Near 

Mount Kelly and west of Gudgenby Hill, a probable gradational contact between 

the adamellite and the Yaouk Leucogranite is concomitant with a gradual decrease 

in biotite to about 4% in the leucogranite. 

At many localities, biotite schlieren ~efine a foliation. At one 

locality (grid ref. 789560), a secondary folic.tion cutting across an intruf'.ive 

contact between the Shannons Flat Adame1li te and Clear Range Granodiorite must 

be younger than both bodies. 

Joints, usually spaced about 5 to 10m apart, are common in the 

Shannons Flat Adamellite. The only prominent direction that we established fs 

in the area west of Gi bral ter Falls (grid ref. 753710), where the joints are 
0 

vertical and strike at about 090 • 

Xenoliths are uncommon in the Shannons Flat Adamellite; unlike those 

in the granodiorites, they appear to be accidental inclusidns rather than 

cognate xenoliths. ~e adamellite in cuttings on the Honeysuckle Creek road 

contains several angular blocks up to 5 m which include hornfelsed .·.sediments, 

e. leucogranite, and, the largest one, a quartz-feldspar porphyry not unlike the 

volcanic rocks in the Canberra region. 

Contact effects of the adamellite on the surrounding Ordovician 

sediments are only minor. They are best developed near the contact northwest 

of the Tidbinbilla Nature Reserve, where a tongue of sediments over 1 km wide 

is almost completely surrounded by adamellite. 'Spotted cordieri te hornfels and 

recrystallised quartz sandstone crop out within about 100 m of the contact. 

A pelite at grid reference 728757 contains pinite spots of about 0.5 mm 

surrounded by a matrix rich in biotite and muscovite, and a metasandstone at 

grid reference 718766 contains overgrown rounded quartz grains in a matrix with 

abundant, metamorphic biotite flakes about 0.04 mm long. 
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The Yaouk Leucogranite has been mapped west of the Shannons Flat 

Adamellite as a south-trending intrusion that is 3 to 10 km wide and extends 

from the southern boundary of TANTANGARA almost to the Cotter Hut (grid refu 

657530) - a considerably smaller area than the Shannons Flat Adamellite. 

Exposures are similar to those in the adamelli i~, except that weathering is 

deeper. Texture and grainsize are also similar, and like the adarnellj te the 

Yaouk Leucngrani te contains prominent alkali feldspar megacrysts u In the 

southwest of its outcrop, later lntrusions of fine-grained leucogranite form 

up to 50% of the exposed rock types. 

Petrography 

Modal analyses of the Shannons Flat Adamellite and Yaouk Leucogranite . 
by previous workers hav,~ given a wide range of results. The average that we 

deri.ved for the adamellite from the point-counting of three stained slabs of 

about 50 cm
2 

area iB: quartz 44%, microcline 35%, plagioclase 16%, and 

biotite 5%;, biotite and micr0cline probably vary by up to 10% in samples from 

different locations. Similarly, the average that we derived for three samples 

from the Yaouk Leucogranite is: quartz 34%, microcline 43%, plagioclase 19%, 

and mica 4%. Joyce's ( 1973) modal analyses of the Shannons Flat Adamellite had 

more plagioclase and biotite· and less quartz and microcline. His modaJ 

analysis of the Yaouk Leucogranite had more quartz c9 •. r..::l "!.ess microcline ~ and is 

intermediate in composition to our analyses of the Shannons Flat Adamellite and 

Yaouk Leucogranite. As no real boundary between the two rock types could be 

mapped in the field, rocks of intermediate composition should be expected. 

The Shannons Flat Adarnelli te contains subhedral micro cline megacrysts~ 

rarely up to 50 x 1 0 mm, in a coarse-grair1ed groundmass of perthi tic anhedral 

microcline (4 mrn), slightly rounded undulose quartz (4 mrn), stumpy subhedral 
.. 

prismatic crystals of plagioclase (about 2 mrn) , and strainE~d, partly chlori tised 

and epidotised biotite clots,(up to 2 mm). The plagioclase is strongly zoned 

with partly sericitised An cores and albite-oliguclase rims. The groundmass 
55 

microcline is more perthitic than the megacrysts. Biotite is pleochroic from 

pale yellow-brown to red- brown. Apatite, zircon and opaques are rare. 
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MoBt samples of the ShannonG Flat Adamellite· show some form of 

deformation, such as bent t:md broken biotite flakes, arid quartz with markedly 

und ulose ex tinction. Some are !1ighly deformed: quartz is recrystallised into a 

mosaic with sutured internal boundaries, and biotite is broken and 

recrystallised and has a few flakes of secondary muscovite surrounding it. 

Sampl·'3S with more 0ioti te (as f:rom grid ref. 739695) contain less 

microcline and are almost granodiori tic in composition. Apatite, zircon, and 

opaques associated with the biotite are much more abundant than in samples with 

less biotite. 

The Yaouk Leucogranite has similar textures to the Shannons Flat 

Adamellite, and has been similarly deformed. Plagioclas·e cores are commonly 

hishly sericitised, but when fresh exhibit oscillD~;ory zoning up to An
50 

and 

albitic rims somewhat broader than in the adamellite. Muscovite is the main 

mica in most samples, and in some samples biotite is absent. 

In summary, owing to the lack of conclusive evidence in support of the· 

published hypothesis that the two rock types represent twc different L.1trusions, 

and as a boundary bet~een t~e two is not clearly defined, we suspect that the 

Shannons Flat Adamellite and Yaouk Leucogranite form one intrusion showing 

systematic mine~alogical r.;hanges from most mafic in the area east of Gorin Dam 

to more felsic northwal'Cis and especially southwards. 

Westerly Leucogranit~ 

The Westerly Leucogranite crops out as a meridional ~~yke-like body 

about 1 km wide at the western boundary of the Yaouk Leucogranite northwest of 

Ashvd.le (grid ref. 695165), and also as a small wedge 1 km northeast of Yarra 

Glen. lt has been intruded by a hornblende-biotite tonalite northeast of 

Lshvale. It varies in structure and in mineralogy, and so can be treated as 

a series of leucograniti~ intrusions, of which three types are distinguished •. 

The most common type is a fine to mediwn-grained, equigranular rock 

with a sac~haroidal texture. In hanJ specimen, quartz, feldspar, biotite, 

muscovite, ~nd in places garnet are evident. In thin section, the texture is 

distinctly glomerogranular, comprising clnsters of feldspar a:1d micas set in 

I· 
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quartz. Quartz fonns anhedral grains up to 1 mm in clusters up to 4 mrn. 

Plagioclase (An ) forms short prismatic euhedral grains up to 2 mm, only 
10 

slightly altered to sericite and saussuri te. Microcline fonns slightly 

pex·thi tic anhedral grains up to 2 mm; crosshatch-twinning is ccmmon. Muscovite 

up to 2 mm is anhedral and often associated with biotite, which forms 

recrystallised euhedral flakes up to 1 mm partly or completely altered to 

opaques and muscovite. Biotite is pleochroic: X = light yellow, Y = Z = dark 

brownish green. Euhedral garnet up to 1 mm, andalusite (enclosed in muscovite), 

zircon, ~nd opaques are accessories. The texture and mineralogy (greenish 

recrystallised biotite, garnet, and andal usi te) of this variety are similar to 

those of the Gang Gang Adamellite in the contact aureole of the Boggy Plain 

Adamellite, and we suspect that the rock has been hornfelsed by the later 

hornblende-biotite tonalite east of the leucogranite. 

A less common type of leucogranite, with the same mineralogy as the 

first type, contains phenocrysts of quartz up to 10 mm and microcline up to 20 

mm. 

The third type is highly weathered, so no thin sections of i·t were cut. 

It has conspicuous clots of biotite and muscovite up to 1 em, and some quartz 

and feldspar phenocrysts, set in a fine-gl:"ained groundmass of quartz, feldspar,· 

and mica. It crops out m~inly in the northern part of the Westerly 

Leucogranite. In its southern part, a large muscovite-bearing quartz vein i'1i th 

a vertical foliation cuts it. 

These leucogranites contain few xenoliths, ard the only evident. 

foliation is that in the muscovite-bearing quartz vein. The leucograni tes have 

a vari~ty of outcrop styles: on the gentle slopes, groups of small.boulders 

up to 2 m are common; on ste'e.per slopes bigger boulders and bare faces of 

granite crop out. Exposures are generally moderately to highly weathered. 

Contacts wi'~h other rock types are intrusive, except for a small 

section of the wedge-shaped body northeast of Yarra Glen, whose boundaries with 

the Yaouk Leucogranite and Ordovician sediments are faulted. 

In a sample from grid reference 673230 a dark medium-grained inclusion 

thought to be of the Bolairo Granodiorite would indicate that the Westerly 

Leucogranite is younger than tbe .Bolairo Granodiorite. 

Many dykes and bosses of fine-grained leucogranite similar to the 

Westerly Leucogranite intrude the Yaouk Leucogranite in the southwestern part 

of its outcrop, but these are too small to show on the map. 
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McDonald Granite Porphyry 

Nomenclature 

Malcolm ( 1954) introduced the name McDonald Granite for a high-level 
'·· 

sill-like body intruding the Uriarra Volcanics. Because it is porphyritic, we 

prefer the name McDonald Granite Porphyry. 

Derivation of name 

The name is derived from McDonald Hill trig station (grid ref. 76590g 1 

1.4 km north of Cotter Dam. 

Type locality 

The type_ locality is here designated as a quarry on a forestry !'oad 

about 900 m northwest of McDonald Hill trig station a~'l.d km southeast of 

Uriarra Forestry Settlement, at grid reference 757915. Here, highly weath~red 

granite porphyry boulders crop out on the quarry floor, and bulldozing has 

uncovered granite ~urfa~es. 

Field occurrence 

The McDonald Granite Porphyry intrudes the Uriarra and Walker Volcanics 

north of Cotter Dam in two separate areas: on the slopes of McDonald Hill, and · 

in a narrow belt which can be traced north for about 2.5 km from the type 

locality. On the slopes of McDonald Hill, the body is about .1. 5 km long and 

0.5 km.wide, and is roughly c0nformable with the surrounding Walker Volcanics. 

In the north-trending belt, the body is about ~00 to 150m wide, dips at about 
0 

20 to the west, and for the most part is conformable beneath the Tarpaulin 

Creek Ashstone Membe~, which, however, it cuts across near the type locality; 

to the north it is displaced by two minor cross-faults, and is finally cut out 

by a fault at grid reference 761936. 

The McDonald Granite Porphyry crops out poorly as rubbly flont aLd in 

highly weathered road-cuts. Specimens are composed of about 30% euhedral pink 

potash feldspar megacrysts up to 40 x 14 mm, partly altered to clay, in a 

groundmass of granular quartz, weathered yellow-white feldspar, and rare leached 
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biotite. The potash feldspar megacrysts are more abundant and better formed 

than those in the Shannons Flat Adamellite, but they probably formed in a 

similar way. The presence of these megacrysts is good evidence for the McDonald 

Granite Porphyry being an apophysis from the Shannons Flat Adamellite. 

Apophyses in the roof of larger intrusions are favourable environments for 

deuteric solutions to accumulate and megacrysts to grow. 

Nomenclature 

Booroomba Leucogranite 

(new name) 

Both Snelling ( 1 960) and Joyce ( 1973) mapped small areas of 

leucogranite south of Paddys River homestead (grid ref. 790761), but their 

mapping did not indicate its full extent. In view of the now.lmown greater 

extent of leucogranite the name Booroomba Leucogranite is·introduced for a 

number of simHar bodies which crop out near the junctions of BRINDABELLA, 

TANTANGARA, CANBERRA, .':ad MICHELAGO. Richardson (in press) has described that 

part of the leucogranite which crops out in MICHELAGO. 

Derivation of name 

The name is taken frora Booroornba homestead, at grid reference 792711 

( BRINDABELLA). 

Type locali.!x 

The type locality is on the western side of Blue Gum Creek at grid 

reference 800696 (TANTANGARA), 1.5 km south-southeast of Booroomba homestead. 

Here. medium-grained muscovite granite crops out as elongate slabs and low 

exposures up to 10m wide in which vertical north-south jointing is well 

developed. 

Field occurrence 

In the mapped area, the Luoroomba Leucogranite has four separate 

outcrops, which are probably linked at depth. The largest mass occupies the 
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Road and west of Booroorrha homestead. It hilly country southeast of Corjn 

ex: tencl s east in to MICHELAGO, and 

area of outc~op is about 45 km
2

• 

north as far a.s Gibraltar homestead. Its total 

) 
2 

The smaller masses are: 1 1. 5 km on 

Paddys River Road southwest of Paddys River homestead; 2) about 5 km east

southeast of Smokera G~p; and 3) at Bo~roomba Rocks (grid ref. 803630). 

The leucogranite crops out as rather angular blocks owing to its 

intensive jointing. WherE'I the grainsize is fine, the joints are. closely 

spaced, and the blocks are less than 1 m. Where the rock is coarse-grained, 

joints are mol.~e widely spaced, and boulders are more rounded and everage about 

to 3 m; some tors, however, are much larger. 

The leucogranite intrudes the Shannons Flat Adamelli t• . , two lenses 

of Upper Ordovician Adaminaby beds north of Booroomba. Surrounding the 

leucogr.ani te is a m,1l ti tude of aplite dyke.3, of which some persist for up to 

2 km from the leucogranite. The dykes ajjacent to the small northern 
0 

leucogranite body strike at about 045 • On the western side of the large 

2 

leucogranite body, aplite dykes parallel the leucogranite boundary, and near 

Gibralter Falls they occur sparsely in a prominent vertical east-west joint 

system within the Shannons Flat Adomelli te; on the eastern side of this body 

the aplite dykes are rarer and strike north-south (e.g., at grid raf. 812702). 

At the southern end of the GibreJ.ter Creek Pine Plantations, aplite dykes are so 

abundant near the margins of the le11cogranitE: that they almost conceal the 

leucogranite boundary. 

The grainsi ze ranges from very fine to medium: the ma1·gins and 

associated aplit8 dykes are much finer than the interior of the large body. 

The aplite dykes ar~ commonly porphyritic wit~ phenocry~ts, 2 to 3 mm, of 

quartz, feldspar, and biotite in a very fine-grained pale pj_nk groundmass. The 

leucogranite is commonly highly weathered, especia1ly the coarser-grained 

samples, and is pale yellow-pink and quite friable (for a granitic rock). 

Finer-grained samples are less highly weathered and pale pink; they comprise 

pinkish grey quartz, pale pink feldspar, and small amounts of muscovite a.nd less 

common biotite. Biotite is present only in fine-grained samples from near the 

margins of the bodies, and tends to be slightly porphyritic. In the coarser

grained samples muscovite commonly forms rosettes up to 10 mm~ 
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Petrography 

The Booroomba Leucogranite is a fine to medium-grained allotriomorphic 

equigranular rock ~.;i th an average grainsize of about 3 mma It is composed 

essentially of quartz (40%)' microcline 'l>erthite (35%)' and a.lbi te' ( 15%) <> 

T-'Iuscovite forms interstitial flakes averaging 1 mm, and xenomorphic flakes 

within microcline perthi te; it occupies up to 1 o%. of the rock. Biotite (zero 

to 3%) is usually associated with muscovite, and epidote and opaques are e::tlso 

common interstitial accessories. 

A sample from grid reference 759682 contains scattered subhedral grains 

of garnet, up to 0.3 mm, associated with biotite, epidote, and opaques. Joyce 

( 1973) reported garnets with a high manganese content in leuc.ogranites of. the 

Murrumbidgee Batholith, and concluded that they precipitated as a primary 

miner~l phase from a manganese-rich m3.gma. The abundance and grainsize ·of the 

garnet in the Booroomba Leucogran.i te also suggest that it is a primary mineral 

phase, and not a xenocryst phase. Birch· & Gleadow ( 1974J have di~tinguish~d tw:o 

types of ga:-nets in felsic volcanics 5h Victoria: their type I gar·nets 6onsist 

of small euhedral garnets free of inclusions and·supposedly crystallised 
I 

directly from the magma; their type II garnets consist of larger, oftep 

irregularly shaped grains with abundant inclusions of biotite~ apatite, opaques, 

and quartz, and are supposedly xenocrysts of metamorphic origin. The Booroomba 
' 

Leucogranite garnets most· resemble the type I garnets. Type II garnets also 

o·::!cur in the Murrumbidgee Bathol.i th (see Stewartsfield Granodiorite). 
·, 

Near the margins of the Booroomba LeuC'-:>granj_ te and in many of the 
. ·{ 

associated aplite dyl~es, the rock is porphyritic with :phenocrysts of quartz, 

felds):'ar, and biotite. A sample from grid reference 8017 4L contains rounded 

partly resorbed phenocrysts ... of quartz up to 4 rnm, deformed phenocrysts of 

biotite up to 4 mm, and common partly sericitised strongly.zoned stumpy 

prismatic phenocrysts of pl13,gioclase from 1 to 3 mrli1 in an allotriomorphic 

equigrap.ular leucogranite groundmass with an average·grainsize of 0.3 mm. The 

phenocrysts are similar in composition and morphology to quartz, biotite, and 

plagioclase grains in the enclos:ipg Shannons Flat Adamellite, so they are 

probably contaminants derived from the Shannon.s Flat Adamellite. 
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Cow Flat Granite Porphyry 

Snelling (1960) first published the name Cow. F2.at Granite for a high.:.. 

level intrusion into the TidbinbiE!.a Quartzite, wilich together with the 

Adaminaby beds separates it from the main part of the Murrumbidgee ~tholith. 

Cow Flat Granite Porphyry is a more appropriate nerne. 

The intrusion is named after C0w Flats, on the Cotter River below 

Bendora Dam. The type locality is at grid reference 662762, on the BeJ<dora 

water pipeline immediately south of the cro::Jsing of the Cotter River. At this 

locality a cutting for the pipeline has exposed abundant fresh boulders of the 

porphyry, whose natural outcrop is normally deeply weathered. 

The rock is white to pale cream with conspicuou;; pale grey quartz 

phenocrysts of about 5 mm • The feldspar phenocrysts - pla.g:ioclase and 
. ' 

perthi tic orthoclase, --~hich are the same colour as the groundmass - make up: 
' ' 

about 60% of the total rock. 
I 

Minor biotite and sphene, both less than 0.2 mm, 
.I 

'3-re the only mafic minerals present. The micrograni tic groundmass compriaeEj! 

roughly equal proportions of qu&rtz, potash feldspar, and albite' of 0.1 mm 

average grainsize. 

One sample (from grid ref. 660765) contains no: potash feldspar 

phenocrysts, and is a leucodaci te porphyry. Its only mafic grains are about 
I. 

2% subhedral phF>~vc!'ysts of sphene up to 2 mm. . Clinozoisi te is a common· 

alteration pr.oduct of the plagioclase. 

Unnamed granitoids in the Murrumbidgee Batholith 

Tonalit~ a~_~shvale (Smt) 

At grid ref~~ence 690175, about 1 .5 IJ:ul northw9st of Ashvale, a small 

roughly L-shaped body of tonalite.intrudes the Wes~erly Leucogranite at·its 

boundary with the Yaouk. ~eucograni te. It is mec:ium-grained and contains rare 

eqmdimensional pelitic inclusions. It generally crops out as well-rounded· 

boulders up to 8 m which are fresh to slightly weathered. It has no distinctive 

fracture pattern and is only weakly foliated. 

In hand specimen the tonalite is dark owing to its high biotite and 

hornblende content. The quartz is grey. 
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In thin section the textur.e is distinctly poikilitic: anhedral, weakly 

undulose quartz grains up to 3 mm encloE:.'e lat~1s of, randomly oriented 

plagioclase. The plagioclase forms euhedral laths up to 2 mm enclosed in 

quartz, biotite, and hornblende; lt is oscillatorily zoned from An
60 

to 

An 
20

, and some cores are altered to sericite and saussuri te. Hornblende (up 

to 2 mm) is subhedral and pleochroic: X = grass-green, Y = light green, and Z = 

yellowish green; the rims are generally darker than the cores, some of which 

are tremolite - possibly after augitG. Biotite (up to 5 mm) is subhedral and 

partly altered to chlorite and epidote; it is pleochroic: X = light yellowish 

brown and Y ::: Z = dark brown, and commonly intergrown id th hornblende. Zircon, 

apn ti te, and opaques are accessories. A modal analysis of the tonalite is ·~: 

included in Table M13. 

This intrusion is clearly atypical of the Murrumbidgee Batholith: it 

contains hornblende and no alkali feldspar, is only 'H'eakly foliated, and 

intrudes the leucogranites, yet the other tonalite~ and granodiorites are 

strongly foliated and intruded by other ?lutons in the batholith. It closely 

resembles the Bug town Tonalite, 15 km to the west, and the I-type granitoids 

of the Berridale and Kosciusko Batholiths to the south (Chappell & White, 

1976). 

Granodiorite at 677240 (Smi) 

An elongate body of granodiorite crops out as subangular boulders 

rsnging from 1 to 12 m 1. 5 km northeast of Yarra Glen. The rock, which is not 

foliated, is medium-grained and generally equigranular, and contains scattered 

equidimensional pelitic xenoliths. The intrusion is at the boundary of the 
:,, 

Yaouk Lel.'.cograni te with Ordovician sediments; field evidence suggests that it 

intrudes both. 

In tnin section the texture is hypidiomorphic. Quartz forms subhedral 
' 

to anhedral grains up to 7 mm, and is sometimes m~/rmeki tic. Plagioclase forms 

zoned euhedral to subhedral short prisms up to 3 ,'mm; the composition of its rims 

is about An , and of its cores, most of. which a:::·e altered to sericite and 
20 

saussuri te, about An Microcline (up to 3 mm) occurs interstitially and 
40 
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is generally fresh. Biotite (up to 2 mm) forms short euhedral prismatic 

crysJ l.l s, generally concentrated in clusters; it is partly altered to chlorite 

and epidote, and is pleochroic: X= light yellow-brown, andY= Z= dark brown. 

Muscovite, probably secondary, is present as small flakes, and opaques, apatite, ' 

and zircon are accessories. A modal analysis of the granodiorite is included 

in Table M13. 

The lack of foliation and abundant xenoliths, the presence of dark 

brown (as distinct from red- brown) biotite, ·and the apparent intrusion into the 

Yaouk LeucogrULL te, suggest that the granodiorite is not part of the main suite 

of the Murrumbidgee Batholith and muy be related to the hornblende-biotite 

tonalite at As ivale. 

Granodiorite at 643390 (Smi) 

A small intrusion of dark medium-,grained granodiorite cr()ps out in 

Ordovician sediments about 2 km west of the western bo\indary of the batholith: 

2 km north-northeast of Yaouk. Therock, which is not foliated, contains 

numerous equidimensional pelitic xenoli tl1s, but lacks phenocrysts. 

In thin section the grano~iori te displays an even-graiaed 

hypidiomorphic texture. Quartz (up to 4 mm) occurs mainly interstitially. 

Plagi')clase, which is euhedral and forms short prismatic grains up to 4 mm, is 

zoned from about An to An , though most grains are altered to sericite 
25 45 . .. 

and saussuri te. r.ficroclin.e (up to 4 mm) is subhedral, partly altered, and 

perthi tic. Biotite (up to 5 mm) . forms euhed.ral prisms, but is anhedral against 

plagioclase; it is completely a} tered to chJ.ori te, epidote, and opaques. . A 

modal analysis is included ih Table M13· 

Adamellite at 720280 (Sml) 

This rock crops out at the boundary between the Shannons Flat 

AdameJli te and the Yaouk Leucogranite west of Bradleys Creek; as ::1hovm on the 

map, it probably intrude~.: both. Rare inclusions or' coarse-grained leucoc.ratic 

granite confirm that it is younger than the Yaouk: Leucogranite. It lacks 
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foliation, phenocrysts, and cognate xenoliths. Subparallel vertical fractures 

are fairly evenly spaced in two sets at right-angles, resulting in large (up 

to 10 m) equidimensional unweathered boulders. This medium-grained rock is 

homogeneous i~ structure and mineralogy. 

In thin section the texture is hypidiomorphic. Quartz (up to 2 mm) 

is subhedral to anhedral, and myrmekite is common. Microcline (up to 2 mm) is 

anhedral, s.rd cross-hatch twinning if:; general. Plagioclase (up to 2 mm) is 

euhedral, forms short prisms, and is zoned An ; the margins are slightly 
10-30 

more sodic than the cores, which are generally altered to sericite and 

saussurite. Biotite forms elongate flakes up to 2 mm completely altered to 

chlorite and epidote. Muscovite and minute apatite grains a:re accessories. 

The mode of the adamellite (Table M13) is similar to the mode of the 

Shannons Flat Adamellite pres~nted by Joyce ·(1973). 

Leucogranite at 692162 (Sml) 

This leucogranite, o. 5 km west of Ashvale, forms a small circular 

intrusion in the Yaouk Leucogranite, which it therefore postqates. The granite 

is foliated meridionally and vertically , and crops out as small (up to 2 m) 

moderately to highly weathered angular blocks trending north-south as a .result 

of the foliation. It lacks xenoliths and appears to be homogeneous; it 

comprises grer quartz, weathered yellow-pink feldspar, and a low peres.atage of 

dark minerals. 

In thin section the leucogranite is allotriomorphic a:q.d the foliation 

appears to be only slight. Quartz (up to 1 mm) 09curs in clusters up to 5 mm, 

and is anhedral. Plagioclase (An ) ··forms euhedral prisms' up to 3 mm and 
10-20 

is generally slightly altered; fresh, smaller grains of plagioclase seem to 

be formed near the edges of micro cline grains. Micro cline (up to 2 mm) is 

anhedral and perthitic. Biotite(up to 1 mm) is closely associated with 

muscovite in elongate clusters and is· pleochroic: X = light yellow, and Y = 

Z = dark brown. Muscovite (up to 1 mm) is primary and also occurs as an 

alt8ration product ·of biotite. Andalusite is an accessory, and forms euhedral 

grains'up to 0.5 mm with reaction rims of muscovite. Other accessories are 

garnet, opaques, and zircon. A modal analysis is included in Table M13. 
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The leucogranite has been contact-metamorphosed by the adjacent 

hornblende-biotite tonalite in the same manner as the Westerly Leucogranite. 

TABLE M13. MODAL ANALYSES OF UNNAMED INTRUSIOJfS IN THE MURRUMBIDGEE 

BATHOLITH 

Rock name Grid ref. Qtz Mic Plag Biot/Chl Muse Hbl Others 

tonalite 690175 22.4 58.8 9-5 9-3 

granodiorite 677240 34.6 13.5 41.4 9.2 1. 3 (epidote) 

granodiorite 643390 38.0 7.2 19.6 22.5 6.2 6.5 (epidote, 

opaques) 

adamellite 720280 35.2 26.2 31-7 . 5.8 1 • 1 (epidote) 

lel.<cograni te 692162 38.0 37 ·4 19.1 2.5 2. 1 o.g (aridalu.:. 

site, garnet, 

opaques) 

Age and sequence of intrusion 

· Roddick & Compston ( 1976) have recently completed an isotO}Jic dating 

project on the Murrumri.dgee Bathol,i th. Their results on the Shannons Flat 

Adamellite and Yaouk Leucogranite are in close agreement and give ages ranging 
-11 

from 415 m.y. to 410 m.y. (ARb= 1.42 x 10 /year). Their t·esults on the 

Westerly Leucogranite give somewhat younger ages (405 m.y. and 408 m.y.), but this 

pluton has been.contact-metamorphosed by a younger mafic pluton. The mica ages for 

the granodiorites and the Willoona Tonalite are slightly you~1ger ( 402-4,10 m .y.) 

than the Shannons Flat Adamellite, and this conflict~ with the apparent sequence' 

of intrusion: granodiorite follow9d by adamellite followed by leucogranite. 

However, the.error (~ 4 m.y.) placed on these ages makes them not significantly 

different from the Shannons Flat Adamellite, except for one of 402 ~ 4 m.y. 

for the Bolairo Granodiorite; as the Westerly Leucogranite intrudes the Bolairo 
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Granodiorite t:his age appears to be too young. Yet the ages that Roddick & 

Compston (1976) reported for the Westerly Leucogranite may have been reset by 

the tonalite at Ashvale, which - possibly together with the two granocliori tes at 

grid referencE:s 677240 and 643390 - cannot be considered as part of the 

consanguineous suite that makes up the rest of the batholith and is probably 

younger by several million years. But K/Ar dating of this tonalite has yielded. 

an age of 414 ~ 6 on a biotite concentrate; compared with the Rb/Sr age for the 

Westerly Leucogranite this age is a little too old. 

The sequence of intrusion - granodiorite, adamellite, leucogranite

supports the resti te unmixing model for granitoid genesis proposed by White & 

Chappell (1976), and leads to the conclusion that all the plutons were derived 

from the same region of partial meJ ting in the crust; the granodiori tt~s rose 

rather more rapidly from this region than the adamellites and leucogranites, 

whose xenoliths and xenocryste. had time to settle out. The tonalite at Ashvale 

and younger granodiorites ( Smi) probably came from deeper levels in tha crust. 

GINGERA BATHOLITH 

Noakes·· ( 1946) first introduced the name Gingera G.cani te for a biotite 

granite that crops out in the Brindabella Range west of the Cotter River. The 

name was later published by Joplin & others (1953); Best & others (1964) 

included in it the biotite granodiorite south of Yaouk. Strusz (1971) used the 

term Gingera Group for the Gingera, Bend ora, Stewartsfield, and Condor 

granitoids, but we consider that the Stewartsfield Granodiorite is part of the 

Murrumbidgee Batholith, whereas the Condor Granodiorite is hornblende-bearing 

and probably not related to the other bodies. 
2 

In view of the size (over 200 :{ffi outcrop area) and ,'-:>mposi h~ nature 

of the bodies referred to as the Ginge:ca Grarli te, and their apparent 

consanguinity 1• we consider it appropriate to introduce the term Gingera 

Batholith. We hav3 identified, named, and defined six major plutons, which we 

have described helow in the same order as for the Murrumbidgee Batholith 

plutons: granodiorites, followed by adamell.ites, thyn leucogr.1.ni tes. 
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McLaughlins Flat Granodiorite 

(new name) 

The McLaughlins Flat GLC~.lludiorite comprises a series of 

petrographically and chemically similar igneous bodies which crop out in 

TANTANGARA west of' the Cotter Fault between Yaouk and Adaminaby, and extend into 

BERRIDALE. These bodies are separated from the rest of the Gingera Batholith by 

sediments west of Yaouk. 

Derivation of name 

rrhe name is taken from McLaughlins Flat, 4. 5 km north-northwest of 

Adamineby Post Office. 

Type locality 

The type locality is 2.0 krn west of Adaminaby·on the~Snowy Mountains 

Highway (at grid ref. 576145, BERRIDALE) where many rounded boulders up to 1.5 m 
' .. 

lie on the northern side of the·highway. The rock is a coarse-grained blue-grey 

poorly foliated biotite granodiorite. Biotite-rich pelitic xenoliths up to 10 

em are abundant, and are elongated parallel to the biotite foliation in the 

granodiorite. 

Geographical distribution 

The granodioi·i 'te crops out as a series of irregular bodies of various 
2 

sizes. Its total area of outcrop in TANTANGARA is about 50 km • The main 

body is about 7 km wide at the southern border of TANTANGARA west pf Adaminaby; 

it narrows northward to about 3 km wide near Fontenoy, and cuts out completely 

about 1.5 km northwest of Yaouk. The margin of the intrusion is deeply embayed 

by sedimentary country rock; south of For;tenoy, one such embayment is 5 km long 

and 1 km wide. One other large elongate granodiori t·e body is exposed, east of 

Big Bug town Hill; it is about 6 km long and 1. 5 km wide. Smaller bodies, some 

only a few metres across, are common. 
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White. & others (1 976a) have mapped the southe:r·n continuation of the 

main body for about 3 krn into BERRIDALE 

Yield occurrence 

The granodiorite is generally well exposed. Boul~ers and tors up to 4 

m high are widespread both in the southern undulating grassed country and in the 

steeper forest country to the north. Exposures are poorer near .the margins of 

the bodies where the foliation is more strongly developed and the weathering . 

deeper. Roof pe11dants are common; one northeast of the Snowy Mounta~_ns Highway 

near Willow Grove is 2 km long and up to 500 m w:.de. · East of Big Bug town Hill a 

sedimentary screen le3s than 1 km wide separates the main body from a smaller 

body; the screen is over 9 km lo>'lg, and to the north bends a'round the smaller 

body like a fold, indicating either that the structural crientation of the 

sediments .was an important factor in controlling intrusion Ol' that the sediments 

were folded 11fter they were intruded. The Cotter Fault in the Murrumbidgee. 

valley cuts out the eastern ~:~dge of the main body. Near Stuartfield several 

land slips have occurred: granodiorite boulders have slid down the fault scarp 

and at grid reference 613282 are more than 50 m east of the fault line. 

Hand specimens from all outcrops a?e similar. Samples from small 

bodies only a few metres wide are similar in grainsize, texture, colour, and 

mineral composition to samples from the centres of the larger bodies. The rock 

is a medium to coarse-grained equigr·anular granodiorite with grains up to 3 mm. 

It is composed of white feldspar~ pale blue-grey quartz, and black biotite; 

mafic mineralB constitute ,about 20% of all samples. At some localities (e.g. 

grid ref. 583210) the alignment of biotite flakes defines a strong foliation, 

which is best developed near the margins of the larger bodies* 

Discoid pelitic xenoliths up to 40 em are abundant throughout. They 

show a range in degree of assimilation f~om bedded metasediments up to granitic 

patches slightly richer in biotite than the granodiorite. Where the rock is. 

foliated the xenoliths are aligned parallel to the foliation, but much of the 

strongest foliation is obviously secondary and in places the rock approaches a 
mylonite. 
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Petrography 

All samples coJlected are biotite granodiorite. Modal analyses are 
I 

presented in Table M14. 
The rock has a disti~ctive hypidiomorphic granular fabric with 25 to 

50% of stumpy prismatic grains of plagioclase up to 2 mm; rare euhedra1 

plagioclase phenocrysts are up to 5 mm. The plagioclase is strongly zoned with 

An cores and rims as sodic as An ; the cor~s are commonly highly 
40 ' 5 

sericitised. Between 30 and 40% quartz is present, as anhedral interstitial 

patches up to 3 mm. In some samples a secondary foliation is well developed, 

and quartz has been deformed and has recrystallised into composite grains. All 

samples shvw some signs of strain, as the quartz invariably shows markedly 

undulose extinction. 

Biotite forms subhedral to anhedral flakes, up to 1.5 mm, with 

inclusions of apatite, zircon, and opaques. It is pleochroic with X = pale 

yellow-brown, Y = Z:::: dark reddish brown, and 2V ~ 15°. In most samples 
X 

the biotite is bent and partly recrystallised, and commonly has associated 

seconJary muscovite. Again in most samples~ the edges of biotite flakes are 

altered to biaxially positive pale green chlorite as a result of weathering. 

Microcline is uncommon in the McLaughlins Flat Granodiorite. It forms " 

sporadic interstitial grains up to 2 mm, commonly moulded onto euhedral 

plagioclase crystals. The microcline has poorly developed cross-hatch twinning 

and no apparent perthite lamellae. It generally shows undulose extinction. 

The accessory minerals apatit~, zircon, and opaques are commonly 

associated with biotite. ~he apatite forms rare euhedral prisms up to 0.1 mm 

long; the zircon is common as euhedral grains up to 0.2 mm; and the opaques 

form subhedral to anhedral grains up to 0.5 mm. 

Bendora Granodiorite 

Nomenclature 

Noakes (1946) introduced the name Bendora granite, and Snelling (1960) 

first publiahed it when he mentioned it as an example of a contaminated granite 

west of the Murrumbidgee Batholith. The name was also used by Best & others 

(1964), who described the rock as a foliated granodiorite. It is here redefined 

as the Bendora Granodiorite. 
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Derivation of name 

The name is taken from Bendora Creek, which flows northeast across par,t 

of the outcrop of the pluton and joins the Cotter River at grid reference 

665790. 

Type locality 

Good exposures of the granodiorite are rare, as weathering is deep. At 

the type locality (grid ref. 645798) or Warks Road, a few boulders up to 1 m of 

medium-grained foliated biotite granodiorite are expo8ed on the side of the 

road. The rock contains a few white alkali feldspar phenocrysts up to 5 mm and 

is clmost an adamellite in composition. 

Field occurrence 

The Bendora Granodiorite outcrop is about 10 km long and 2 to 3 km 

wide, entirely in BRINDABELLA. It extends from just east of Mount Franklin. in 

the south almost to Bendora Road in the north, and occupies most of the area 

between the crest of the Brindabella Range and the Cot~;er valley near Bendora 

Dam. It is highly weathered, and more easily eroded ·than the sediments to the 

west, which crop out on the higher parts of the range. 

The granodiorite is exposed generally as small tors and rubble, bu~ 

also as larger tors up to 3 m high and 2 m wide .in plaues (e.g., grid ref. 

628755). Robf pendants of the Nungar beds are common and are oriented 

meridionally. Near grid reference 620785, the granodiorite merges into a series 

of meridional porphyry dykes. Three aplitic bodies intrude it: on the Bendora 

Road near Bulls Head, near grid reference 615770, and east of Mount Aggie. The 

grar.odiorite's relation to the Ginini Leucoadamellite is unknown, but if the 

t_sranodiori te-adamelli te-leucogranite sequence of intrusion is tenable - as it 

appears to be for the Murrumbidgee Batholith and elsewhere in the Gingera 

Batholith- then the leucoadamellite int:rudes the granodiorite. 

The granodiorite is a medium-grained grey to white rock with about 10 

to 15% biotite. It is commonly intensely deformed, displaying 'eyes' of 

feldspar enveloped by aligned grey quartz and biotite. Xenoliths are not 
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common, and consist mainly of clots of biotit~ and plagiocla~~ a few centimetres 

in diameter. In overall appearance the rock is similar to the McKeahnie 

Adamellite, which crops out to the south. 

The rock has a hypidiomorphic texture with stumpy subhed1•al to euhedral 

strongly zoned plagioclase (30%), ana interstitial .strained quartz (40%) and 

microcline perthi te ( 15%), all of about the same grainsize (2 to '3 mm). Red

brown biotite (15%) is bent, and recrystallised round the margins to fine

grained muscovite and biotite intergro·..rths. Epidote, apatite, zircon, and 

opaques are associated with the biotite. Most samples contain 2-mm intergrowths 

of muscovite and minor biotite, probably pseudomorphing subhedral grains of 

cordierite. 

The microcline content of this rock puts it near the boundary of the 

adamellite and granodiorite fields, and in this respect it is similar to the 

Stewartsfield Granodiorite in the Murrumbidgee Batholith and to the McKeahnie 

Adamellite. It differs from the other granodiorites in the Murrumbidgee 

Batholith and from the McLaughlins Flat Granodiorite in containing Ttlore 

microcline, less biotite and plagioclase, and fewer and smaller xenoliths. A 

modal analysis is included in Table M14. 

Nomenclat'.lre 

McKeahnie Adamellite 

(new name) 

This is the body that crops out on Mount Gingera and is probabiy the 

'· one that Noakes ( 1 946) referred to as the Gingera Granite. Our use of the name 

Gingera for the name of the batholith precludes its use for the name of a 

subunit of the batholith. We have accordingly chosen the name McKeahnie 

Adamellite. 

Derivation of name 

The name is taken from McKeahnie Creek, which flc·ws across part of the 

pluton outcrop just north of Mount Bimberi. 
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!.Ype localitx 

The type locality is on the top of Mount Gingera (grid ref. 611614), 

where the adamellite is well exposed as elongate tors up to 10m long. The 
0 

elongation of the tors parallels a foliation which dips 85 west .and strikes 
0 

at 345 • 

Field occurrence 

The McKeahnie Adamellite is a meridionally elongate, irregularly shaped 

body about 23 km long and 2 to 3 km wide. It extends from Ginini Flats 1n thfl. 

north to the headwaters of Paytens Creek in the south. It is well exposed, 

especially on the tops of ridges. Elongate tors many metres high are common., 

and groups vf tors are separated by joint planes parallel to the foliation l.n 

the rock. 

The rock is a white to grey foliated biotite adamellite. The grey

brown weathering skin is less than 1 em thick and is commonly absent on faces 

freshly bra ken by frost shattering. Biotite, which forms about 10% of the roclf~ · 

occurs as aligned flakes of about 2 mm, which partly wrap aro1md white feldspar 

and pale violet quartz up to 4 mm. Xenoliths are uncommon and consist of 

discoid biotite-rich pell. tes mostly less than 5 em; th.::. most common types are 

less than 2 em and are made up almost entirely of biotite. A ·w9ll-developed 
0 0 

foliation at all outcrops commonly dips west at 75 to 85 on the western 

side of the intrusion and east at 75° to 85° on the eastern side of the 

intrusion, and appears to be parallel to the cleavage in the surrounding 

sediments. 

Mafic dykes intrude the McKeahnie Adamellite at grid reference 601553 

and 607642; another intrudes the Bendora Granodiorite at grid reference 626747· 

The three dykes are similar and contain rare phenocrysts of plagioclase up to 5 

x 2 mm and apatite up to 2 x 1 mm in a very fine-grained (0.1 mm) grey-green 

groundmass consisting of about 60% feldspar; 25% intergrown biotite, chlorite, 

and actinolite; 5% opaques; 5% calcite; and minor brownish green hornblende, 

quartz, and epidote; calcite is common in subrounded amygduleti up to 2 em. 
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Petrography 

The McKeahnie Adamellite is similar to the Bendora G!'an,6diori te, but 
I carries a little more microcline perthite. Modal analyses of two samples are 

included in Table M14. Plagioclase forms stumpy prisms up to 4 rr:un in random 

orientation. Cores are oscilla tor·ily zoned up to An
40 

and are/ commonly 

sericitised; most grains have narrow rims of An Some of: the prisms are 
5-10 

bent and broken. The plagioclase is set between highly strt~ineci and partly 
I 

recrystallised quartz of about 3 mm, and lesser r:J.icrocline pe;rthi te. 
I 

Discrete bent and partiy recrystallised flakes of b~otite from 1 to. 2 

rum are pleochroic from pale brown to dark red- brown, though some recrystallised ·. 

margins are brownish green. Secondary muscovite is common around the edges of 

the biotite flakes, and also forms as very fiYJe-grained intergrowtht3 up to 3 mm, 

probably after cordierite. Apatite, zircon, and opaques form inclusions in the 

biotite; the zi:rcon has a dark brown pleochroic halo. 

Nomenclature 

Half Moon Peak Adamellite 

( ne1-1 !lame) 

We have introduced the name Half Moon Peak Adamellite for a coarse

grained adamellite which c!'ops out on Mount Murray, Mount Morgan, and Half ~Ioon 

Peak. A poorly known finer-grained stock in the Murrumbidgee valley at Platypus 

Lodge, included in the Half Moon Peak Adamellite, may be a separate intrusion. 

Derivation of name 

The name is taken from Half Moon Peak (grid ref. 597434), which forms 

part of the outcrop of the intrusion. 

Type locality 

The type lo~ality is on the top of Mount Morgan (grid ref. 612436), 

where the adamellite is exposed as slightly elongate tors up to 3 m high. 

Foliation is weakly developed. 
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Field occurrence 

The Half Moon Peak Adamellite occupies most of the high country between 

the Murrumbidgee River in the ·.soutl! and Mount Bimberi in the north •. ~t is well 

exposed - somewhat betti:;r than the McKeahnie Adamellite, W'hich o~CUP,i.es the 

lower country to the west - and forms large tors fairly closely spaced over the 

whv~e area. 

------
----- ------·--

The rock is coa:rse~to-medium-grained with an. average grainsize of about -----
5 mm. Bioti tee in pa~ticular is much coarser than in the McKeahnie Adamellite. 

Quartz·is grey to pale violet and both feldspars ar8 white. At the northern end 

of the intrusion, north of Mount Murray, ... white alkali feldspar ·m~gacrysts up to 

20 x 10 mm are abundant, and the rock resembles parts of the Shannons Flat 

Adamellite in the Murrumbidgee Batholith. 

The Half Moon Peak. A.damel.li te contains. xeaoL .. ths of the McKeahni.e 

Adamellite near their conta.ct at grid refer'~nce 611502, :.. l:l'd therefore must be 

·the younger of' the two., It is cut by leucogranite dykes at grid reference 

625485, and is intruded by the Bimberi Leucogranite. 

Petrography 

The rock has a coarse-grained hypidiomorphic te£. +:u:':'e ~Ti th plagioclase 

and tnicrocline in roughly equal proportions. The plag10clase is 3 to 5 mm, and 

is typical for the batholith, as it has zoned cores up to An and narrow 
45 

albitic rims. Quartz is just as strained and recrystallise0 aa;in the o~her 

plutons in the batholith, and forms anhedral grains of 4 to 5 mm between· 

plagioclase prisms. Biotite flak~s are bent and partly recrystallised; thef 
- . ' 

are less oriented than those in the. finer-grained adamelli tes in the batholith, 

and impart only a weak foliation to the rock. Secondary muscovite is common 

around biotite flakes and often penetrates into the associated biotite; it also 

occurs in patches up to 4 mm,. probably pseudomorphing cordieri te. Accessory 

apatite, zircon, and opa~ues are associated with and commonly included in 

biotite~ A modal analysis is included in Table M14. 
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Ginini Leucoadamellite 

(new name) 

We have introduced the name Ginini .Leucoadamellite for a fine to 

medium-grained elong'ite pluton which crops out to the east of the McKeahnie 

Ad"'mellite east of Mount Gingera and extends northwards for about 12 km to the 

Bendora G~anodiorite east of Mount Franklin. 

Derivation of name 

'.rhe name is taken from Ginini Creek, wh.i.ch flow~ across the northern 
. . 

end of the pluton and rlrops . over the spectacular·. Ginini Falls (over 100 rn /high) 

at the eastern contact ·1f the pl'.lton with the Nungar beds (grid. ref'. 6357C)3) •. · 

Type ~Jcali ty 

The type· locali ty•. (grid ref. 618653) is on. a rough track about 50 m 

north of its c.rossing of Stockyard Creek. This is the most accessible goD1 ,. 

exposure of the pluton, arid, although the rock is somewhat more foliated here 

than elsewhere because it is . close to a fault, it is still ~ ighte~~ than the 

adjacent McKealmie Adamellite. 

Elongate boulders up to 1 m high consist of rare plagioclase 

phenocrysts 1.1p to 5 rnrn in a folia ted fine to medium-grained groundrnass of white 

feldspar, greyish violet quartz, and less than 5% al.ignen ·biotite~ 

Field occurrence 

This pluton lies betwuen the McKeahnie Adamellite in the south and. the' 

Bendora Granodiorite in the north. It is about 14 km long and 2 km wide. Much 

of its contact with the McKeahnie Adamellite is faulted., but the fault dies out 

to the north, and. eG.;t of Ginini Flats a narrow sedimentary screen' separates the 
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two plutons. The relation between the two plutons is obscure. Two generations 

of aplite dykes intrude the screen east of Ginini Flats, but their relations to 

the plutons are obscure. The relative ages of the Ginini Leucoadamellite and 

the Bendora Granodiorite are not evident from their field relations, but we 

suspect that the granodiorite is older. 

The Ginini Leucoadamellite is a medium-grained biotite-poor white rock, 

commonly exposed as rounded tors up to 10 m in diametel'. The rock is deeply 

weathered and fresh samples are difficult to obtain. Biotite and muscovite are 

evident in hand specimen. The biotite content is usually about 3 to 4%, but 

increases to over 5% at some localities near the faulted contact with the 

McKeahnie Adamellite (e.g., at grid ref. 624617). Patches of tourmaline, and 

bioti te-:dch xenoliths up tv 2 em, are common. Numerous finer-grained 

leucogranite stocks and aplite dykes intrude the leucoadamellite; the larger 

ones are indicated on the 1:100 000 maps •. 

At Ginini Falls the contact between the leucoadamell,i te and the Nungar 

beds is well exposed near the base of the falls, which apparently developed 
'o 

L·:7;,cause of the change in rock resistance at the contact. Joints dipping 60 

west are very common in the,cliffs surrounding t}).e falls. 

Petrography 

A modal analysis of a sample from.the Ginini Leucoadamellite is 

included in Table M14. Thi3 sample probably has a slightly higher biotite 

content than the average for the pluton. 1:. 

The rock is similarly deformed to other plutons in the batholith, and 

its mineral assemblage is sirrlilar too: subhedral strongly zoned plagioclase, 

quartz, microcline, red- brown biotite, and ?cordieri te pseudomorphs. Its 

average grainsize is 2 to 3 mrn, but microcline is locally up to 6 mm. 

Microcline is more abundant than plagioclase, and biotite makes up less than 5% 

of the rock. Secondary muscovite is associate(i with the biotite. Muscovite of 

probably primary origin in some samples forms :..Jth rosGi:;tes several millimetres 

in diameter remote from biotite flakes, and pl::ttes interlayereu with primary 

biotite flakes. A feature not evident in the more mafic plutons is the ra~e 

subgraphic quartz and feldspar intergrowths in some samples of the leuco

adamellite. 
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Bimbari Leucogranite 

(new name) 

We have introduced the name Bimberi Leucogranite for the pluton which 

occupies mo~-1:; of Mount Bimberi. 

Derivation of name 

The name is derived from Mount Bimberi (elevation 1912 m), the highest 

peak on the divide between, th-:~ Goodradigbee .1nd Cotter Rivers. 

Type locality 

The type locality is the top of Mount Bimberi (grid ref. J)20522), where 

the leucogranite is w.ell exposed in slabs, :pavements, and rounded Stlrfaces close 

to the ground. Tors are not well developed, and rubbly angular blocks are 
,;. I 

' 
present between the areas of outcrop. The rock is fine-grained, pale pink, 

saccharoidal, and poor in biotite. 

Field occurrence 

The Bimberi Leucogranite is a stock about 4 km long and 1.5 km wide. 

It intrudes the McKeahnie Adamellite and the Half Moon Peak Adamell:..te and 
' 

occupies most of the dol!le-shaped massif of Mount B::.mberi. It extends south to 

the break in slope about 1 km north of Murrays Gap, and north to within a few 

metres of McKeahnie Creek. 

It is exposed mainly as angular blocks of talus on the steeper slopes, 

but commonly as slabs and pavements on the crest of Mount Bimberi. 

The rock is a fine to medium-grained two-mica g::-anite which weathers 
"•/ .•· I 

to a pale yellowish pink saccharoidal rock; it is finer-grained to the south. 

Dark mineri:ils rnak8 up only ;i to 2%. Ph~nocrysts (2 to 3 mm) of q_uartz, biotite, 

and plagioclase are common at some localities (e .. g., grid ref. 616525), and 

tourmaline is a widespread acc~ssory. 



·~ 
i 

M223 

Petrography 

The leucogranite is distinct from the more mafic plutons in the 

batholith. All grains are anhedral and average 1 to 1 • 5 mm. Quartz and 

mi.crocline make up 75 to 80% of the rock; the microcline shows coarse cross

hatch twinning. Plagioclase is mostly slightly zoned anhedral albite, but here 

and there a few larger gra~ns have subhedral cores of andesine. Muscovite is 

the main mica; it occurs as primary masses and rosettes up to 10 mm long with 

minor in terlayered biotite, and as secondary xenomorphic growths enclos.ed in 

microcline. Two types of biotite are present: one is somewhat porphyritic, 

pleochroic in the characteristic pale yellow-l:rown to red-brown scheme, and not 

associated with primary muscovite; the other is interlayered with primary 

muscovite and is pleochroic from almost colourless to pale brownish green. A 

modal analysis of a sample from the type locality is included in Table M14· 

At grid reference 616525 phenocrysts up to 4.mm ol red-brown biotite, 

rounded quartz grains, and euhedral andesine with al bi tir..: overgrowths make up 

about 20% of the.rock. These grains are similar in morphology and size to those 

in ad~a.cent plutons and are interpreted as contaminants .derived from those 

plutons .. 

Despite the lack of foliation in hand specimen the pluton has been 

int~nsely rieformed like all the other plutons in the batholith. Microcline has 

wavy ex tinction;· muscovite and biotite are bent and broken; and quartz has 

recrystallised into a mosaic or irregular grains with undulose extinction. 

Zones of. recrystallisation into tiny grains less than 0.01 mm form subparallel 

bands within and around the margins of original quartz grains. 

Unnamed intrusions in the Gingera Batholith 

Many unnamed stocks and dykes of aplite and leucogranite·(inrlicated 

by Sgl) intrude the Gingera Batholith and surrounding sediments. They are 

particularly com.:non within and adjacent to the Ginini Leucoadamelli te and 
,, 

perhaps the Bendora Granodiorite, but appear to be absent from the McLaughlins 

Flat ·Granodiorite. Their mineralogy is similar to that of the Bimberi 

Leucogranite. 
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TABLE M14. MODAL ANALYSES OF THE GINGERA BATHOLITH 

PI uton McLaugh i Ins McLaugh I Ins McLaugh I ins Ben dora McKeahn i e McKeahn i e 
Fiat FIat FIat Granod I os·i te Adame I lite Adamellite 

Granodiorite GranodIorIte Granodiorite 

Sample no. 71840001 71840002 71840024 73840024 72840087 72840095 

Grid ref. 589195 583210 597219 648791 611614 612579 

Quar~z 40.5 37.5 33.6 39.7 34 •. 8 36.8 

Mlcrocline 8.0 7.3 6.3 13. 1 19.3 20.5 
perthlte 

P lag locI ase 27.4 27. 1 35.5 28.3 29.4 26.8 

Biotite 22.8 23.7 16.7 12.0 9. 9 11.4 

Muscov lte 4.2 s. 5 6.0 3.8 

Chlorite 7. 1 1. 1 o. 2 

,1\ccessor I es 0.4 0.2 o.8 0.3 0.4 0.9 
(apatite, 
z freon, 
opaques, 
epidote, 
tourmai I ne) 

PI uton McKeahn ie Ha If Moon Ginlnl Bimberi Unnamed 
Adame II ite Peak 

Adame II ite 
Leucoadame II i te Leucogranite leucogranite 

Sample no. 72840096 72840019 72840093 72840094 72840088 

Grid ref. 605553 602407 624617 620522 63065.1 

Qt.oartz 34.5 33.0 40.0 35.8 36.6 

Microcl ine 21.8 27 .o 29.1 32.3 40.9 
perthite 

Plagioclase 24.8 25.2 21. 1 21. 1 13.8 

Biotite 16.2 9.0 5.6 2.2 0.4 

Muscovite 2. 1 4.9 3.8 8.4 8.0 

Chlorite 0.3 0.4 0.2 

Accessories 0.3 0.5 0.4 0.2 o. 1 
(apatite, ' 

z freon, 
opaques, 
epidote, 
iourm,'ll i ne) 
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At grid reference 638497, 1.3 km east of .Murrays Gap, a hornblende 

microtonalite dyke intrudes the Half Moon Peak Adamellite. The rock contains 

abundant highly zoned plagioclase (An ) , greenish brown hornblende, dark 
. 80-20 

greenish brown biotite, and undulose interstitial quartz. 

At grid refe~ence 607642, ~ foliated porphyry dyke of tonalite 

composition intrudes the McKeahnie Adamellite. It contains phenocrysts of 

strongly zoned (An ) plagioclase up to 4 mm in a groundmass with an 
55-10 

ave:t.•age grainsize of 0. 5 mrn, containing zoned plagioclase, quartz, 15% brown . 

biotite, and about 3% blue-green hornblende. Microcline appears to be .. absent. 

These two dykes have been deformated in the same way as the rest of the 

batholith, but their composition distinguishes them from the other rock types. 

Porphyry dykes of adamellite composttion intrude the sediments aJjacent 

to the me.in part of the batholith at grid rPferences 641559 and 647632. Smal} 

stocks up to several hundred metres wide crop out at various places and are 

shown on the maps as correlating with the major plutons. 

Contact effects 

The McLaughlins Flat Granodiorite, Bendora Granodiorite, and McKeahnie 

Adamellite have had only minor contact metamorphic effects on the adjacent 

sediments. In thin section, original detrital quartz grains are still 

identifiable only 1 em from an intrusive contact. These grains are somewh::1t 

overgrown by secondary quartz and 8et in a matrix of muscovite and biotite. A 

sandstone sample from grid reference 590605, about 1 m from an outeropping 

intrusive contact of the McKeahnie Adamellite, contains mostly chlorite and 

muscovite of metamorphic orig:::n as the matrix minerals and only rare scattered 

biotite, but biotite is abundant and chlorite absent adjacent to a 1-mrn wide 

quartz vein in the rock. The lack of biotite away from the vein suggests that 

water had difficulty in moving through the rock, thus re~arding dehydration 

reactions; chiorite would have been metastable in the presence of muscovite. 

r1ore than about 20 m away from the margin, contact effects cannot be resolved in 

thin sections, and the rocks have the same assemblage ( quartz-serici te-chlo::i te) 

as sediments remote from granitoid contacts. 

The more leucocratic rocks of the Gingera Batholith have had more 

intense metamorphic effects than the granodiorites and mafic adamellites. 

Sediments are spotted, indicating the presence of cordierite, within 50 m of 

their contacts with the Bimberi Leucogranite and Ginini Leucoadamellite. Thin 
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sections show that the cordierite has completely retrogressed to pinite, and 

well-formed crystals of biotite are abundant. 

Because the Gingera Batholith is similar to the Murrumbidgee Batholith, 

its age is likely to be Late Silurian. A biotite/who:e-rock pair from the 
87 

McLaughlins Flat Granodiorite gave a Rb/Sr age of 412 !_ 8 m.y. (ARb = 
-11 

1.42 x 10 /year) and an initial ratio of 0.7134.:!: 0.001; this age is 

similar to those that Roddick & Compston ( 1976) determined for. the Murrumbidgee 

Batholith. 

Nomenclature 

KOSCIUSKO BATHOLITH 

Gang Gang Adamellite 

(new name) 

As a result of reconnaissance mapping of the. Eucumbene-Tumut tunnel 

line, Hall (1949) gave the name Happy Jacks Granite to the granite cropping out 

on Happy Jacks Plain (in KOSCIUSKO) and extending north as far as Alpine Hill 

(in TANTAN\i-ARA). However, Williams ( 1974) has shown that the Happy Jacks 

Granite does not extend into TANTANGARA, so we have introduced the name Gang 

Gang Adamellite for the granitoid that extends from the southwest corner of 

TANTANGARA north of Alpine Hill, and then farther north again to the south end 

of Boggy Plain east of the Boggy Plain Fault. 
! --. 

Derivation of name 

The name comes from Gang Gang Creek, which flows across part of the 

pluton east of the Boggy Plain Fault. 
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Type locality 

We have designated the type locality for the most common rock type in 

the pluton, perthitic leucoadamellite, as grid reference 410188, on a rough 

track near the headwaters of Swamp Creek. At this locality tors of adamellite 

carrying about 5% biotite are up to 2m high, and are the freshest exposures 

encountered in the pluton. 

Field occurrence 

The Gang Gang Adamellite is a large granitoid forming the northern end 

of the Kosciusko Batholith. It consists of muscovite and biotite-bearing leuco-. 

ad.9.mellite and sodic leucogranite. In TANTANGARA the leucoaC:amellite crops out 

in two areas separated by the Boggy Plain Fault. The northern area is bounded 

to the west by the Boggy Plain Fault, roughly along the line of Alpine Creek, 

and extends to the east to Gang Gang Creek and to the north to the southern 
2 

end of Boggy Plain, an area of about 14 km • The southern area extends from 

north of Alpine Hill to south of TANTANGARA. This body is elongated along a 

south-southwest axis and is about t) km wide, narrowing to 2 km south' of Tabletop 
2 

Mountain. The total area of· the southern section is about 30 km • White & 
2 

others (1976a) have mapped about 1.5 km of the Gang Gang Adamellite in 

BERRIDALE. The topography developed over the body is hilly to undulating, and 

some areas are deeply dissected. Maximum relief within the granitoid, about 

450 m, is from Alpine Hill to the Eucumbene River. 

The adamellite is reasonably well exposed; it forms tors mostly less 

than 2 m wide and float less than 1 m in diameter. In some areas along the 

Eucumbene River it crops out in bluffs and low. cliffs, and east of Tabletop 

Mountain it forms flat rocky terraces 10 to 20m widn. 

In hand specimen two varieties of the adamellite can be distinguished. 

Biotite-poor leucoadamellite crops out near the eastern and w~stern margins of 

the pluton. This is a fine to medium-grained white to cream rock with about 

1% biotite. Muscovite is rare in s-::>me samples and common in others. Near 

. Tabletop Mountain, biotite-poor leucoadamellite contains about 8% muscvvite in 

groups and rosettes up to 10 mm. The biotite-poor variety is commonly :.tl bite

rich, but this is. not distinguishable in hand specimen. 
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Farther from the margins the biotite-poor leucoadamellite grades into 

an adamellite with about 5% biotite. This is commonly white and medium-grained 

but in a few places it is pinkish. Biotite and lesser muscovite are scattered 

throughout. 

At the northern end of the ~damellite, where it is intruded' by the 

Boggy Plain Adamellite, the Gang Gang Adamellite has been recrystallised. In 

hand specimen it is finer-grained than normal, saccharoidal, and has phenocrysts 

of quartz about 3 mm. 

Field relations 

The Gang Gang Adamellite intrudes Ordovician and Lower Silurian 

sedimentary rocks. Contacts with the surrounding sediments are generally poorly 

e:x: posed, but at grid references 394237 and 461245 contacts between the 

adamellite and micaceous quartzite are sharp~ North of Alpine Hill and south 

of Boggy Plain the adamellite is intruded by the Boggy Plain Adamellite, and 

has been contact-metamorphosed by it. Several small basic and inteTinediate 

stocks related to the Boggy Plain Adamellite intrude the Gang Gang Adamellite 

at grid references 416182, 382205, and 385211. At several other localities the 

wbite leucoadamellite has been altered (?metasomatised) to a pink granite (at 

grid refs. 380186, 424240, and 449223); this alteration may also be related 

to the later intrusion of the Boggy Plain Adamellite anl related stocks. 

Petrography 

The Gang Gang Adamellite can be divided into three distinct rock types 

on their petrographic character: (1) sodic leucogranite, (2) perthitic leuco

adamellite, and (3) metamorphosed perthitic leucoadamellite. 

(1) Sodic leucogranite. Rocks of this type are known from two areas; along 

Alpine Creek and the Snol·JY Mountains Highway east of Alpine Hill; and southeast 

of Tabletop Mountain. Sodic leucogranite is allotri0morpLic, with an average 

grainsize of about 2 to 3 mm. Quartz (40-50%) forms anhedral grains up to 4 

mm. Plagioclase ( An5-1 0 ) forms slightly zoned al'Jite-twinned grains up to 

2mm ( 1 5-20%). Sodic alkali fteldspar (35-45%) forms anhedral grains up to 4 
mm. The alkali feldspar has !10 recognisable antiperthite lamellae, but aligned 

flecks of sericite throughout the grains ma.y be alteration products of such 
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lamellae. The alignment of the sericite is best seen on (010) faces where it 

intersects (001) cleavage at a high angle. This orientation of the sericite 

flecks is similar to.the orientation of perthite and antiperthite lamellae in 

alkali feldspars. Carlsbad, Manebach, and very fine discontinuous albite twins 

are common in the sadie alkali feldspar grains. Biotite forms rare chlori tised 

flakes less than 1 mm (less than 2%), and muscovite (1%) forms rare subparallel 

groups in which the individual flakes are less than 0. 5 mm. Opaques are 

commonly associated with muscovite, and accessory apatite and zircon are rare. 

A sample from grid reference 361165 containc p~rthite (10%) as well 

as sadie alkali feldspar (10%); the perthite is common in parts of the thin 
I 

section and the sadie alkali feldspar is common in others. The rock also 

contains about 30% slightly zoned plagioclase (An ' ) , 35% quartz, and 5% 
5-15 

mu~covi te. It is a leucoadamell:;. te. 

(2) Perthi tic le~gamelli te. This is the most common rock type in the Gang 

Gang Adamellite. NeE>.r the eastern and western m[' .. ,..gins of the body there is 

virtually no biotite, but towards the centre +-he biotite content increases to 

over 5%. The rock is composed of anhedral quartz (35-40%) up to 4 rnm, 

microcline (30-40%) also up to 4'mm, zonpd plagioclase (An ) from 1 to 2 
5-20 

mm (20-30%), and mica (about 6-8%). The microcline contains film, vein, and 

patch perthite lamellae and is commonly twinned on the albite, pericline, and 

Manebach laws, and less commonly on the Carlsbad and Baveno laws. Rarely the 

albite component of the perthite occupies up to 50% of a particular perthite 

grain; such albite patches exhibit albite twinning. Muscovite and broYn 

biotite both range between zero and about 8% of the rock. When biotite is rare 

muscovite is common, and vice versa. Muscovite commonly occurs as groups in 

which individual flakes are up to 0.5 mm. Biotite up to 1 mm is pleochroic from 

pale bro Nn-yellow to dark brown and is commonly chlori tised. Zircon and opaques 

are commonly associated with the biotite, and many biotite flakes have 

pleochroic haloes around zircon inclusions. In a few samples biotite has been 

partly recrystallised into a mosaic of smaller grains. 

(3) Metamorphosed perthitic leucoadamellite. This rock type was derived from 

the perthitic leucoadamellite by contact metamorphism from the later Boggy Plain 

AJamnllite. It c~ops out on the northern slopes of Alpine Hill and along the 

ridge which forms the divide betweer. Boggy Plain and Alpine Creek. It has a 

fairly similar modal composition to the perthitic leucoadamellite type, from 

which it differs in a number of ways. 
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Grain boundaries of most of the minerals are irregular, and quartz has 

commonly recrystallised into composite grains, some of which show triple-point 

junctions. The average grainsize is less than 1 mm, but some perthite and 

quartz grains are up to 3 rnm. The potash feldspar phase of the alkali feldspar 

rloes not exhibit well developed cross-hatch twinning, and is probably more 

disordered than the potash feldspar in the unmetamorphosed rocks. Perthite 

lamellae are mainly patch perthite with interconnectinG veins, whereas fil~ 

and vein perthite predominate in the unmetamorphosed rocks. Biotite has a 

distinctive pale yellow-brown to green pleochroism. 

Plagioclase is less common in the metamorphosed rocks (10-20%) than 

in the unmetamorphosed rocks (20-30%), and is more calcic (An ). Also, where . 20 . 
the perthite lamellae of alkali feldspar are twinned, they are more calcic 

(An or possibly An ) than the albite lamellae in the alkali feldspars 
15 20 

of the unrnetamorphosed rocks. Therefore it appears that there has been a loss 

of sodium from the rock during metamorphism; this may be significant if a 

metasomatic origi.n for the sodic leucogranite is postulated. 

Muscovite is more abur.dant (up to 10%) in the metamorphosed rocks. than 

the unrnetamorphosed ones. As well as occurring as interstitial flakes and 

groups (probably premetamorphic rouser·.:; te) , it forms xenomorphic grains within 

perthite, and flakes up to 0.5 rnm within plagioclase. 

Andalusite is common, constituting up to 5% in samples from grid 

references 443277 and 416242 (i.e., the highest proportions are nearest to the 

Boggy Plain Adamellite contact). It forms subhedrel to euhedral prisms up to 

2 x 1 mm, commonly associated with micas - particularly muscovite - and 

plagioclas~. If it is not embedded in muscovite it has a very narrow rim of 

muscovite. Its association with plagioclase is probably due to the association 

of muscovite with plagioclase. Andalusite is separated from potash feldspar 

by a ~.arrow reaction rim of muscovite. The muscovite may be a retrograde 

product from an initial stable assemblage of andalusite and potash feldspar;. 
0 

if so, then the rock must have been heated to temperatures above about 550 C 

(Evans, 1965). Alternatively, the low water content of this recrystallised 

granitoid may have retarded mineral reactions, and the potash feldspar and 

andalusite were not in equilibrium with one another even though they are 

separated by only 0.1 mm in some samples. 

Several samples of the metamorphic perthitic leucoadamellite contain 

rare grains of garnet up to 1 rnrn. It is not known whether these are of 

metamorphic origin or not, but they have not been observed in the 

unrnetamorphosed rocks. 
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The stratigraphic control indicates that the Gang Gang Adamellite is 

younger than tha lower Llandoverian Tantangara Formation and older than the 

probable Lower Devonian Boggy Plain Adamellite. It is probably of a similar 

age to other Kosciusko Batholith intrusives and to the Murrumbidgee Batholith, 

and so is placed ~t slightly older than the Silurian-Devonian boundary. An 

attempt to date the rock was unsuccessful because the biotite is partly altered 

to chlorite, and a biotite/whole-rock isochron would be of little value. 

Lucas Creek Granite 

Nomenclature 

The Lucas Creek Granite is an elongate granite body trending south from 

Gang Gang Mountain to the Hughes Creek valley, on the southern border of 

TANTANGARA. Within the ~)heet area this granite crops out over a length of 10 km 

and may be up to 2 km wide. The Bega 1:250 000 geological map (Hall, Rose, & 

Pogson ~ 1967) shows the intrusion extending 2 km farther south, but White & 

others (1976a) found no evidence of it in BERRIDALE. 

Stevens (1958a) first used the name without defining it, and Valpole 

(1964; appendix, p. 41) later used it. 

Derivation of name 

The granite is named from Lucas Creek, which drains the northern end 

of its outcrop. 

Type localit_y: 

The type locality is along a power transmission line 500 m north

northeast of the Providence Portal turnoff from the Snowy Mountains Highway/ 

(grid ref. 470217). 
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Lithology 

The Lucas Creek Granite comprises two rock types: a leucocratic two

mica granite which crops out north of Lake Eucumbene, and a biotite adamellite 

which crops out. south of the lake. Outc~op around the lake is poor and the 

relation between the two rock types is unknown. The leucogranite comprises 

medium-grained (3-4 rr~) equigranular gr~y quartz and white feldspar crystals, 

with sea ttered blat:~~ biotite crysta:..s. The adarnelli te is similar, except that 

biotite crystals are more abundant, and the rock is coarser-grained, with 

crystals up to 6 x 4 mm. 

Biotite forms anhedral to subhedral crystals, is strongly pleochroic 

(X == pale yellow- brown, Y = Z = dark red- brown), and rar•cly is partly altered 

to chlorite. Muscovite is rare, forms small anhedra: crystals, and in part is 

an alteration product of biotite~ Microcline is prese~t, cor~only as perthite, 

and forms anhedral crystals; it is generally little altered. Plagioclase forms 

little-altered anhedral to subhedral crystals which are commonl;r oscillatorily 

zoned; its composition ranges from An in the leucogranite to An 
5-15 5-40 

in the adamellite. Quartz occurs as anhedral crystals commonly showing strain 

under crossed nicols; it is commonly graphically intergrown with microcline. 

Evidence of pressure-induced recrystallisation and minor shearing along grain 

boundaries is common. 

·rhe modal composition of three samples of the Lucas Creek Granite is 

shown below in Table M15. 

Relations 

The Lucas Creek Granite intrudes both the Nungar beds and Tantangara 

Formation. The granite/sediment contact is not exposed, apparently because the 

granite has been more affected by weathering ncar its margin. Quartzite close 

to the contact is penetrated by numerous small quartz veins. The eastern 

contact of the granite where it is intersected by the Murrumbidgee-Eucumbene 

tunnel is faulted, and is marked by an abundance of vein quartz. Towards the 

south its western boundary is the Tantangara Fault. PCt'phyry dykes and stocks 

cropping out on Nungar Ridge, to the north of the pluton, are probably related 

to it. 

The adamellite listed in Table M15 is similar modally s:nd in grainsize 

to the Half Moon Peak Adamellite ..._n the Gingera Batholith. 

Its age is presumed to be Late Silurian. 
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TABLE M15. MODAL ANALYSES OF THE LUCAS CREEK GRANITE 

,, 
Sample no. 718400.37 71840202 71840235 

,. 

Grid. ref. 467220 468217 457175 

Rock type Leucogranite Adamellit<:l 

Quartz 35 ·3 47-3 )k.1 

Micro cline 41e2 35-7 29-3 

Plagioclase 18 .• 4 10.4 23.1 . 

Biotite 3•1 2.S 10.9 

Muscovite 1 • 7 3-1. 1.3 

Accessory 0.3 Q.? 0.7 

.... YOUNG BATHOLITH 

I 

Adamson (1960) first published the name Young Granite for the northern 

part of a large ar.ea 0f granitoid extending from Canowindra (100 km west 1of. 

Bathurst) in the north almost to Yarrangobilly (YARRANGOBILLY) in the so,uth. 
I 
l·' 

. Later, Best & ·others· ( 19,?4) gave the name Burrinjuck Crani te to the sou~hern 

part of this ba tholi th~c mass. Ashley & Basden (1 973) hav 2 revised the· 

nomenclature for the batholith, which they have named the Young.Granod'iorite, 

and have restricted the application of ,~he name 'Burrinjuck' to'the chemically 

distinct and probably younger and unrelatec1 massive pink adamellite .at 

Burrinjuck Dam. Crams:Le, Pogson, & Baker. (1975) 'have also separated the 

Burrinj uck Adamellite from the Young Granodio;ri te, . and our mapping, 

geochemistry, and geqchronology results fully con~ur with this view. However, 

·the term Young Granodiorite is a stratigraphic Il.!lme, and implies that the 

batholith' is not composite, but one large uniform pluton. Although published 

analyses and d'escriptions are somewhat similar (for a re~iew see Ashley & 

Basden, 1973), we doubt that the whole batholith can be treated as a single ,. 
'• 

pluton, and in fact have mapped o'ut distinct phases in BRINDABEL.LA. We have 
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therefore restricted the name 'Young' to a structural term, the Young Batholith, 

and have named the individual plutons separately. Barka::::. (1976) has usecl the 

term Burrinjuck.:..Young Batholith, but this is an added complic..:.:>tion in view of 

the arguments of Ashley & Basden ( 1973), so we have not u8ed it. 

We have included in the Young Batholith a number of .small rrobably 

related plutons which crop out in TANTANGARA, but are separated from tht:. main 

mass by the Goobarragandra Volcanics. 

Both S-type and I-type granitoid suites a~e present within the Young 
. . 

Batholith. Bodieo incJ.u~ed within the S-type ~mite are the Spicers Creek 
·;· ·,. 

Adamellite, Broken Cart Granodiorite, and Couragago Granodiorite. The I-type 

suite has several features which distinguish it from other I-type suites in the 

·region (see GEOCHEMISTRY Aim PETROGENESIS, Silurian I,..type granitoids and 

volcanic~), and we have n&med it the Coodravale I-type Suite. 

Nomenclature 

Broken Cart Granodiorite 

(new name) 

We have introduced this name for a medium-grained biotite granodiorite· 

whicl. occupies much 0f the southwestern corne· vf BRINDABELLA between 

BrindB.bella Road and the Goobarragandra . River. 

Derivation of name 

The name is taken from Broken Cart Creek, which flows northwest across 

the southern part of the pluton to join the Goobarragandra River at grid 

reference 408750. 
i r 

Type locality 

The type locality is here defined as a group of to~s on the eastern 

side of Barnetts Road at grid reference 413917, about 1.3 km south of 

Brindabella Road. 
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Field occurrence 

/ .. 
The Broken Cart Granodiorite is a large body elongated meridionally, 

about 33 km long and up to 11 km wide. Its western .limit has not been fully 

defined as it extends into TUMUT west of Myers Creek. North. of Myers Creek the 

western boundary is intrusive against a Micalong Swamp Basic Igneous Complex 

gabbroic stock and the Goobarragandra Volcanics. The southern boundary .of the 

pluton is a faulted wedge in TANTANGARA. The eastern and northern boundaries 

are intrusive into the Goobarragandra Volcanics. 

Outcrop consists of tors up to 5 m high widely scattered ovel' the whole· 

area, and rounded boulders and slabs in some of the more df,eply incised creeks q 

On the plateau south of Brindabella R_oad~ outcrop is r::tre. A poorly exposed 

fine to medium-grained granodiorite about 2 x 1 km cropping out ori the eastern 

side of Aridy Andy Range south of Jacks Hill (grid ref. 376727) has been included 

in the Broken Cart Granodiorite for the present, though it is probably a 

separate intrusion. 

The Broken Cart Granodiorite is a medium-grained (3-5 mm average) rock 

composed of blue-grey quartz, white feldspar, and between 10% and 20% biotite. 

At many localities, including the type locality, rare pale greenish blue patches 

up to 5 rom are almost certainly pseudomorphs of cordieri te. · Xenoliths are 

common in the granodiorite; they are mostly about 10 to 20 em, somewhat 

rounded, rarely flattened, and appear to be randomly oriented. Biotite and 

plagioclase with lesser quartz make up most of the xenoliths, but altered 

cordierite is also present in many. Foliation in the granodiorite is weak 

compared with that in the granodiorite's of the Murrumbidgee and Gingera 

Batholiths. 

A finer-grained (0.5 to 1 mm) porphyritic marginal phase of the Broken 

Cart Granodiorite is present along the eastern boundary of the body south of 

Brindabella Road. It is up to 1 • 5 km wide east of Big Dubbo Hill, and comprises 

phenocrysts of quartz, plagioclase, and altered cordierite 3 to 6 mm in a 

groundmass of biotite, quartz, and feldspar. A similar porphyritic marginal 

phase is present on the western edge of the intrusion, west and southwest of 

Dubbo Falls Cascades (grid ref. 396778). Here the groundmass to the porphyry 

is very fine-grained, especially on the northern end of Feints Range and in the 

Goobarragandra River valley, and the porphyry is virtually indistingr;.ishable 

from "'.he porphyritic Goobarragandra Volcanics. This porphyry has quartz, 

plagioclase, and biotite phenocrysts, and may be a slightly older intrusion as 
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it is cut by dolerite dykes related tu the Micalong Swamp Basic Igneous Complex, 

which have not been observed i'tl the main mass of the Broken Cart Granodior·Lte. A 

basic dyke which cuts the Broken C.art Granodio!'i te at grid reference 418862 may 

be an alkali basalt of Tertiary age. 

Contacts between the Micalong Swamp Basic Igneous Complex and the 

Broken Cart Granodiorite have been observed aL grid references 383843, 378847, 

396838, 404831, and 407830. At the first two of these localities the 

granodiorite ~s unaltered, being neither hornfelse& nor contaminated by the 

basic rocks. At the other three localities the granodiorite is evidently 

contaminated. In a creek bed at the last locality (grid ref. 407830), veins 

of highly contamina ~;ed granodiorite intrude and surround angular blocks of 

dolerite, so the granodiorite is the younger. Thin sections (see below) show 

that the same relation holds for the other four localities, so the Broken Cart 

Granodiorite must be younger than the stock of Micalong Swamp Basic Igneous 

Complex cro-pping out at the headwaters of Myers Creek. Our mapping shows that 

large embayments, roof penchnts, and possibly rafted bl .. ocks of basic rock occur 

with:i..n the Broken Cart Granodiorite, suggesting that the granodiorite had great 

difficulty in assimilatiiJt; and intruding the basic rocks. 

Leucogranite is· associated with the Broken Cart Granodiorite in three 
~- ' 

places. On the eastern side of the Andy Andy Range and extending down to Feints 

Creek, a leucogranite stock about 2 km in diameter crops out west of the Kennedy 

RRnge Fault. The outcrops are large tors, up to 10 m vTide ~ of strongly 

weathered , medium-grained, white, two-mica granite. Muscovite is more common 

than. bio.ti te, and total mica content is about 6 to 10%. ~ourmaline is a common 

accessory; forming patches and rosettes up to several centimetres long, and in a 

sample from grid reference 383748 one grain of topaz about 2 x 0.5 mm is 

associated t~ith muscovite. Another leucogranite:, wnich is about 500 m across, 

is about 2 km north of. the Brindabella Road/Barnetts Road junction; it is 

poorly exposed, strongly weathered, medium to coarse-grained, and almost free 

of biotite. Leucogranite is also present west of Myers Creek in an area of 

difficult access. 

Petrograph_I 

Two modal analyses of the Broken Cart Granodiorite, and one of an 

associated leucogranite al'e given in Table M16. ~1he granodiorite is even

grained hypidiomorphi•:: with an average grainsize of 3 to 4 mm. It contains 
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rare phenocrysts of plagioclase up to 8 x 6 rnm·and quartz to 6 mm. The 

plagioclase is euhedral to subhedral, with broad oscillatorily zoned cores of 

An to An and narrow rims of An 
30 50 15"'-20 

Quartz is anhedral and possessea 

weak moderately und ulose extinction. Anhedral microclinc•, commonly only to 

2 mm, contains film and vein perthite. Biotite is commonly strained and b(3nt 

and is pleochroic from pale yellow-brown to red- brown; in many samples the red-' 

brown colour is darker than in biotites from the Mu~~umbidgee and Gingera 

Batholiths. Opaques, zircon, apatite, and secondary muscovite are associated 

with the biotite. Cordierite altered to a mass of sericite flakes is present 

i::- some samples; it is subhedral, averages about 4 x 2 mm, and commonly 
(. 

contains inclusions of biotite. 

At some localities (e.g., grid refs. 423951 and 436785) microcline is 

more abundant than elsewhere in the intrusion, though never as abundant as 

plagioclase, and the rock would be classed as an adamellite. 
I 

Samples from tl1e northeastern part of the Broken Cart Granodiorite, 
, ~ I 

between Brindabella and Nottingham Roads, are finer-grained: ( 1 -2 mm) than 

elsewhere in the intrusion, non-porphyritic, and contain about 3% hornblende. 

The hornblende has X= yellow-green, Y =green, and Z =blue-green, and commonly 

has cores of tremolite after augite. These hornblende-bearing rocks contain 
) 

only 3 to 4% microcline, and are tonalites. A separate pluton has not be~n 

mapped in this area, but may well exist; alternatively the hornblende may be 

due to contamination with basic rocks. 

Samples from grid references 396838 and 404831 have been contaminated 

with basic rocks. They contain about 40% plagioclas\3 (An ) without sodic 
45-55 \ 

rims, 25% very pale yellow-green actinolite (some with blue-green rims), 20% 

interstitial subpoikilitic quartz, 5% ope.ques, and about 10% xenomorphic 

poikili tic red- brown biotite up to 4 x 2 rnm; much of the plagioclase is 

phenocrystic and up to 6 x 4 mm but the other minerals, except biotite, average 

only 1-2 rt.ill. In other samples of the granodiorite from close to the contact 

,.,i th Micalong Swamp Basic Igneous Complex, contamination is rare. A sample. 

from within 1 rr. of a gabbro contact at grid reference 383843 is a normal 

granodiorite with red- brown biotite ( 15%), quartz, and plagioclase phenocrysts 

up to 4 mm, and an average grainsize of 1 mm. A thin section through a 
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granodiori te-do.:.eri te contact from grid refere·nce 39G838 shows the granodiorite 

to be richer in microcline than ele·~where in the intrusion, and finer-grained 

(0.5-1 mm); in the same sample, one xenolith of dolerite 4 mrn across is present 

within the granodiorite, which is clearly the younger of the two. 

J~enoll ths are common in the Broken Cart Granodiorite, and two cognate 

types have been observed vTi th the assemblages: 

- plagioclase-biotit~-quart~-cordierite (altered) 

- plagioclase-biotite-quartz-muscovite 

The plagioclase forms subhedral zoned laths 0.1 to 0. 3 mrn, and biotite is dark 

red-brown and present in amounts up to 35%, interleaved with muscovite in the 

second assemblage. Quartz commonly encloses the other minerals present. 

Nomenclature 

Couragago Granodiorite 

(new name) 

We have introduced this name for the large body of granodiorite which 

crops out on the plateau west of Wee Jasper. The body is separated from the 

Broken Cart Granodiorite by a screen of Goobarragandra Volcanics, which has been 

intruded by meridionally oriented basic dykes. 

Derivation of name 

The name is derived from Couragago station (grid ref. 408070). 

Type locality 

The type locality is here given as the exposuras at grid reference 

411126, ori the southern side of Yass Road about 300m east of the road to 

Hill top. The exposures are about 50 m from Yass Road, a:r. .. d consist of tors up 

to 2m high of medium-grained pale grey granodiorite with about 10% biotite. 
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Field occurrence 

The Couragago Granodiorite occupies a large area of the northern part 

of the Kiandra Tableland (see GEOMORPHOLOGY) in BRINDABELLA and TUMUT. It is 

about 20 km long and 10 km wide 1n BRINDABELLA, and extends for an unknown 

distance to the west in TUMUT. 

The topography develo~1 over the intrusion is flat to undulating as 

a result of Tertiary (early Miocene or older) planation, and, as a reYult, 

exposure is sparse :Ln some of the flat areas surrounding Cowrajago Hill. In 

the more undulating areas, especially south of Yass Road, exposure is fair to 

good and consists of 1·ounded tors and boulders mostly less than 2 m wide. The 

tors are distinctly smaller than those developed in the Broken Cart 

Granodiorite. 

The most ~~OIIlJ'Jun rock type is a fine to medium-grained pale grey biotite 

granodioritA, often with phenocrysts of plagioclase and lesser quartz usually 

less than 10 mm. Biotite is less abundant than in the Broken Cart Granodiorite 

and represents only about 10% or less of. the rock, though locally (such as; at 

grid ref. 439111 ) about 15% biotite is present. The quartz in the Couragago 

Granodiorite is a pale violet-grey, not bluish as in the Broken Cart 

Granodiorite. 

On the northern margin of the body the rock .is porphyritic, with 

phenocrysts of quartz and plagioclase up to 4 mm and of biotite 1-2 mm in a 

microcrystalline groundmass. 
2 

At its southern end a stock of leucogranite of a~out 10-km outcrop 

area is associated with the Couragago Granodiorite, and leucogranite forms a 

marginal phase about 4 km long and 300 m wide on the eastern side of the ' 

granodiorite, ~here it intrudes an elongate basic stock of the Micalong Swamp 

Basic Igneous Complex. The contact betweerJ the granodiorite and the 

leucogranite is sharp, but near grid reference 423090 the granodiorite is poorer 

in biotite, richer in microcline, and contains primary muscovite, and is really 

an adamellite, so gradational contacts may exist at depth. The leucogranite 

is mostly fine-grained and pale pink, but pegmatitic aggregations up .to a few 

centimetres are common; they are composed of quartz, pale pink felds-par, and 



M240 

muscovite. Near grid reference 416016 the leucogranite contains abundant dark 

grey patches up to 1 ern of unknown significance; a thin section shows them to 

be large xenomorphic crystals of quartz containing about 30-40% interconnected 

inclusions of sericite and minor biotite. 

We did not see any contacts between the Micalong Swamp Basic Igneous 

Complex and the Couragago Granodiorite, but the granodiorite is neither 

contaminated nor recr~llised near contacts. Large pods and embayments of 

basic rocks occur within the granodiorite but basic dykes are absent. These 

criteria suggest that, like the Broken Cart Granodiorite, the Couragago 

Granodiorite is the younger, and that the magma had great difficulty in 

intruding and assimilating the older basic rocks. 

Petrography 

Two modal analyses of the Couragago Granodiorite are given in Tal.Jle 

M16. Compared with the Broken Cart Granodiorite, it is richer in microcline 

and poorer in biotite; sample 73840302 is strictly an adamellite. Several 

other samples collected were visually estimated to be adarnellites, but we 

consider that the average composition is just within the granodiorite field. 

A more detailed study may prove otherwise. 

Textural relations between minerals are similar to those in the B:roken 

Cart Granodiorite, but the average grainsize is less (? mm). Plagioclase forms 

euhedral to subh·'3dral laths up to 4 rnm but mostly around 2 llllll, with 

os~illatorily zoned cores An and narrow An rims. Quartz is 
30-50 15-20 

anhedral and possesses weakly undulose extinction. Microcline (1-2 mm) is 

present as interstitial grains with film and vein perthite lamellae. Biotite 

is characteristically red-brown, but :i.n some samples is dark brown with only 

a slight reddish tinge. Accessories are invariably associated with and included 

in the biotite. Altered cordierite has not been seen. 

Hornblende was evident in only one sample, from grid reference 429101, 

where the rock is fine-grained (average <1 mm) and is probably part of a later 

stock or dyke, though field relations are obscured by lack of outcrop. The rock 

is a granodiorite containing abundant quartz (probably about 50%), only 5% 
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microcline perthite, 5% dark brown biotite, and 3% hornblende with X = pale 

yellow brown, Y = green with a brown:i.sh tinge, Z = dark blue green, and 

absorption X< Z < Y. Allanite, a common accessory in this rock, is not present 

in any of the other samples from the Couragago Granodiorite; it forms pale 

yellow or orange partly metamict subhedral zoned crystals of about 0.3 mm. 

The leucogranite associated with the Couragago Granodiorite consists 

mainly of quartz and microcline with lesser, zoned albite-oligoclase and 

intergrown muscovite and minor biotite. Unlike the biotite in the granodiorite 

the biotite in the leucogranite is brownish green, which may be due to 

interlayered chlorite. 

Nomenclature 

Spicers Creek Adamellite 

(new name) 

We have introduced this name for a small body of medium-grained 

adamellite which crops out about 3 km north of Yarrangobilly Mountain. 

Derivation of name 

The name is taken from Spicers Creek (in the Upper Cotter Sl~A · 1 -Mile 

Series Sheet area), which is about 3 km east of the pluton. 

Type locality 

I 

The intrusicn is similar in composition and texture throughout. At 

the type locality (grid rof. 382527) fresh specimens are medium-grained, pale 

grey, and have pale yellow-green phenocrysts of plagioclase up to 10 mm. 

Biotite is abundant. 

Field occurrence 

The spicers Creek Adamellite crops out over Rn area of 1200 by 500 m 

about 3 km west of Spicers Creek. It lies to the west of the Starvation Point 

Adamellite (see below), from which it is separated by a screen of intensely 

jointed Goobarragandra Volcanics about 200 m wide. Intrusive contacts between 
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the granodiorite and Goobarragandra Volcanics have not been seen in the field. 

The adamellite crops out as tors up to 2 m wide, and is generally 

bet~er exposed than the Starvation Point Adamellite. The rock is extremely 

weathered, and ironstained from the breakdown of biotite. Fresh specimens are 

rarely obtainable from the cores of boulders even 1 m in diameter. 

Petrography 

The modal composition of a sample from the type locality is shown in 

Table M16. The rock is allotriomorphic and contains rounded strongly 

serici tised phenocrysts of plagioclase up to 3 mm in a medium-grained gJ•oundmass 

of quartz (1 mm), perthite (up to 1.5 mm ), albite-oligoclase, and biotite 

flakes almost completely altered to chlorite. Opaques, epidote, and apatite are 

rare aGcessories. Graphic quartz-potash feldspar intergrowths are uncommon. The 

rock is similar to the Couragago Granodiorite, but has a little more biotite. 

Nomenclature 

Starvation Point Adamellite 

(new name) 

'rhe Starvation Point Adamellite crops out a few hundred metres cast 

of the Spicers Creek Adamellite, but obviously is a separate intrusion. 

Derivation of name 

The name is taken from 1 l'he Peaks 1 Parish map, which shows Starvation 

Point on the crest of the Fiery Range about 3.3 km north3ast of the intrusion. 

There is no closer available name. 

Type locality 

At the type locality (grid ref. 391532) the rock is pihk, fine to 

medium-grained, and contains about 10% of greenish black hornblende. White 

·plagioclase phenocrysts up to 5 mm are widely scattered throughout. 
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Field o ££!!!:.£!L~ 

The Starvation Point Adamellite is about 1.5 km
2 

in area of outcrop, 

slightly larger than the Spicers Creek Adamellite. It crops out as tors and 

angular blocks up to m wide, in a relatively flat valley to the west of the 

Fiery Range. 1'ogether with the Spicers Creek Adamellite it is surrounded by 

higher hills except to the west, where the area is drained by a valley 300m 

wide. 

The adamellite intrudes the Goobarragandra Volcanics, and is 

contaminated near its edges. There it becomes 111ore porphyritic with plagioclase 
l ; 

and quartz phenocr~ts up to 5 mm, and hornblende gives way to biotite. A 

recrystallised sample from near the margin at grid reference 389524, mapped as 

part of the pluton in the field, is probably a hornfelsed vol~anic rock as it 

contains rounded embayed quartz phenocrysts. Elsewhere exposure is poor near 

the margins, and the extent of the contact aureole is unknown, though it cannot 

be more than about 150m. 

Petrography 

Modal analyses of two samples of the Starvation Point Adamellite are 

given in Table M16. These rocks are quite different from the Spicers Creek 

Adamellite and the granodiorites farther north. In the Starvation Point 

Adamellite, quartz is less abundant, and orthoclase, as distinct from 

microcline, is roughly equal in abundance to plagioclase. Hornblende is present 

in large amounts in the sample from the type locality (sample 71840318), but 

in the other sample, from nearer the edge of the pluton, biotite is more common 

than hornblende. 

The rock consists mainly of subgraphic quartz-orthoclase intergrowths 

averaging 1.5 mm, in which quartz is the main partner. These are moulded around 

subhed ral highly serici tised plagioclase, and orthoclase perthi te of 1 to 2 mm. 

The plagioclase cores commonly contain prehnite as an alteration product, and 

epidote, prehnite .. pumpellyite, and chlorite form interstitial alteration 

products. Hornblende forms subhedral to euhedral elongate prisms and needles 

up to 2.0 x 0.8 mm; it is pleochroic 1 with X = pale yellow-brown, Y = green, 

and Z == brown. A few euhedral yellow allanite crystals (0.2 to 0.3 mm) are also 

present. Piotite is mostly chloritised, but when fresh is dark brown. 
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Kennedy Range Adamellite 

(new name) 

We have introduced this name for a small pluton which crops out at the 

northern end of Kennedy Range. 

Derivation of name 

The name appears on the C'lrrango 1:50 000 Sheet, but is called Kennedy . 

Ridge on the TANTANGARA map. 

Type locality 

The type locality is at grid reference 402638, where a few boulders 

of fine-grained pale pink adamellite crop out. This i::J the closest reaAonable 

exposure to vehicular access. 

Field occurrence 

The Kennedy Range Adamellite crops out over an area of about 2 km2• 

At its centre is a prominent hill at the head of a tributary of the 

Goobarragandra River (grid ref. 405642). The intrusion has been considerably 

disturbed by faulting and by the later intrusion of gabbro. H intrudes the 

Goobarragandra Volcanics and has associated widespread aplitic dykes which have 

been found up to 2 km southwest of the nearest adamellite outcrop. 

The adamellite is well joi~ted and in places brecciated, and is 

strongly weathered. Exposure is poor and consi:--ts mainly of float and joint 

blocks of about 20 to 30 em. The rock is pale pink to white, medium-grained, 

and no~-porphyritic. Both biotite and hornblende are present. Xenoliths of 

finer-grained rock of similar composition are common throughout; they are 

rounded, disc-shaped, and are mostly about 5 em in diameter. 

The associated aplites are pinker than the granite, fine-grained, and 

contain rare plagioclase phenocrysts up to 3 mm. 
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Modal analyses of a sample from the typo locality and of an aplite dyke 

are given in Table M16.. The adamelli to contains strongly zoned plagioclase 

(An to An ) up to 2 mm, whose euhedral boundaries are rimmed by micro-
40 10 

perthite. Some of the plagioclase crystals have highly sericitised cores. The 

plagioclase occurs together with quartz-orthoclase-perthite intergrowths (1 mm), 

and clots of anhedral green-brown hornblende and dark brown biotite. The rock 

is partly recrystallised, and a granoblastic texture is present in areas rich 

in quartz and potash feldspar. Rare grains of hypersthene (1 mm) are surrounded 

by opaques, hornblende, and biotite. The rock has probably been metamorphosed 

by a gabbro which crops out only 100 m away, and is eonsidered +.o have intruded 

the adamellite. A sample from grid reference 401635 is less recrystallised than 

that from the type locality, and contains a 5-mm xenolith composed of horn

blende, biotite, plagioclase, and quartz with an average grainsize of 0.2 mrn. 

The aplite associated with the adamellite is allotr-i,..,morphic 

equigranular and consists of quartz, potash feldspar, plagioclase, and minor 

brown-green hornblende and brownish biotite. The potash feldspar is weathered 

brown, and the plagioclase black-brown. The plagioclase i~ zoned and tends to 

be sligh~ly porphyritic with an average grainsize of about 0.5 mm. Although 

there are no graphic intergrowths of quartz and potash feldspar, poikilitic 

quartz is present, and contains rounded plagioclase laths. 

The Kennedy Range Adamellite is similar to the Starvation Point 

Adamellite in that it contains hornblende and is poorer :Ln quartz than the rest 

of the Young Batholith in the mapped area. It is, however, significantly richer 

in orthoclase, and the hornblende is less euhedral. 

Nomenclature 

Coodravale Granodiorite 

(new name) 

We have introduced ~his name for a pluton which crops out south of Wee 

Jasper Creek. 
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~~ivation of name 

The pluton is named after Coodrf.lvale, a property on the .G::-.)dradigbee 

River at grid reference 539120. There is no closer available name. 

Type locality 

The type locality is at grid reference 499113 on the side of the ridge· 

about 250 m south of Yass Road, where angular blocks up to 0.5 m of a fine

grained pinkish grey pl11tonic rock with about 10% mafic minerals crop out. 

Field occurrence 

The Coodrav-ale Granodiorite is a small (4.5 km
2) east-west oriented 

pluton about 5 km long and up to 1.5 km wide which occupies most of the ridge 

immediately south of Yass Road north of Mount Wee Jasper. The northeast side 

of the pluton is cut by the Long Plain Fault. 

Exposure is poor: small angular blocks and float predominate. The 

rock is fine-grained, pale pink to grey with up to 10% greenish mafic minerals, 

often in clots up to 3 mm. Plagioclase forms scattered, somewhat rounded 

phenocrysts up to 3 rnm, but quartz phenocrysts are absent. 

~he western part of the pluton appears to intrude a basic stock of the 

Micalong Swamp Basic Igneous Complex. This relation is borne out by the 

distribution of basic dykes; these are common immediatel~ south, adjacent to 

the basic stock, but are rare within the pluton outcrop (one, for example, 

intruding the granodiorite at grid reference 498113, near the type locality). 

These dykes are definitely part of the Micalong Swamp Basic Ign.eous Complex and 

indicate that the Coodravale Granodiorite was intruded when basic magma was 

still active. 

Petrography 

The Coodravale Granodiorite is a fine, even-grained (average size 

rnrn) hornblende aud biotite-bearing rock with a composition close to the 

granodiorite-adamellite boundary. A modal analysis (Table M16) shows that a 

sample from the type locality contains plagioclase in the proportion 69% of 

total feldspar and is thus a granodiorite. Other samples, such as that from 

grid reference 474104, are probably adamellites. 
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Quartz is commonly of ~uhedral beta-habit with optically ~ontiuuous 

overgrowths intergrown with adjacent feldspar. Plagioclase has ir:':"egular 

outer margins of albite and rectangular-shaped strongly zoned cores which when 

fresh are zoned up to An in some crystals; the cores, :bowever, are mostly 
. 60 

saussuritised. Orthoclase perthite forms. equant crystals (0.5 mm) and irregular 

grains interstitial to plagioclase and quartz and intergrown with quartz. 

Hornblende forms discrete euherlral prisms up to 2 mm long with X = pale 

yellowish brown, Y = greenish brown, and Z = brownish green, but a greener less 

euhedral variety is commonly intergrowri with biotite. Biotite is in roughly 

equal abundance to hornblende, and occurs as intergrown, mostly chloritised 

patches up to 3 mm. When fresh the biotite is pleochroic from pale yellowish

brown to dark brown. Opaques, epidote, allanite, and chlorite are common 

accessory minerals. 

The eastern end of the pluton along with a large area ofGoobarragandra 

Volcanics east of Mount Wee Jasper .has been·' strongly recrystallised, apparently 

by contact metamorphism from a laterpluton which does not crop out at the 

surface. The buried pluton may be part of the Micalong Swarnp Basic Igneous 
,; ~ .. 

Complex, but it is more likely to be related to the Lower··Devonian Burrinjuck 

Adamellite. 

In the field the Coodravale Granodiorite resembles the fractionated 

rocks from the Micalong Swamp Basic Igneous Complex, but under the microscope ~ 

the· two are easily distinguished. Quartz and opaques are more abundant- in the( 

latter, and biotite and orthoglase are rare •. The .amphibole in the fractionate'd 

Micalong Swamp rocks is a ·very dark greenish black ferrohastingsi te. 

The Coodravale Granodiorite is similar to the Starvation Point 

Adamellite and Kennedy Range Adamellite, yet the Coodravale Granod'iori te is over 

40 km no:rth of the other.t.wo plutons. 

Age and relations of the Young Batholith 

All the plutons that we have mapped in the Young Batholith intrude the 

Goobarragandra Volcanics, of Wenlockian and possibly Ludlovian age.· .However, 

their relations with the Mica long Swamp Basic Igneous Complex are less simple. 

The Broken Cart Granodiorite intrudes the basic complex, but a fine-grained 

po.rphyritic intrusion at the southwestem margin of the granodiorite (probably a 

separate intrusion) contains basic dykes. That these dykes are much less common 

in the porphyritic intrusion than in the adjacent Goobarragandra Volcanics 
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TABLE M16. MODAL ANALYSES CIF THE YOUNG BATHOLITH 

Pluton Broken Gart Broken Cart Couragago Couragago Seicers Creek Leucogranite Starvation Starvation Kenned:f Ae I ite near Coodravale 
Granodiorite GranodIorite Granodiorite Granodiorite Adame I I ite In Broken Cart Point Point Range Kennedy Range Granodiorite 

Granodiorite Adame I lite Adame! I ite Adame! I ite Adame! I ite 
Samale no. 73840368 72840286 73840323 73840302 71840380 728402.38 71840318 71840381 71840410 71840409 73840347 
Gr i ref. 413917 419860 411126 369073 382527, 411950 391532 385532 402638 . 398632 499115 

Quartz 41.2 38.8 39.7 44.3 39.4 34.3 30~7 35.7 . 27.9 31.3 31. 5 

Mlcrocl ine 11. 9 14.3 15.9 19.4 16.5 36. 1 

Orthoclase 24.8 27.2 34.7 36.4 17. 1 

Plagioclase 27.2 33.0 34.1 27.9 27.0 21.5 29. i 24.3 29.9 26.7 38.2 

Hornblende 8.6 3.5 4.2 1.3 5. 7 

8 rot i te-, 15.4 13.1 10.2 7.9 16. 1 o. 5 5.9 8.4 2. 5 4.0 5. 1 
(most I y (mostly 

chI orltised) chloritised) 

Cordierlte 2. 1 
(a I ten~d) 

Muscovite 1. 8 0.5 o. 1 7.4 

Others o. 4 0.3 o. 1 . 0.4 1. 0 0.2 0.9 Oo 9 o. 8 ··o~3 2. 4 
(epidote, (Inc I udes (inc I udes (inc I udes (Inc I udes 
chlorite, all an ite, allanite hypersthene) allanite) 
opaques, prehnite, and 
apatite, and prehnite) 
z freon) pumpe II'-

yite) 
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implies that the basic dykes and possibly the whole of the Micalong Swamp Basic 

Igneous Complex were being intruded over quite a long time. Some dykr:>s, the 

later ones, intruded the country rock ju~t befo!'e the Broken Cart Granodiorite 

reached its final empla~ement posi tion.r Basic dykes; intrude the Coodravale 

Granodiorite but are less common than in the adjacent Goobarragandra Volcanics. 

The Couragago Granodiorite appears also to have intruded the Micalong Swamp 

Basic Igneous Complex, thdtJ.gh t 11e evidence is not so good, a~d is intruded by 
1 

the Burrinjuck Adamellite of Early Devonian age. The Spicers Creek Adamellite 

is similar to the Couragago Grancdiori te and probably has a similar age. 

The Starvation Point Adamellite, . Ken~edy Range' Adamellite,. a~d 

Coodravale Granodiorite are quite different from the other plutons of the Young· 

Batholith, and are probably not chemically related - they are I-type granitoids. 

The Kennedy Range Adamellite appears to have been ~10rnfelsed by a basic 

intrusion, yet the Coodrav~le Granodiorite intrudes'another basic intrusion. 

Geochemical evidence ir.idicates a strong probability that the .. . . 

Goobarragandra Volcanics,. and the Young Ba.tholi th are ~elated, and' that the 

plutons of the batholith have intruded their own· volcar.ic pile. It therefore 
,. 

seems that the Goobarrangandra Volcanics, the Micalong Swamp Basic Igneous 

Complex, and the Young "Batholith all developed at aboutthe same time in the 

middle to Late Silurian. It is puzzling why contamination between the basic 

and granitic magmas was not more widespread. Perhaps the tonalite in the 

northeast of the Broken Cart Granodiorite represents such a contaminated 

product. 

MINOR S-TYPE INTRUSIONS 

There are several S-type intrusions in BRINDABELLA and TANTANGARA which 

are too small to be worth naming. These have been dsnoted as 'Sgs' on the maps, 

and include the small prophyritic stock at grid reference 470455 that Crook & 

others (1973) referred to as the Mufflers Creek Granite. 

Most of the intrusions are quartz-plagioclase porphyries with a fine

grained granitic to graphic groundmass of quartz, potash feldspar, and albite. 

Biotite phenocrysts are common, and in some samples potash feldspar is also a 

phenocryst phase (e.g., grid ref. 433432). Chloritised and pinitised euhedral 

cordieri te is .:present as crystals of about 1 to 2 mm in some bodies, such as 

the one near Mufflers Creek and those near Belconnen (grid ref. 798011 "). 

One stock near Port Phillip Gap (grid ref. 452483) contains common 

xenocrysts of pale pink garnet up to 10 mm, with inclusions of biotite and 
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plagioclase. The garnets are surrounded by completely chloritised reaction 

rims, which ar'e interpreted as having been mostly cordieri te and lesser 

hypersthene-similar to the garnet rims in the nearby Kellys Plain Volcanics. 

The chlori tised rims generally contain vermicular chlorite intergrown with ,: 

chlorite in a different optical o·rientation. The vermicular chlorite was 

probably the original hypersthene. In addition to' the cordieri te surrounding 

the garnet, euhedral and anhedral al te:red cordieri'ie are common phenocrysts in. 

the rest of the rock. This stock near· Port Phillip Gap and .the one near 

Mufflers Creek may have been feeders for the Kellys Plain Volcanics. 

Nomenclature 

BUGTO'W.N TONALITE 

(ne~w name) 

In the Canberra 1:250 000 Sheet area (Best & others, 1964), the 

eJ_ongate pluton occupying much of the Bulgar Creek valley was accurately shown 

uut not given a name. Owen & others (1974a) included the pluton in the 

McLaughlins Flat Granodiorite as a hornblende-bearing more mafic phase. As the 

absence of hornblende from, and the high initial Sr87;sr86 ratio in, the 

McLaughlins Flat Granodiorite classify it as S-type, the hornblende-bearing 

pluton req_uires a separate name as it is similar to I-type granitoids which crop 

out to the south (Hine & others, 1978). 

Derivation of name 

We propose that the pluton be termed the Bugtown Tcnalite, after 

Bugtown on Bulgar Creek, at grid reference. 1256?3 on the Tantangara SMA 1 -Mile 
i 

. ' 

Series Sheet. On the TANTANGARA map, Bugtown is shown about 3 km to the east, 

on the Yaouk-Adaminaby road. 

Type locality 

The type locality is here given as at grid reference 533180 on the 

Snowy Mountains Highway. Here, boulders up to 1 m of foliated medium-grained 

hornblende-biotite tonalite with a few rounded xenoliths crop out next to a 

small road-cut. 
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Field occurrence 

The Bugto wn Tonalite is about 9. 5 krn long and 1 to 1. 5 krn wide, the 
0 

long axis bearing 020 • The pluton erodes more easily than the adjacent 

sediments, which have been strongly hornfelsed, and occupies most of the Bulgar 

Creek valley. Abotit 1 km north of the Snowy Mountains Highway, Goorudee Rivulet 

has formed a V-shaped valley to th.P. west and east of the pluton outcrop, but 

where ·it flows across the outcrop the relief is much more subdued. 

The pluton is generally poorly exposed as widely scattered tors usually 

less than 1 m wide. The only area where tors are more closely spaced is on the 

eastern side of the pluton near Glenwood (grid ref. 545200). A moderate to 

strong secondary foliation, ~resent throughout the pluton, is aligned slightly 

east of north, not quite parallel to the long axis of the pluton. 

PetrographY. 

. The composition of the Bugtown Tonalite ranges. from hornblende-biotite 

tonalite to hornblend~-biotite .granodiorite. Two modal analyses are: 

Rock type 

Sample no. 

Grid ref. 

Quartz 

Orthoclase 

Plagioclase 

Biotite 

Hornblende 

Accessories 

(apatite, zircon, 

allanite, opaques, 

epidote) 

Granodiorite 

7184003~r 

540217 

33.1 

6.2 

37 ·4 

18.7 

4.0 

0.6 

Tonalite 

72840046 

533180 

30.1 

0.1 

50.2 

11.2 

7-7 

0.7 

The pluton is zoned: it comprises tonalite at the southern and 

northern ends and granodiorite in the centre. Tonalite appears to be the most 

abundant rock type. 
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Plagioclase is present as strongly zoned An stumpy prisms mostly 
65-30 

less than 1 mrn, but there are also widely scattered phenocrysts up to 3 mrn. 

The prisms commonly have broad oscillatorily zoned calcic cores and narrow 

normally zoned rims. Quartz forms intergranular composite patches up to 4 mrn, 

commonly enclosing plagioclase; the patches have internal sutured boundaries 

and strong undulose extinction, indicative of post-crystallisation deformation. 

Some plagioclase crystals are also bent CJr .broken, but mostly they act as rigid 

blocks within the more easily deformed quartz. Alkali feldspr:~r when present· 

forms small jnterstitial grains; it is non-~erthitic, and has a wavY, extinction 

and low 2V, indicating orthoclase. 

Biotite is always more common than hornblende and occurs mostly,as 

subhedral books 1 to 2 mrn thick. It is pleochroic from pale straw yellow, to 

greenish brown, and in most crystals the edges are greener than the cores. 

Pleochroic haloes are common, and alteration to chlorite, epidote, and sphene 

is widespread. Subhedral to anhedral hornblende averaging 1 to 2 rnrn is evenly 

distributed throughout the rock, and is present in amounts up to 8% at the type 

locality. It is pleochroic with X = pale yellowish green, Y =- yellowish green, 

and Z = bluish green; X< Y < z. Biotite and hornblende in pl~~es are 

intergrown in patches up to 4 rnm. 

Magnetite is the most abundant accessory but allanite, zircon, and 

apatite are also present. The allanite forms euhedral crystals up to 1 mm 

long. 

Samples of tonalite from near grid reference 545200 differ from the 

rest of the pluton: they ha.ve.no hornblende, abundant muscovite, and biotite 

pleochroic from pale yellow to red-brown; subhedral patches of sericite and 
r,i ' 

chlorite probably pseudomorph cordierite, and potash feldspar is absent. 

Although the plagioclase is unaltered and normally zoned from An to An , 
' 45 20 

the rest of the rock is made up of roughly equigranular equant grains which, 

despite strong subsequent deformation, resemble a hornfels texture" This small 

area of granitoid is probably an earlier S~type intrusion which has been 

intruded and hornfelsed by the Bugtown Tonalite, and then d~formed along Vl th 

it. 

Contact effects 

The Bugtown Tonalite has imposed on the surrounding sediments a etrong 

metamorphic effect up to 1. 5 km from the contact on the western sic~.e of the 
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pluton, and 1 km on the eastern side. Cordierite spots are evident 1 km to the 

west of pluton at grid reference 522193, and andalusite is evident in a 

metapelite 700 m west of the pluton at grid reference 529204. The ~etamorphic 

minerals antedate the strong deformation in the area, which is thus probnbly 

responsible for the secondary foliation in the tonalite. 

The Bugtown Tonalite intrudes the Lower Silurian Tantangara Formation. 

It antedates ~ deformation event which has strongly affected the fault block 

bounded to the west by the Tantangara Fault, and to the east by the Cotter 

Fault. To the north, Tacks deformed by this event were unconformably overlain· 

in the earliest Devonian by the Kellys Plain Volcanics, which 1tere nut affected 

by the deformation. Thus the Bugtown Tonalite can be stratigtaphically dated as 

between Early Silurian and earliest" Devonian. 

Mineralogically the tonalite is sj_milar to the I-type Jindabyne Suite 

plutons of Hine & others (1978). As most of the Jindabyne Suite granitoids 

intrude the S-type granitoids in the Kosiusko Batholith, ,the Bugtown Tonalite 
' is probably similarly younger than the adjacent S-type plutons in the Gingera 

and Kosciusko Batholiths, but still of Late Silurian age. 

UNNAMED JINDABYNE SUITE I-TYPE PLUTONS (Sgi) 

West and northwest of the Bugtown Tonalite outcrop but east of the 

Tantangara Fault are several small intrusiv~ bodies, all containing hornblende, 

that are here provisionally assigned to the Jindabyne Suite of I-type granitoids 

(Hine & others, 1978). Although some may eventually prove to be unrelated to 
~~a. ...... -

that suite, none appea~ to be related to the B0ggy Plain Suite of I-type 
;-·· ........ 

grani to ida, which .. ar·e mineralogically distinct and crop out only to the west 

of the Tantangara Fault. 

The largest of these unnamed bodies is a granodiorite about 1200 x 

300m cropping out east of Gravel Hut (grid ref. 498260). It contains dark 

brown biotite, minor pale green hornblende and orthoclase, and strongly zoned 

euhedral plagioclase. 

A hornblende-biotite tonalite is exposed over an area of about 
2 

0.15 km on Nungar Creek (grid ref. 484295). Samples are highly weathered; 

plagioclase is completely saussuritised, and hdrnblende and biotite are mostly 
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chloritised, but here and there fresh dark red-brown biotite and pale green 

hornblende are evident. 

On the southern edge of Nungar Plain (grid ref. 492269) a h0rnblende

biotite granodiorite outcrop about 300 m in diameter contains saussuritised 

euhedral plagioclase, dark red-brown biotite, green hornblende, and orthoclase. 

At grid reference 515279 a hornblende-quartz diorite is exposed. It 

contains very calcic plagioclase, up to An , abundant brown to pale ·brown 
85 

hornblende and minor red- :.,rolHl biotite. 

At grid reference 463219 a hornblende-quartz microdiori te dyke .intrudes 

the Lucas Creek Granite. It contains zoned plagioclase up to An , and about 
80 

30% euhedral greenish brown hornblende, some of which surrounds partly 

uralitised clinopyroxene. Opaques, sphene, and biotite are accessory phases. 

All these intrusions are hornblende-bearing intrusives with little or 

no potash feldspar, and abundant strongly zoned euhedral plagioclase. In these 

respects they are similar to the Bugtown Tonalite and the Jindabyne Suite. They 

do, however, show quite a range in the colour and proportions of hornblende and 

biotite. Some of the biotites are red-brown and similar to biotites from S-type 

intrusives. Magnetite js absent in the pluton at Nungar Creek, whereas it is 

a constant accessory in the Jindabyne Suite (Hine. & others, 1978). Sphene is 

absent in the Jindabyne Suite (Hine & others, 1978), but. is present in the 

hornblende-quartz microdiorite at grid reference 463219. 

CONDOR GRANODIORITE 

The 'Condor granite' was briefly described byMalcolm (1954) as a 

hornblende microgranite which intrudes Ordovician sedimentary rocks and the 

Mountain Creek Volcanics, and was therefore thought to be Early Devonian o~~ 

younger, but we found no eviden•~e of its intrusion into the Mountain Cr'eek 

Volcnnics. The body ia marked on the 1964 Canberra 1:250 000 geological ;heet, 

and Strusz (1971) described it as a hornblende-biotite granite of unknown 

affinity. It is now known to be a granodiorite. 

The Condor Granodiorite is named after Condor Creek, which flows across 

its ou.tcrop. The ground' is flat and marshy around the creek, and there is no 

exposure, but north of the creek the land begins to rise steeply and is densely 

planted with pine trees, and a few tors up to 2m high occupy the steeper 

parts, near the base of the Mountain Creek Volcanics. The pluton is roughly 

rectangular, about 1200 by 700 n. 



M255 

A sample from the type locality, near the centre of the outcrop at grid 

reference 667904, contains plagioclase 35%, quartz 35%, orthoclase 15%, biotite 

6%, actinolite 5%, and minor augite, magnetite, epidote, chlorite, zircon, and 

apatite. Subhedral plagioclase grains averaging 1 rnm have broad oscil1atorily 

zoned cores of An and narrow· albitic rims; quartz (0.3 to 1 mm) is 
30-45 

interstitial to the plagioclase, but also occurs as rounded grains. Orthoclase, 

rarely with patch and vein perthite developed, is common and up to 1 mm. Mafic 

mlnerals occur in aggregates up to 4 mm of intergrown biotite, pale green 

actinolit8, augite, magnetite, and quartz. A sample from near the edge of the 

intrusion (grid ref. 669903) is a tonalite and contains more mafic~, especially 

augite, while orthoclase is rare; this suggests that the pluton is zoned. 

The Condor Granodiorite is apparently older than the Nountain Creek 

Volcanics, and is probably related to chemically similar Jindabyne Suite !-type 

granitoids farther south. It is probably Late Silurian in age. 

Nomenclature 

GINNINDERRA PORPHYRY 

(new name) 

We have introduced the name Ginninderra Porphyry for a red intrusive 

porphyry which crops out in BRINDABELLA around the lower reaches of Ginninderra 

Creek and northwest to The Horseshoe. 

Derivation of name 

The porphyry is named after Ginninderra Creek, the lower part of which 

flows through the southern end of the intrusion. 

Type locality 

The type locality of the Ginninderra Porphyry is designated as the 

lower Ginninderra Falls (grid ref. 774033), where the unit is well exposed. 

Excellent exposu~es may also be seen along the Murrumbidgee River between 

Cusacks Crossing and Ginninderra Creek when the water level is low. 
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Distribution 

' 2 
'The Ginninderra Porphyry crops out over 18 km in three separate 

intrusions in BRINDABELLA. By far the largest stretches for 8 km from south 

of Ginninderra Creek to north of The Horseshoe in a belt up to 2.5 krn wide. 

Evidence from the Ginninderra Creek/Murrumbidgee River area suggests that the 

porphyry is a sill intruding the Laidlaw Volcanics. Farther north, near The 

Horseshoe, it appears to have a stocklike shape. 
2 

The two minor intrusions together crop out over less than 1 krn in 

the northeast, at grid references 795127 and 787157. ~:oth are similar in field 

appearance to the main mass of Ginninderra Porphyry, but are too weathered to 

thin-section for reliable identification, and so are only tentatively included 

in the unit. 

In most of the area the Ginninderra Porphyry is well exposed, usually 

as rounded boulders up to 1 rn. Columnar~jointed porphyry at a locality north 

of Ginninderra Creek (grid ref. 783041) has well-developed columns up t0 40 ern 

in diameter and 10 m high plunging steeply to the northeast, implying that the 
0 

cooling surface of the intruson dips at about 15 to the southwest. Columnar 

jointing is also well developed in the gorge of Ginninderra Creek between the 

upper and lower waterfalls (grid ref. 782032 to 775033), where the columns reach 

a height of 30 rn and a diameter of 1 rn; the dip of the cooling surface implied 
0 

by these columns is about 10 to the west. Farther north no columnar joints 

are evident in the porphyry, .suggesting that it has lost its sill-like form. 

Porphyries similar in appearance to the Ginninderra Porphyry also crop 

out in Cf;NBERRA on the southeast slopes of Mount Taylor and on Mount Neighbour. 

In both places the intrusions appear to be sills; the one on Mount Taylor lies 

between the Laidlaw Volcanics and the underlying unnamed volcanics, and the 

Mount Neighbour sill is within the Laidlaw Volcanics. 

Petrography 

The Ginninderra Porphyry is uniform in field appearance. Phenocrysts 

of quartz, pale green to pale pink plagioclase, and dark green mafic minerals 

are set in a fine-grained red matrix. Phenocrysts are commonly up to 6 mm and 

quartz crystals may be over 10 mm. Scattered megacrysts of pink euhedral potash 

feldspar up to 3.5 em long are also typically present, but are never abundant 

- usually about 3 to 5 per square metre of outcrop. When the megacrysts are 

more common a rough alignment may be present. 
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Thin sections show that the rock is a quartz-albite-pyroxene-biotite 

porphyry with a coarse microcrystalline groundmass of quartz, potash feldspar, 

and plagioclase. Quartz forms large (to 10 mm) euhedral, often strongly em bayed 

phenocrysts, and rarely shows evidence of strain under crossed nicols. Albite 

is generA.lly slightly smaller than quartz, usually less than 5 mm, and forms 

subhedral to euhedral crystals, many of which contain concentric zones of 

sericite - indicating that they have formed as a result of albitisation of more 

calcic plagioclase. 

Both bi0ti te and pyroxene generally form aggregat,es up to 5 mm of sntall 

subhedral crystalE less than 1 mm long, commonly mixed with albite. Both 

biotite and pyroxene may, however, also be present as isolated phenocrysts up to 

1.5 mm long. Biotite forms subhedral to euhedral crystals and is always altered 

to green chlorite and iron oxide. The pyroxene is altered to chlorite, iron 

oxide, and quartz, and is recognised by its characteristic eight-sided basal 

section. Crystal outline cannot distinguish between clinopyroxene and ortho

pyroxene, but since there is no calcite present as an alteration product, and 

since augite Hppears relatively resistant to alteration, the pyroxene is 

considered to be an orthopyroxene, probably hypersthene. 

Accessory minerals include euhedral .?.pa ti te, which is fairly common 

and may be up to 0.4 mm, zircon, and minor epidote as an al tera.tion product. 

Allanite, similar in appearance to that in the Laidlaw Volcanics, is a rare 

accessory. 

The groundmass, which forme 60-70% of the rock, is composed of potash 

feldspar and quartz with some albite, and has a microhypidiomorphic granular 

texture. Crystal size averages about 0.10 mm; larger.crystals are up to 

0.15 .mm across. Potash feldspar, which is a~tered to a turbid brown colour, 

forms about 50% of the groundmass; quartz forms 40% and albite 10%. Under high 

magnification very fine hematite dust is evident in the potash feldspar, and 

it is this which must give the- groundmass its distinctive red colour. 

Relations and ag~ 

The Ginnind.erra Porphyry intrudes the Laidlaw Volcanics and is overlain 

unconformably by the Mountain Creek Volcanics. It is therefore of Late Silurian 

age. Its intrusive nature is evident in a small gully on the south side of the 

upper Ginninderra Falls, ,.,here a small dyke of the porphyry intrudes the Laidlaw 

Volcanics about 3 m below the main contact between the two units. Since the 
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porphyry is chemically similar to the Laidlaw Volcanics, and aince xenoliths 

apparently of Ginninderra Porphyry occur in the Laidl El'Vl Volcanics, even though 

the porphyry in·~rudes the volcanics, the Ginninderra Porphyry is considered to 

be the intrusive equivalent of the Laidlaw Volcanics. 

Thickness 

The Ginninderra 'Porphyry forms a sill in the south whose minimum 

thickness is at least 150m. Farther north, towards The Horseshoe, it appears 

to become a stock-like body, since the boundary is little affected by 

topography. 

Nomenclature 

BOGGY PLAIN ADAMELLITE 

(new name) 

Ivanac & Glover (1949) mapped granitic rocks north of the Happy Jacks 

Granite and called them the Boggy Plain granite. The neme is considered valid, 

except that the most abundant rock type is an adamellite, and the body is 

defined herein. 

Derivation of name 

~ne name is taken from Boggy Plain, a grassy plain surrounded by tree

covered low hills about 2 km east of Tantangara Mountain. The plain is about 

5 by 2 km and is drained to the north by Boggy Plain Creek. 

Type locality 

The type locality for the adamellite is design a ted as griJ. reference 

428315 at the northern end of Boggy Plain, where the most common rock type, 

hornblende-biotite adamellite, crops out on a low grassy ridge as rounded tors 

up to 10 m high. The tors are elongate, parallel to prominent meridionally 

trending joint planes. A more accessible reference locality of a similar rock 

type is on the Snowy Mountains Highway at grid reference 387264. 
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Field occurrence 

2 
The Boggy Plain Adamellite is a large composite stock of over 40 km • 

It is slightly elongate east-west, about 9 km long and 5 km wide. The eastern 

third has been displaced about 5 km northwards by the Boggy Plain Fault. This 

eastern section underlies the entire area of Boggy Plain. The western section 

crops out in the depression surrounded by Tantangara Mountain, Sawyers Hill, 

Four Mile Hill, and Alpine Hill, and includes the hilly country near Connors 

Hill and the flat country at Roc~J Plain. 

The ada:'!lelli te is well ex posed , commonly as tors and boulders up to 

10 m high. Fresh samples are relatively easy to obtain except for the more 

felsic types. 

The most common rock tJpe is a massive pink well-,iointed medium-grained 

hornblende-biotite adamellite. This occurs in all the western two-thirds of 

the stock except for a minor occurrence of granodiorite at grid reference 

431241. On Boggy Plain the stock is more complex. At the northern end t~'l~ rock 

is mainly hornblende granodiorite. Towards the south, adamelliite, then more 

granodi. ·.rite, and finally gabbro are present. These have been shown separgtely 

on the TANTANGARA map. 

Petrography 

The Boggy Plain Adamellite is formed by two main and several minor rock 

types. The main ones are hornblende-biotite adamellite and clinopyroxene

bearing granodiorite. 

Hornble~de-biotite adamellite. This appears to be the most abundant 

type present in the intrusion, and crops out over much of the area from the 

Eucumbene River and Snowy Mountains Highway north to the southern slopes of 

Tantangara Mountain, and also in the central part of Boggy Plain. 

The adamellite is more leucocratic towards the centre of the pluton 

(10% dark minerals) compared with the margin (15% dark minerals). This is most 

noticeable on Boggy Plain, where the leucocra tic variety crops out near grid. 

reference 428313 and is surrounded on three sides (the fourth being a fault) 

by darker adamellite. It is also noticeable on the Snowy Mountains Highway: 

between Connors Hill and Rocky Plain Creek the leucocratic varit3ty crops out, 

but on the western margin of the pluton near Sawyers Hill the darker variety 

is present. 
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The adamellite is medium-grained and consists of dark mafic miner:als, 
• ·! 

pink potash feldspar, white plagioclC:t~e, and grey quartz. Its grain~ize is 

even, averaging 2 to 3 mm, with a marked lack of phenocrysts. Foliation is 

almost completely absent. 

The plagioclase is subhedral to anhedral and generally zoned in the 

normal sense, though oscillatory zoning also occurs. Its composition ranges 

being commonly saussuritised. Some 

orthocl~,e. Orthoclase (2V = 
X 

anhedral and commonly serici tisecl .• 

orthoclas~ 20 to 25% of the 

and commonly contains apatit8, zircon, and opaque inclusions; its alteration 

to chlorite is minor, but widespread~ Hornblende is subhedral to anhedral and 

pleochroic (X = pale yellow-brown, Y = green, Z = 01.2ve greem, absorption X< 

Y < Z)~ Twinning on (1 00) is common,' 2V 
X 

0 •.· " 0 
= 70 , and- z. c = 26 · • Bioti:te 

and hornblende generally each form 5 to 10% of the rock. Diopsidic augite. is, 

commonly present in minor amounts; it is .enclosed by hornblende,: and ifl 
0 . ' 

colourless with 2V = 45 generally twinned on (100), and has possible 
z 

. fine-scale ex solution lamellae, parallel to ( 001). 

Anhedral quartz forms 25 to 30% of the. rock, a.::1.d generally has 

relatively few ·iriclusion~ •. 
' . 

Acdessory minerals include magneti·~e, zircon, 
I' 

apatite, and 

The 

sample from 

40% quartz, 

sphene. Modes of three ;~\iameli i te~ are listed in ':'able M17. 
·' -. ·': -- L •. • -

adamellite contains rare pinl: .p.}>lite clykes ·up to .. 0.5 m thick. A 

grid :r;eference 432316 is composed of about 40% o'J;thoclase perthi te r· 
.- ' ·. i , , , 1 '• I·, , ', ··• -

and 20% oligoclase, all of about 1 mrn graj :1size. -l:J.re bioti tf 

occurs as irregular flakes less than 0.5 mm~ 

Clinopyroxene~bearing eranodio~ite. Granodiorite crops out in two 

large areas at the north and south ends of Boggy Plain, and also in a small area 

on the Snowy Mountains Highway (grid ref. 431241 f~. It is massive, with even

grained dark green or .black mafic minerals 1 white plagioclase, and gr·~Y quartz 

crystals. The grainsize is 2 to 3 rmn, and phr:~··.ocrysts are absent. The field 

relations of the gr~nodiorite and adamellite are uncertain. The two apparently 

grade into one another at the south end of Boggy Plain, although there is a 

sharp contact in the north of the plain. No exposures showing this sharp 

contact were seen, though outcrops of the two rock types were found only 2 m 

apart. 
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Unlike the adamellite the granod~orite comprises subhedral to anhedral 

plagioclase, clinopyroxene, and hornblende poikilitically enclosed in quartz 

and orthoclase. The plagioclase is strongly zoned with a compositi0nal 1anga 

of An to An 
60 30 

oscillatory z:ming is common in' the cores, and sa11ssuri ti- · 

sation is widespread. Anhedral orthoclase is generally microperthitic and 

commonly serici tised ,· and rarely has myrmeki tic grain boundaries when in contact 

wi t.h plagioclase. P.lagioclase generally forms 35 to 45%, orthoclase less than 

10%, and quartz about 20% of the rock. Plagioclase is commonly enclosed in 

orthoclase, locally.giving a monozonitic texture. 

The clinopyroxene appears.· to be a diops~dic augite, is colourless to 
0 

pale green with 2V == 55-60 ,. and is 'in a similar form to that in the 
z 

adamellite that is, as relict crystals surrounded by a reaction rim of 

hornblende. However, reaction to produce hornblende has not been as complete 

in the granodiorite as in the adamellite. The diopsidic augite is commonly 

twinned on ( 100) , has ex sol uti on traces parallel to ( 001 ) and ( 1 00) , and forms 

from 5 to 10% of the rock. Hornblende: forms about 10 to 20% of the rock, and 

is similar to the hornblende present in the adamellite. Biotite occurs as 

anhedral flakes, ·and has similar :properties to the biotite .in ·the adamellite; 
. . 

it forms less than 10% of the granodiorite. Accessoryminerals include 

magnetite, zircon, apatite, and sphene. The modal compositions of three 

granodiorite samples are shown in Table M17. 

Minor rock types. Apart from /the two major rock type's described above 

there are two small bodies of more basic composition within the pluton, bot!< 

on Boggy Plain. 

At the northern end of Boggy Plain a tvro-pyroxene gabbro (not shown 

on the map) forms a rim about 300 m wide along the northern edge of the 

granodio.rite. The rock ( se~ modal analysis in Table M17) is dark grey and is 

formed by medi.um:,..grained·pubhedral phenocrysts of hypersthene, augite, and 
... ·, '•·'' 

plagioclase in a fine to. ny::diu~:-l5J:i:dned groundmass of plagioclase, clino-

pyroxene, orthopyroxepe, hornblende, biotite, and quartz. In some places cumu

lophyric groups of pyroxene up to ·1 0 .:!run are abundant. The hypersthene shows 
',' .. ' '' - .. 

typical pleochroism: X = pink, Y = neutral, .Z = pale green; .2V is .very low 
0 X 

for hypersthene, posc;ibly about 45 , and the hypersthene has exsoluti6n 
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0 
lamellae of clinopyroxene· parallel to ( 100). Augite has 2V - 50 and has 

z 
ex sol uti on lamellae of opaques parallel to (001) and ( 100). Minor reaction of 

0 
the pyroxenes has produced hornblende with 2V = 70 , X = pale green, Y = 

X 
green, Z = green, and absorption X< Y '< z. Plagioclase is euhedral to subhedral 

I· 

and zoned from An to An ; 
. 65 40 

ct)res are commonly oscillatorily zoned. Many 

of the plagioclase laths have minute inclusions of octahedral opaques and minor 

irregular exsolved orthoclase; rarely the larger laths have abundant rounded 

orthopyroxene inclusions •. · Biotite occurs as irregular flakes commonly adjacePt 
'• 

to pyroxene. Quartz is interstitial·. and commonly poikili tically encloses 

plagioclase and pyroxene. 

At the southern end of Boggy Plain a biotite-bearing two-pyroxene 
2 

gabbro similar to that to the north crops out over an area greater than 1 .km • 

Hypersthene is the main mafic phase, ·and both hypersthene and augite have narrow 

reaction rims of hornblende. Biotite occurs as anhedral grains up to 2 mm 

embedded between plagioclase laths. Quartz is interstitial and orthoclase is 

rare. A sample from grid reference 444278 contains xenocrysts of olivine up 
0 

to 1 mm with 2V = 80 • 
X 

orthopyroxene, with 2V 
X 

These are surrounded by reaction rims of 
0 

= 70 (bronzite), distinct from the rest of the 

orthopyroxene in the rock, which has a lo'\-1 2V and is probably hypersthene or · 

ferrohypersthene. 

orthopyroxene (2V 
X 

Also prese·nt in the sample are microxenoli ths up to 2 
0 

= 50 ) and plagioclase about 0.1 mm with a granular 

texture and triple-point boundaries~ these are metamorphosed cognate 

xenoliths. 

IniJ,l 0 f 

Near the contact of the gabbro with the Gang Gang Adamellite, quartz 

and oPthoclase are more abundant, and many of the mafic grains occur in 

cumulophyric groups. Both two-pyroxene-quartz gabbro (see modal analysis .i~ 

Table M17) and granodiorite are present in this area. 

Contact effects , 

The Boggy Plain Adamellite has imposed a strong contact metamorphic 

aureole on the surrounding country rocks. Elevated hornfelsic ridges ,completel;l" 

surround the pluton, even in the adjacent Gang Gang Adamellite. The most 

distant noticeable effect of the pluton on the surrounding rocks is on the 

northwest side of the Sawyers Hill/Tantangara r1ountain hornfelsed rim. Tuff 

in the Temperance Formation up to 2 km from the contact contains metamorphic 

biotite and actinolite. The actinolite occurs as a reaction rim around original 
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TABLE M17. MODAL ANALYSES OF THE BOGGY PLAIN ADAMELLITE 
' I 

Rock type Adamellite Adamellite Adamellite Granodio:-:-ite 
S.limple no. 73840486 71 840181 71840201 71840189 
Grid ref. 430313 438318 384263 435292 

Quartz 33-2 27.1 27~3 19 

Orthoclase 29.3 22.6 20.8 11 • 0 
, .. 

Plagioclase 28.4 34.6 34-8 44~ 1 

Biotite 4.6 8.7 6.7 8 .• 2 

Hornblende 3.8 5-3 8.4 12.3 

Clinopyroxene 0~5 1.2 4-'9 

Orthopyroxene 

Accessories 0.7 1.2 0.8 " 0.4 
(magnetite,, s~hene, 
apatite, zircon) · 

Two- EY:roxene- Two- :Q;y:roxene 
Rock type Granodiorite Granodiorite guartz gabbro gabbro 
Sample .no. 71840191 71840183 73840179 71840185 
Grid ref. 439291 445324 444275 426329 

Quartz 21.7 17-4 9.6 2.7 

Orthoclase 4.2 5-4 2.1 0.2 

Plagioclase 44.2 42.4 49-7 55-1 

Biotite 7-4 8.7 3-5 4-9 

Hornblende 16.6 18.3 16.9 0.4 

Clinopyroxene 5-3 '7,. 2 12.7 17.1 

Orthopyroxene 4-4 19.3 

Accessories 0.6 0.6 1 • 1 0.3 
(magnetite, sphene, 
apatite, zircon) 
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clinopyroxene grains, and the biotite is present as recrystallised patches 

within the matrix and commonly as patches in the cores of partly altered 

clinopyroxene grains. These effects cannot be caused by the regional 

metamorphism in the Temperance Formation as the area is in the unrecrystallised 

and albite-prehnite zones. 

An interesting effect on samples from w.i thin the unrecrystallised zone 

on the ridge northwest of Black Walters Creek (grid ref. 375285) is the 

formation of biotite and actinolite without albitisation of original igneous 

and detrital plagioclase; a fluid phase was apparently not available to remove 

the anorthite component from the plagioclase. In thiB respect the contact 

metamorphism differs from the older regional metamorphism in which albitisation 

was widespread and proceeded at much lower grades than in the actinolite and 

biotite zones. 

Another contact-metamorphosed rock type about 2 km from the Boggy Plain 

Adamellite contact is a Silurian quartz-plagioclase porphyry dyke which intrudes 

the Bol tone [;.;:.1 _q R-t grid 'reference 409296. Plagioclase phenocrysts remain 

unalbitised, but original biotite phenocrysts have been completely 

recrys tallised, and blue-green a.ctinoli te needles are associated with th'e ' 

biotite. 

Contact metamorphism of the Boltons beds and Tantangara Formation has 

produced three recognisable zones. An outer biotite zone 1 to 2 km from the 

contact is characterised by the assemblage quartz-biotite-muscovi~e-(chlorite), 

in which the biotite (about 0.02 mm) is present as anhedral red-brown flakes. 

Cordierite spots up to 1 km from the contact and abundant within 200 m of it 

characterise the cordierite zone, the assemblage being quartz-biotite-

cordierite-muscovite. 
/I 

In the outer parts of the zone the cordierite occurs as 

scattered rounded poikiloblastic grains (0.5 mm) in 'rocks of pelitic 

composition. Closer to the contact the cordierite grains have a subhedral 

prismatic shape and are up to 1 mm by 0.6 mm· ' 
many of them have their c-axes 

aligned parallel. The inner zone, within 25m of the contact, has a mineralogy 

similar to the cordierite zone, butthe rock has been completely reconstituted 

to an equigranular rock with an average grainGize of 0.2 mm, though biotite and 

muscovite are commonly 0.5 mm long. Cordierite is now no longerpoikilitic and 

has recrystallised into many smaller grains (0.2 mm) commonly separated by 

quartz and biotite of a similar size. 

Contact metamorphic effects on the Gang Gang Adamellite have been 

described in the section on that pluton. 
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The Boggy Plain Adamellite intrudes the probably Upper Silurian Gang 

Gang Adamellite. It is mineralogically and chemically s~.milar to the Coolani'ine 

Igneous Complex and is therefore likely to be of similar age. The Coolamine 

Igneous Complex is Early Devonian and this age is suggested·for the Boggy Plain 

Adamellite. K-Ar dating indicates an age of a.bout 417 m.y. Rb-Sr dating 

indicates an age of about 406 m.y. (see GEOCHRONOLOGY for a more detailed 

discussion on the isotopic ages). 

GURRANGORAMBLA GRANOPHYRE 

Nomenclature 

Stevens (1958b) gave the name Gurrangorambla Granophyre to a pink 

felsic rock which forms much of the Gurrangorambla Range south of Cooleman Plain 

and Seventeen Flat, but he designaten no type locality for the. unit. Best & 
others (1964) subsequently used the name Gurrangorambla Range Granophyre on the 

2nd edition Canberra 1:250 000 geological map, but as the terminology of Stevens 

has priority it is followed herein. 

Derivation of name 

The granophyre is named from the Gurrangorambla Range, a prominent 

ridge separating the Cave Creek drainage basin from creeks flowing south into 

Tantangara Reservoir. 

Type locality 

We have designated as the typ~ locality of the intrusion the suinmi t 

area of Tom O'Rourkes Peak (grid ref. 484535) at the western end of the 

Gurrangorambla Range. 
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Distribution 

The Gurrangorambla Granophyre crops out in five distinct places in the 

Cooleman area. The largest body extends from Tom O'Rourkes Peak to Blue 

Waterhole Saddle along the Gurrangorambla Range and covers an area of about 5 
2 2 

km • A second, smaller area (just over 1 krn ) is farther east along the 

Gurrangorambla Range around Howells Peak and is in effect a continuation of the 

first area, though the two are separated by a later, intermediate intrusion. 

St8vens considered that these two bodies, at least in part, form a subhorizontal 

sheet, but was uncertain if it is extrusive or intrusive. It is now considered 

that the granophyre forms an elongate intrusive body which has steeply dipping 

contacts with the surrounding rocks, as the boundary appears to be little 

affected by topography. 
2 

The third area of outcrop of the unit covers about 0.5 km southeast 

of Spencers Hut, where the granophyre may form a series of sills- or possibly 

dykes - since contact-metamorphosed f!ediments are present within the area of 

outcrop however, exposure is poor and individual boundaries could not be 

mapped. The boundary shown on the TANTANGARA map therefore ~epresents the 

maximum extent of the. granophyre in this area. 
. . 3 

The fourth area covers about 1. 25 km in The Pockets area, and is 

a continuation of the body around Howells Peak, displaced northwards about 3 
{ 

km along the Mount Black Fault. The fifth area of outcrqp, which is small, is 

on the Goodradigbee River about 0.5 km dowrstream of the junction with Cave 

Creek. 

Petrogr~ 

A feature of the Gurrangorambla Granophyre is its marked similarity 

at all outcrops. Samples that have been contact-metamorphosed by later 

intrusions have recrystallised into a white to pink saccharoidal rock, but 

unmetamorphosed samples are typically fine-grained pinkish grey to pinkish 

purple rocks which weather to pale pink. Uncommon phenocrysts of feldspar are 

bP-st seen as white crystals on weathered pink surfaces. Scattered throughout 

the rock are patctes of green chlorite less than 1 rom. 

Widely scattered phenocrysts of subhedral sericitised plagioclase 1up 

to 1 mm, and sea ttered micro phenocrysts about o. 3 rom of subhedral opaques and 
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chlorite, possibly after pyroxene or hornblende, are set in a groundmass (95%) 

of alkali feldspar, opaques, sericite, and chlorite, all about 0.04 mm, 

poikilitically enclosed in rounded granophyric growths of quartz about 0.6 mm 

in diameter. 1n some areas the poikil:L tic :ruartz grains are separated by patches 

up to 0. 5 mm containing no quartz. In a few places there are patches of calcite 

about 0.5 mm in diameter. Quartz occupies about 35% of the rock and alkali 

feldspar probably about 50%. 

E~lations and age 

The Gurrangorambla Granophyre appears from field ev_idence to ,be the 

oldest of tlJ.e intrusive bodies in the Cooleman area. Ev:i.deri~e,near Blue 

Waterhole Saddle indicates that it is intruded by one pluton of the Coolamine 

Igneous Complex, which is in turn intruded by th.~ Jackson Granite. l!,urthermore, 

the granophyre intrudes the Kellys Plain Volcanics, of early Lochkovian or 

possibly late Pridolian age. The most likely age of the granophyre is 

Lochkovian. 

No extensive extrusive'equivalents of the granophyre are known, but 

a small area of pale cream rhyolite at grid reftlrence 527543 (not shown on the 

TM~TANGARA map) may be the remnants of a small extrusive equivalent older than 

the Rolling Grounds Latite. 

Nomenelature 

GOOLAMINE IGNEOUS COMPLEX 

(new name) 

We have given the name Coolamine Igneous Complex to a series of 

intr·Jsions of variP.d composition (ranging from pyroxene- bearing adamellite and 

gra:1odiori te, through quartz monzodiorite, quartz gabbro, and gabbro, to 

py;_~oxenite) which crop out in the Cooleman area, are closely related mineralo~ 

gically and geochemically, and appear tobe of closely similar age. Palmer 

(1972) used the name Coolamine Diorite for these bodies, a usage which is not 

considered to be strictly applicable because of their wide range in composition 

and occurrence as several separate intrusions. To aid the description the 

separate .. bodies have been given structural names in the text. 

!· 
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Derivation of name 

The complex is named from Coolamine homestead (grid ref. 507580), on 

the track from Long Plain to Blue Waterholes. 

Type locality 

We have designated no type locality because of the wide compositional · 

and textural variations shown by the bodies forming the complex. 

Distribution and petrography 

Ten individual plutons form the, complex in the Cooleman area, the 

southernmost cropping out on Currango Plain and the northernmost on the western 

side of McLeods Ridge. 

1. Currango .Plain pluton. This is a meridionally elongate intrusion 700 m 

long and 200 m wide. It intrudes the Kellys Plain Volcanics and is partly 

obscured by alluvium. The rock is conspicuous because of its spotted 

cumulophyric tP.xture o:? aggregates of mafic minerals (30-40%) up to· 10 mm evenly 

distributed in a pale green feldspathic groundmass. 

Sample 71840304 from grid reference 547485 is a pyroxene-bearing 

granodiorite. It contains aggregates up to 6 mm of anhedral grains of augite 

and altered anhedral grains of orthopyroxene. The orthopyroxene has in most 

places been comple!tely altered to an optically continuous chlorite and ?talc 

intergrowth alignad parallel to the c-axis of the original orthopyroxene. Most 

aggregates are monomineralic and compos0d of either augite or altered 

orthopy~oxene averaging about 1 mm, but some contain both minerals together, 

and, rarely, plagioclase is interstitial. The aggregates have reaction rims 

of actinolite, brown biotite, and minor opaques, and a.re set in a groundmass 

of subhedrtil plagioclase and anhedral interstitial quart~; and orthoclase 

perthite. The plagioclase forms phenocrysts up to 3 mm, co~nonly with wide 

calcic (An ) cores and narrow sodic rims (An ) ; the cores are 
50-60 15-25 

mostly altered to sericite, epidote, and rarely calcite. The modal analysis 

of this sample is shown in Table ~118. 
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A sample from grid reference 547484 is a biotite-bearing hypersthene

quartz monzogabbro. Like sample 71840304 it contains aggregates of pyroxene 

crystals in a quartz-feldspar groundmass. The aggregates are up to 7 mm, and 

some comprise single augite grains up to 6 mm. Augite (10%) has 2V 
z 

= 50 
0 

and is commonly twinned. Unlike sample 71840304, much of the orthopyroxene 
0 

(20%) is unaltered; it has 2V = 70-80 (bronzite) and is up to 2 mm. 
X 

Plagioclase grains (40%) are comJ,IOnly saussuri tised, but some have cores up to 
I 

Ar1 · all have rims of An 
so' . 15-25 

Quartz 10% and perthitic orthoclase (8%) 

are interstitial and commonly intergrown. Biotite (7%) and actinolite (3%) form 

reaction rims around pyroxene aggregates, and biotite is common in the 

groundmass. 

2. ~o~_g_uito Creek _Eluton. This pluton crops out on the Mosquito Creek 

Trail north of Mosquito Creek, around grid reference 505510. It is meridionally 

elongate, and is 2 km long and about 500 m wide. It is a composite body 

consisting mainly of even-grained pyroxene granodiorite intruded at the northern 

and southern ends by circular stocks of glomeroporphyritic rock similar to the 

Currango Plain pluton. The northern stock is about 300 m in diameter and the 

southern stock about 500 m in ~diameter. 

1'he northern stock is a pyroxene- bearing granodiorite with about .24% 

plagioclase, 18% quartz, and 12% orthoclase. The plagioclase is highly altered 

and up to 1 mm. Quartz and orthoclase are anhedral and average 0.3 mm. 

Aggregates containing augite and lesser altered orthopyroxene are up to 6 mm 

and have reactions rims up to 1 mm of pale green amphibolite and opaques. 

The southern stock is a biotite and orthopyroxene-bearing granodiorite. 

It is composed of about 30% saussuritised subhedral plagioclase (broad 

An cores and narrow fresh An rims) up to 2 mm,. 20% micrographic 
60-70 20 

intergrown quartz and orthoclase, and 50% mafics. The mafics consist mainly of 

chloritised orthopyroxene and lesser augite in aggregates up to 4 mm. Some of 

the aggregates have been partly disaggregated, as micrographic quartz and 

orthoclase have penetrated along grain boundaries within the aggregates, and 

individual grains of chlori tised orthopyroxene occur away from aggregates. 

Brown biotite flakes up to 2 mm long are scattered throughout the rock and also 

concentrated around the pyroxene aggregates. Those around the aggregates are 

alteration products of pyroxene, whereas those in the groundmass are primary. 

Chlorite and calcite are common interstitial fillings and alteration products of 

calcic plagioclase. 
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3. Seventeen Flat pluton. ~his is the largest intrusion in the Coolamine 

Igneous Complex. It crops out on Seventeen Flat and t,e Gurrangorambla Range 

east of Blue Waterhole Saddle as rounded boulders of massive dark homogeneous 

rock with a pale brmm crumbly weathering skin. The intrusion is 4 km long and 

up to 1.5 km wide, and is elongate northeasterly. It is irregular in shape with 

lobate. boundaries, and is probably connected to the Mosquito Creek pluton at 

depth. It intrudes; the Cooleman Limes tone, Pocket Formation, Gurrangorambla 

Granophyre, and K~llys Plain Volcanics, and is intruded by the Jackson Granite. 

The rock consi~ts mostly of biotite and orthopyroxene-bearing 

granodiorite~ It contains 30-40% plagior.lase, 15-30% quartz, 5-10% orthoclase, 

5-10% biotite;, and 25-30% pyroxene. Plagioclase has broad euhedral cores up 

to 1 mm of An and narrow rims of An • Quartz and orthoclase are 
60-70 15-20 

interstitial and subpoikilitic. Sample 71840447 (grid ref. 527530, see modal 

analysis, Table M18) contains poikilitic quartz up to 4 mm enclosing 

saussuritised plagioclase; augite almost completely altered to actinolite; 

and orthopyroxene completely altered to actinolite and intergrown talc and 

chlorite; orthoclase forms uncommon 8ubpoikilitic grains up to 2 mm. 

Pyroxene in the Seventeen Flat pluton is almost entirely altered - the 

orthopyroxene to chlorite, talc, and· actinolite, and the clinopyroxene to 

actinolite. The pyroxene has been completely disaggregated, but here and there 

cumulophyric groups still occur, and any augite grains in the cores are 

unaltered. Biotite occurs as individual grains, and as grains adjacent to 

altered pyroxene. 

Sample 71840363 (grid ref. 540534) is not typical of the Seventeen Flat 

pluton, containing no biotite and much less quartz (see modal analysis, Table 

M18). The quartz forms micrographic intergrowths with orthoclase. 

A sample from grid reference 532551 has been contact-metamorphosed by 

the Jackson Granite. It contains porphyroblasts of quartz up to 1 mm, and 

biotite that has recrystal1ised to a mosaic of many flakes. Actinolite (altered 

from augite) has abundant opaque inclusions. 

A sample from grid reference 527536, from a western extension of the 

pluton 1 km frvm outcrops of the Rolling Grounds Latite, is much finer-grained 

than the rest of the pluton as the groundmass quartz and feldspar grains are 

less than 0.1 mm. The rock is a pyroxene granodiorite-porphyry; it contains 

phenocrysts of unaltered augite, completely altered orthopyroxene, and 

saussuritised plagioclase, all up to 1.5 mm. This western extension of the 

pluton may have been a feeder for the extrusion of lava of the Rolling Grounds 

Latite. 
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4· Skains Hill pluton. This body is about 2.5 km northeast of Skains Hill 

and forms a prominent high-peaked hill west of Harris Hut. It is elongate 

north-northwesterly, about 1.7 km long and 0.4 km wide, and intrudes the Kellys 

Plain Volcanics. The rock is mottled pink, green, and grey, and is fine to 

medium-grained. 

Samples of the intrusion contain about 40% plagioclase, 10-15% quartz, 

10% orthoclase, 20% augite~ 10% altered orthopyroxene, 4% opaques, and minor 

biotite and apatite (see modal analyses of samples 71840457 from grid ref. 

476562 arid 7184045S.from grid ref. 477555 in Table M18). Plagioclase forms 

phenocrysts up to 3 mm with An cores and narrow An rims. Augite 
0 40-50 10-20 

(2V =50) forms subhedral to anhedral grains up to 1.5 mm with 
z 

orthopyroxene exsolved parallel to (1CO) in the cores. Orthopyroxene is 

subhedral and pseudomorphed by a mosaic of chlorite, talc, and actinolite. Some 

of the pyroxene grains occur in partly disaggregated cumulophyric groups. 

Quartz and orthoclase, commonly intergrown, form interstitial grains less than 1 

mm. 

Sample 71840457 (grid ref. 476562) contains rare microxenoliths up to 

5 mm composed of anhedral'to subhedral augite and altered plagioclase and 

orthopyroxene, all about 0. 7 mm. The xenoliths have a gabbroid texture. 

5. Cave Creek complex. About 2 km north of Harris Hut and adjacent to 

Cave Creek, at least si:x: separate bodies have intruded the Blue Waterhole 

Formation, Cooleman Limestone, and Kellys Plain Volcanics. Even-grained 

granodiorites up to 300 m 1-:ide crop out at grid references 490572, 485579, and 

479567. Microgranodiorites crop out at grid references 487576, 488577, and 

491578: these bodies are less than 200m wide. At grid reference 487575 a 

microgranodiorite intrusion is intruded by a coarser even-grained granodiorite. 

Pyroxene granodiorite at grid reference 488568 has roQ~ded embayed quartz 

xenocrysts up to 1 mm, which may be derived from contamination by the Kellys 

Plain Volcanics. The adjacent Rolling Grounds Lati te also contains xenocrysts 

of rounded embayed quartz. 

The microgranodiorite contains about 10% quartz, 40% plagioclase, 40% 

actinolite, and minor orthoclase, calcite, and opaques, all about 0.1 mm. The 

rock may be a microtonalite, as orthoclase is rare. 

The even-grained granodiorite contains subhedral plagioclase grains 

up to 3 mm, with broad oscillatorily zoned cores about An and narrow 
50-60 

albitic rims. Augite and hypersthene have mostly been altered to actinolite 
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and chlorite, but m~ny actinolite grains have cores of augite. Brown biotite, 

quartz, and perthitic orthoclase are all anhedral and up to 2 mm. A modal 

analysis of the rock is given in Table M18 (sample 71840460 from grid ref. 

491 572). 

Sample 71840453 (grid ref. 485579) is similar to the even-grained 

granodiorite, except that it contains more orthoclase and is thue an adamelJ.ite 

(see modul analysis, Table M18). 

6. Cooleman Mountains pluton. Granodiorite crops out as an elongate body 

on the northwest margin of the Cooleman Plain, on the eastern slopes of the 

Cooleman Mountains between grid references 487584 and 500610. The pluton is 

2.7 km long and up to 0.5 krn ~ide. The exposures are slightly rounded grey 

boulders up to 2 m across in which aplite and quartz veins are absent and 

mesoscopic xenoliths are rare. The granodiorite intrudes the Cooleman Limestone 

to the east, but dacite rubble obscures the contact with the Kellys Plain 

Volcanics to the west. However, a sample of the Kellys Plain Volcanics from 

within 100m of the granodiorite intrusion (grid ref. 484581) is a 

recrystallised dacite with abundant intergrowths of recrystallised biotite, 

strongly suggesting contact metamorphism. 

The granodiorite is similar to the even-grained granodiorite of the 

Cave Creek complex to the south, and is probably part of the same intrusion. 

Plagioclase (30-50%) forms subhedral grains up to 3 mm, some with broad patchily 

zoned cores (An ) and narrow An rims, whereas others are more evenly 
50-60 20 

zoned from An to An Augite is almost completely altered to actinolite 
60 20 

and hypersthene is partly altered to chlorite and actinolite. Subhedral brown 

biotite up to 2 mm is common (10%). Quartz and orthoclase perthite are 

anhedral, up to ·j nun, and commonly iutergrown. A modal analysis of sample 

71840471 (grid ref. 490596) is shown i:l Table ?if18e 

A sample from grid ref. 501609 contains common unaltered grains of 

augite up to 1 mm with actinolite reaction rims. Some of these augites have 

two sets of exsolution lamellae: one parallel to (100) and one parallel to 

(001 ). The lamellae parallel to (100) exsolved as orthopyroxene, and the 

lamellae parallel to (001) probably exsolved as pigeonite (Hess, 1960) lnter 

inverting to orthopyroxene. Also ir. the sample are two adjacent subhedral 

grains of tourmaline 3 mm long. The tourmaline is zoned, with cores pleochroic 

from pale green to dark green, and rims pleochroic from pale brown to dark 

bluish brown. 
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At the northern end of the Cooleman Mountains pluton, clinopyroxenite 

crops out as rounded boulders less than 1 m in an area 500 m long and 200 m 

wide. The pyroxenite is s'3parated frotn the granodiorite by 100 m of poorly 

exposed Blue Wa terhole Forma t.Lon and Ke llys Plain Volcanics. Veins of pink 

potash feldspar and yellow-green epidote are common throughout the pyro~enite~ 

which is composed of 90% subhedral to anhedral grains of augite (2V = 60) 
z 

mcstly about 0.4 mm. Orthoclase is interstitial, and orthoclase, chlorite, and 

epidote occur in irregular veins, and in patches up to 5 mm in diameter. 

Subhedral phenocrysts of augite are up to 4 mrn. The augite phenocrysts are 

zoned, with cores morf'l Mg-rich (lower maximum extinction angle) than the rims; 

the difference between the extinction angle for the cores and for the rims is 
0 

up to 5 , and the maximum extinction angle on the finer-grained augites is 
" 0 Z c = 44 • The rock may be similar tv amphibolitised pyroxenite xenoliths 

from tha Mountain Creek Volcanics. Some samples also contain plagioclase and 

are thus mela-monzogabbros. 

7. Coolamine homestead pluton. This body crops out on Cooleman Plain 

100 m northeast of Coolamine homestead. It is elongate east-northeasterly, is 

about 800 m long and 300 m wide, and intrudes the Blue Wa · 'ci.e>1~ Forllitition and 

Coolemnn Limestone. The roc~ is homogeneous throughout, l-1--
• .... .a. .. - eraundmass 

tends to be finer-grained towards the east. The eastern end of tht.· intrusion is 

within 150 m of outcrops of Rolling Grounds La ti te, anG :i. t is aill.ost certainly a 

feeder for the lati te. 

A sample from grid reference 506582 contains phenocrysts of eul:ed~al 

plagioclase (An ) up to 2 rr~, subhedral to anhedral augite up t~ 1 mrn, 
50 

altered orthopyroxene up to 0.6 mm, and a few rounded quartz phenocrysts up tr, 

1 mm. 'l'he phenocrysts occur in a groundroass of granophyric quartz ,qnd potash

feldspar intergrowths (c,. 3 rnm) , and minc,r biotite and opaques. A few 

microxenoliths composed of plagiocla80, augite, and altered orthopyro~ene ~re up 

to 4 mm. The plagioclase phenocrysts and the plagioclase in thP- microxenoiiths 

are Joth An , and havE'- narrmoJ sodic rims where they are in contact with the 
50 

grou:dmass. 

8. McLeods Traj_l plutcn. Granodiorite porphyry crops o:1t as sparse 

subangular boulders on the McLeods Trail west of the trig station on Mount 

Jackson, and on a rounded ridge southwest of the trig. The porphyry intrudes 
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the Rlue Waterhole Formation and Kcllys,Plain Volcanics and :.s about 2 x 1.5 

lan. The southern end of the intrusion is cut by an off!"1:"1oot of the Mount Black 

Fault. I.· 

The rock is tairly homogeneous th1·oughout, although the main mafic 

component in the north is augite .and that in the south is altered orthopyroxer,e. 

Samples consist of scattered euhddral phenocrysts of al i~ered labrarlori te (3 to' 5 
( ! ' - • ' ·, ' 

mm) with sodic ri~.s, abundant subhedral labradorite (.1 to 2 ~), augite rqrtl r 

pseudomorph'ed by actinolite t and subll.ed!-al orthOpj~!''JXene pseudomorphed by 

·chlorite (both ·1 to 2 mm). These are set in a .gro~ndmass .of micrographic and 

granular quartz and orthocla·se. Opaques are commonly associated with the 

altered mafics. Many of the "unaltered augite grains'contain exsolved lamellae 

nf ?orthopyroxene parallel to (100) and (.00,1). The groundmass of samples from 

grid feferences 520599 and 519~0~ has recrystallised into a granoblastic 

texture, so the intrusion ·may have been emplaced by multiple injection,. the 

earlier rna terial having been hornfelsed by 1a te:r injections of 'magma.· 

- ,_. 

g.· Circuits Mountain pluton. This body is the norther:r:un·ost pluton of the 

Coolarnine Igneous Complex. It crops out on the western side of McLeods Ridge· 

northw:est of Circuits Mountain. The intrusion is elongate meridionally,. 

par~llel to the strike of the,enclosing sediments, and is probably a sill; it 

is about 3-5 km long and up to 0.8 lGn wide. It intrudes the Blw~ Waterhole 
0 0 

encloses Forrnatio:.1 which dips about 50 to 60 east. It an inlier of 

rec~ys tE:llised limestone ·about 20 
l 

m wide at grid reference 540666, and about 

500 m north of this (grid ref. 542671) a do line about 10 m deep occurs within 

gabbro, indicating the presence of limestone beneath. 

The body contains two varieties·. of rock, gabbro and granodiorite: it 

i~ roughly zoned, with a core· of' granodiorite and a rim of gabbro. The boundary 

between the two rock types is quite sharp: at some localities (e.g., ~t grid 

ref. 544674) gabbro and granodiorite crop out less th~m 10 m apart. 

The gabbro.is a fine to medium-grained mottled dark green and white 

rock which crops ou·i; as rounded boulders up to 5 m across. At grid reference 
. . ' 

<.' 
, 534667 medium-grainer! gabbro crops out as a number of disconb.nuous cliffs up 

to 30 m high. The granodiorite is poorly exposed as angular blocks and float·· 

less than 0.5 m; larger exposures are highly jointed .and fractured, and 

strongly weathered to a grey friable rock. The granodi0ri te is a fine to 

medium-grained white rock with about 10% dark minerals - ~ostly biotite. 

/ 
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Gabbro. The gabbro is a quartz-horJl.blende ~abbro td th abundant zoned hornblende 

moulded onto and partly penetrated by plagioclase laths. The hornblende forms 
0 

subhedral to anhedral grains up to 2 mm. Its cores have 2V = 80 , and X 

=very pale yellow-brown, andY'""' Z = brown'with a reddish tinge; its rims have 
0 

2V = 70 , X = very pale yellow, Y = pale green with a brownish tinge, 
X 

Z = pale green with a bluish tinge, and absorption Y > Z.> X. In many grains the 

change from brown cores to green rims is sharp. Some of the smaller hornblende 

grains do not have brown cores, but have irregular cores of augite - the 

hornblende rims being deuteric. The brown hornblendes are probably primary 

basal tic hornblendes. Widely scattered thrpughout the rock are patches up to 

2 mm of intergrown chlorite, actinolite, and opaques; these are probably 

alteration products of orthopyroxene. 

Plagioclase occurs as abundant subhedral to euhedral laths up to 2 mm 

but mostly less than 1 mm. The laths are strongly zoned, with cores up tb 

An and narrow rims of An 
75 20-30 

Quartz, calQite, and orthoclase perthite 

form rare interstitial grains up to 2 mm. Also present are irregular ,blebs of 

opaques up to 0.6 mrn commonly surrounded by sphene up to 0.4 mm, and ei1hedral 

needles of apatite up to Q.8 x 0.05 mm. The apatite is commonly included in 

large brown hornblenl'le plates. A !IlOdal analysis of sample 72840217 (grid ref. 

544-674) is shown in Table M18. 
A sample from grid reference 534666 is a biotite-bearing ·two-pyroxene . 

gabbro. It contains about 10% anhedral to subhedral brown flakes of biotite 
. . 0 

up to 1 mm, and about 5% anhedral grains of hypersthene (2V = 60 )up to 
X 

2 rmn partly altered to actinolite. The biotite commonly surrounds irregular 

patches of opaques. 

Granodiorite. This is a hornblende-1:-iotite granodiorite. It is hypidiomorphic 

with subhedral to euhedral laths of zo'ned plagioclase (An cores and narrovr 40 ' . 
An rims) 

20 
up to 2 mm (40%), anhedral quartz (25%) up to 1.5 mm, and anhedral 

orthoclase pc:-thite (20%) up to 2 mm. Biotite (10%) occurs as bro~o.rn partly 

chlori tised flakes ( pleo?hroic from yellow·-brown to almost bl~ck) up to 1. 5 mm 

scattered throughout. Opaques (3%) are subhedral octahedra up to 0.4 mm. 

Hornblende (2%) occura as scattered green to brown-green subhedral grains up 

to 0.6 mm. Apatite is a minor accessory, and epidote and sphene are alteration 

products--of rare clusters of ma:~ic minerals,. 
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A sample from grid reference 535657 is a metagranodiorite. It contains 

phenocrysts of sericitised plagioclase (30%) up to 0.8 mm, pale green-yellow 

actinolite pseudomorphing prroxene up to 1 mm ( 1 O%), and a few grains of augite 

(5%) up to 1 mm surrounded in turn by actinolite and then fine-grained braun 

biotj_ te. Brown biotite ( 1 3%) also occurs with chlorite ( 2%) as common 

recrystallised patches throughout. The groundmass of the rock consists of 

rec1·ystallised granoblastic quartz (30%) and orthoclase (10%) with an average 

grainsize of 0.1 mm. Some quartz porphyroblasts are up to 0. 7,,;mm. This sample 

has been contact-metamorphosed and indicates that intrusion was probably by 

multiple injection. 

Contact effects. At grid reference 532662 a white contact-metamorphosed Blue 

Waterhole Formation marl crops out within 10m of the contact. It is composed 

of anhedral diopside (30%) as porph~rroblasts up to 1 mm in a granoblastic 

aggregate of quartz, plagioc:..ase (An ), diopside, and sphene, with an average 
30 

grainsize of 0.2 mm. Some of the plagioclase grains are up to 0.5 mm. The 

presence of diopside in the rock indicates hornblende hornfels facies 
. . . 0 

metamorphism, and the temperature must have been at least 400 ~. 

10. Peppercorn Creek pluton. About 500 m northeast of Peppercorn Hut a 

stock about 400 x 200 m crops out as white rounued boulders up to several 

metres. The rock is conspicuous because of the presence of about 20% mafic 

min~rals which occur as cumv::.ophyric clots up to 10 mm evenly distributed 

throughout the rock. The oody is homogeneous throughout and has no observable 

chilled margins. It intrudes the Upper Ordovician Temperance Formati-:m. 

The rock contains about 50%. strongly zoned (An . cores, An 
70 30 

margins) subhedral to euhedral plagioclase laths averaging 0.3 mm but up'to 3 

mm, interstitial plates of quartz and orthoclase about 0.5 mm, and minor patches 

of chlorite. Scattered throughout are aggregates up to 8 mm wide of mafic 

minerals (20%); these contain many grains of augite and chloritised 

orthopyroxene, most of which are anhedral but some are euhedral. A few augite 

grains have irregular blebs of pyroxene (?orthorhombic) exsolved within them. 

Some of the aggregates are richer in augite, whereas others are richer in 

altered orthopyroxene. The aggregates are in a reaction relation wit:: the rest 

of the rock: their margins have been altered to broim-green hornblende, 

opaques, and chlori tised biotite. Opaques are more common around the margins 

of orthopyroxene-rich aggregates than augite-rich aggregates. 
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A modal analysis of sample 71840463 (grid ref. 482616) is shovm in 

Table M18. 

A thin section of the Temperance Formation from wi ~hin 10 em of the 

contact with the Peppercorn Creek pluton (grid ref. 487616) shows that 'there 

'was virtually no contact metamorphism. The rock contains fragments and crystals 
I 

of augite and plagio~lase in a cherty matrix. The matrix is ~~lmost isotropic 

and is recrystallised only to the same extent as other tuffaceous cherts ·in 

the Temperance Formation. It therefore seems that th'e Pep.t.Jercorn Creek pluton 

was intruded into its present position in a cool ~emi-solid state. 

!ge and relations 

Sever·al bodies Jf the Coolamine Igneous Complex intrude the Upper 

Silurian Cooleman Limestone and Blue Waterhole Formation. Bodies also intrude 

the Kellys Plain Volcanics, which unconformably overlie the Cooleman I·imestone 

and Blue Waterhole Formation. 

Silurian. 

'· .e complex is therefore no older than latest . 

Stocks of the Coolamine Igneous Complex are almost certainly feeders 

for the Rolling Grounds Latite. On Cooleman Plain the intrusives and the 

extrusives are closely associated, and fine-grained samples of parts of the 

Seventeen Flat pluton, Cave Creek complex, and Coolamine homestead pluton are 

similar in hand specimen to the latita. Both the intrusives and the extrusives 

contain phenocrysts of augite (•'Ommonly with (100) exsolution) and chloritised 

orthopyroxene. Analyses of the latite are similar to analyses of rocks from 

the Coolamine Igneous Complex (see GEOCHEMISTRY AND PETROGENESIS). Thus it is 

almost certain that the age of the Coolamine IgneouR Complex is Early Devonian, 

the same as the Rolling Gro'.lnds La ti te. 

The relative ages of the various bodies within .the Coolamine Igneous 

Complex are unknown. In the Mosquito Creek pluton, cumulophyric rocks intrude 

even-grained granodiorite, so it is possible that ladies with this spotted 

cumulophyric texture are later than the even-grained'rock. It is also possible 

that the cumulophyric rocks grade into more even-grained rocks ,at depth, as the 

cumulophyric rocks only occur as small stocks and apophyses less than 500 m in 

diameter. 

The mineralogy of the Coolamine Igneous Complex is similar to that of 

many small stocks to the south and southwest, including those near Mount Nattung 

trig station, at Hell Hole Greek, and east of Gooandra homestead. The complex 
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TABLE MIS. MODAL ANALYSES OF THE COOLAMINE IGNEOUS COMPLEX 

PI uton Currango Seventeen Seventeen Cave Cave Skains Skains Pe2eercorn Coo Ieman Circuits 
Plain Flat F"l at Creek -cr=eek Hi II Hffr- Creek ~ountains Mountain 

Sample no. "'i'f'8'40304 ""7'i840363 71840447 71840453 71840460 71840457 "'Tf8'404 58 '"'l'i840463 71840471 72840217 
Grid ref. 547485 540534 527530 485579 491572 476562 477555 482616 490596 544674 

Quartz 20.4 7.6 20.2 24.7 25.9 14.3 14.3 2. 9 
' 

Plagioclase 30.6 47.6 34.2 25.2 43.3 41.2 39.7 54.0 so. 4 46.0 
( 

~· ; 

Orthoclase 16.3 9~2 10.3 20. 1 11.4 9 •. 1 12.8 9.7 6.2 2.3 

Augite 4.5 ) ) 7.2 ) . 22.0 19.2 5.0 8.3 3.0 
) 32.8 ) 26.6 ) 9.8 

Hypersthene ) ') ) 

(nnstly altereci~ 13.0 ) ) 6.0 ) 8. 1 11. 3 7.4 5.0 

Amphibole 4. 7 9.6 4.5 4. 0 41. 1 

Biotite 6.6 6.5 5.6 7.0 1. 1 2.0 1 Or. 1 c 

Chlorite 2.4 2. 7 

Opaques 0.5 2.3 1. 9 . 1. 6 2.2 4.2 3.8 . 2.3 1. 2 3.0 

Apat itf'; 0.2 Oe5 0.3 c- 0.4 i. 1 0.4 0.2 0.5 0.6 

Calcite 0.8 0.1 1. 1 

Anorthite content ·:. 

of plagioclase 50-60 60-70 . ;60-70 40-50 5\)-60 40-50 40-50 60-70 50-60 60-70 

cores ,:~ 

Rock type Pyroxene Quartz Pyroxene Pyroxene f>Y.roxene Pyroxene Quartz Quartz Quartz Quartz 
grana- monzo- grano- · adamellite grana- grana- monzo- .monzo- monzo- gabbro 

diorite gabbro diorite diorite diorite <id ior i te gabbro diorite 
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also resembles parts of the Boggy Plain Adamellite. Chemical features indicate 

that all these plutons form a distinct suite of I-type granitoids, the high

potassium I- type suite of Owen & Wyborn ( 1976), hefe renamed the Boggy Plain 

Suite because we feel it is more appropriate to name the sui t,7 after its most 

important pluton rather than after its particular chemical characteristics. 

JACKSON GRANITE 

Nomenclature 

Joplin & others (1953) first published the name Jackson r!ranite on the 

first-edition Canberra 4-mile Geological Sheet, and Best & others (1964) used 

it on the second edition. Previously, Walpole (1952) had used both Jackson 

granite and Jackson granodiorite when referring to the same intrusion. Stevens 

(1958b) gave the name Black Mountain Granite to a granite cropping out south 

of Cave Creek, whi.ch we consider to be a par-!; of the Jackson Granite displaced 

south-southeast by the Mount Black Fault. The name Black Mountain Granite is 

thus a junior synonym of the Jackson Granite. 

Derivation of name 

The granite is named from Mount Jackson trig station (altitude 

1648 m), about 5.4 km north-northeast of Blue Waterholes. 

~ locality 

The type locality·is here designated as Mount Jackson trig station 

(grid ref. 540613) 1 where medium to coarse-grained pink granite cut by rare 

fine-grained apli tic veins is extensively exposed. 

Distribution 

The Jackson Granite crops out in three separate areas: on Mount Black, 

on Mount Jackson, and at the northern end of McLeods Ridge. The largest of 

these is the Mount JacksC'n mass, cov·er:i.ng a roughly semicircular area of 16 
2 

km , whose diameter is formed by the Mount Black Fault. The granite forming 
') 

Mount Black, south of Cave Creek, covers an area of 2.8 hn'- a- 1 is considered 
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to be part of the Mount Jackson·mass displaced about 3.5 krn to the south

southeast along the Mount Black Fault. IJ.1he other outcrop of the Jackson Granite 
. 2 

covers an area of about 3.5 krn ; although it is probably a separate plu'ton, 
' ' ' J ',· 

it is mineralogically similar and has been described along with the main body. 

Lithology 

The Jackson Granite crops out as rounded· tors commonly up to 10 in high, 

and as slabs and cliffs on steeper slopes - for example, at grid reference 

563678 there are sloping cliffs up to 100 m high. Exposure is good; t:be 

concealed outcrop between boulders is never.more than a few metres. Jointing 

has no preferred orientation and is not.reflected in the topography. Weathering 

is deep (greater than 2m) on the ridges, but where the Goodradigbee River has 

cut a deep gorge through the granite south of Koorabri almost continuous 

relatively fresh exposure occurs along the river banks. 

The rock is a medium to coarse-grained pink granite with pink potash 

feldspar up to 10 mm. Biotite is general\r fine-grained, commonly bleached 

ivhi te, and occupies less than 5%. Pink aplite dykes 1are present at some 

outcrops. At a few localities, such as the top of Mount Black (grid ref. 

538548), the granite is fine-grained with av rerage grainsize of 1 mm. On the 

western side of McLeods Ridge (to the liTest of Mount Ginini), there are many 

small isolaterl intrusions of Jackson Granite, some less than 2 m wide. ·These 

small intrusions are medium-grained and white to pale .pink, with plagioclase and 

biotite much more common than in the main bodies; they are adamellite. 

Xenoliths are absent from most of the granite outcrops, "!Jut within 50 m 

of the contacts with the Blue Waterhole Formation in the lower Peppercorn Creek 

and Goodradigbee River valleys they are abundant as angular blocks up to 1 m of 

chert and cherty siltstone. Also present are subrounded xenoliths of blue-grey. 

por-phyritic rhyodacite (probably Kel1ys Plain Volcanics) and grey-green 

andesitic rock (probably the Rolling Grounds Latite). At some localities (e.g., 

at grid ref. 563712) xenoliths of rhyodacite, latite, and Blue Waterhole 

Formation averaging. 10 to ~0 em form about 50% of the rock (Fig. M25). Also 

present in the Peppercorn Creek valley, but farther from the contact, are 

rounded. xenoliths up to 10 em of fine-grained amphibolite. 

The most typical granite is allotriomorphic equigrauular with an 

average grainsize of 3 to 4 mm. Quartz and perthi tic potash feldspar are 

abundant, each comprising between 35 arid 45% of the rocks The quartz forms 
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,. ___ ······-··-··'"' ...... :~ .•..... 

Fig. M25. Xenoliths- mainly of the Blu6 Waterhole Formation and 
Kellys Plain Volcanics - in tbe Jackson Granite at grid 
reference 563712. 

(GA/1856) 
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anhedral grains, commonly slightly rounded when over 3 mm. Some of thest.~ large· 

grains may have been beta-quart?.. Smaller quartz grains are highly angular. 
. I . 

The potash feldspar occurs as sericitis~d xenomorphi6 gra~ns with 

fingers penetrating between adjacent quartz grains to give a subpoikili tic 

texture. Twinning is common on the Baveno law and less common on the Carsbad 

law; cross-hatch twinning is absent. In some samples (e.g., from grid ref. 

540613) poikili tic grains of perthi te up to ·10 :run contain abundant peripheral 

inclusions of quartz, minor albite, and rare biotite; their inclusion-free 

centres are probably original feldspar phenocrysts on to which overgrowths have 

been deposited around adjacent quartz grains, which now form inclusions. 

Perthite exsolution lamellae are abundant in all potash feliispar grains. The 

lamellae occur as film, vein, and patch perthite; some of the patches are up 

to 1 mm. In some rocks, vein and patch perthite lamellae are multiply twinned 

on the albite and pericline laws. In some grains there is a tendency for 

perthite lamellae to be more abundant at the edges of the grain and absent at 

the centre. In a sample from grid reference 532559, a 3-mm grain is surrounded 

by a rim of albite, giving the grain a rapakivi texture; the albite rim is 

optically continuous with the perthite lamellae, and the lamellae are more 

abundant towards the edge of the grain. 

Plag:i_oclase (less than 15~) occt;'.rs as subhedral to anhedral zoned 

grains up to 3 mm, with An cores and allite rims; rare cores are as calcic 
1 20 

as An , and most are highly sericitised. Biotite is present in amounts less 
40 

than 5%, and is more common in the coarse-g r::-ained samples, such as from grid 

reference 538548, where it occurs in groups; in most samples it forms scattered 

partly ch1oritised dark brown gra1'1s up to 1 mm. OpaqueG, euhedral to subhedral 

sphene up to 3 mm :'ng, and apatite are associated with the biotite, and 

fluorite forms rar· interstitial gr~ ins in biotite-poor rocks. 

At grid reference 553678, on McLeods Ridge, an adamellite intrusion 

2 m in diameter contains subhedral plagioclase (45%) up to 2 mm (zoned with 

An cores and An rims), subhedral orthoclase perthite (30%) up to 3 mm, 
40 20 . 

anhedral quartz ( 18%) up to 2 mm, ar1d partly chlori tised biotite ( 7%) up to 

1 mm. Opaques, apatite, and zircon are associated with the biotite. The 

orthoclase grains in thif sample do not exhibit overgrowths, and do not have 

perthite lamellae concentrated near the rims. 

A sample from grid reference 563707 is an amphibolite xenolith composed 

of about 50% pale green hcr.rhl:mde, 5% biotite, 20% plagioclase, 15% orthoclaRe, 

and 10% quartz, generally wi~h all grains less than 0.2 mm. In some parts of 



M283 

the xenolith, orthoclase, quartz, and green hornblende, all up to 2 mm, 

together form porphyroblastic groups. A few subhedral grains of plagioclase 

up to 1 .5 · mm with seri'citised. rime are also present; these may be relict 

igneous phenocrysts: , ·. 

f..B!!.. and r·ela tions 

The Jackson Granite intrudes the Upper Silurian Cooleman Limestone and 

Blue Waterhole Formation, both of which are strongly hornfelsed near the contact; 

wollastonite forms masses up to 30 em at grid reference 563708. The granite also 

intrudes and has recrystallise·· the Lower Devonian Mountain Cree~.: Volcanics; 

this is especially noticeable at grid ref~rence 536622. As chemical ovidence 

implies that it is genetically related to the Mountain Creek Volcanics,, we 

conclude that its age is also Early Devonian. It is also similar lithologically 

to the Burrinjuck Adamellite, which has been dated at 415 .::_ 8 m.y. by K/Ar and 

399 + 8 m.y. by Rb/Sr. 

A biotite separate of a sample from grid reference 535553 gave a K/Ar 

age of 413 + 8 m.y.; the same biotite separate plus whole rock gave a Rb/Sr 

age of 324 + 6 m.y. and initial ratio 0.7063 ~ 0.0001 (ARb87 
= 1.42 x 

-11 -
10 /y·ear). The K/ Ar age is in very good agreement with the Burrinj uck 

Adamellite K/Ar date, but the anomalously young Rb/Sr·age suggestB that the 

biotite has lost rad :!.ogenic strontium. 

BURRINJUCK ADAMELLITE 

Nomencl~ture 

Best & others (1964) first used the term Burrinjuck Granite to describe 

the pink adamellite at Burrinju ~: 

to the south as far as the Gool 

~ also the granodiorite that extends 

•• _..:i River. Ashley & Basden ( 1 973) revised 

the nome.ncla ture and proposed that the Burrinj uck Dam outcrops be referred to 

as the Burrinj uck Adamellite, and the granodiorite to the south be i.ncl uded in 

the You~: Granodiorite. We have followed Ashley & Basden in their use of the 

term Burrinjuck Adamellite. 
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Derivation of name 

'llfle name is derived from Burrinjuck Dam, whose dam wall is built on 

the· ou.tcrop of the intrusi.:>n. 

Type locali ·Sz: · 

The, type locality is designated at the area immediateHy north· of 

BurrJ.njuck Dam wall, where good exposures of partly we.athered fine to medium

grained pink adamellite crop out in quarries and road~ cuts. 

Field occurrence 

t!~:J 

The Burt'injuck Adamellite is an elongate body extending from just east 
' 1. : 

of Bundaleer (grid ref. 428157) to Burrinjuck Dam, 11 km to the n.or;th, and into 

YASS. Near Bundaleer the body is less than 1 krn wide, but it widens to the 

north to reach a maximum width of 4. 5 km inunediately south of Burrinjuck Dam. 
? 

Cramsie & others ( 1 9'75) ha·re mapped about 12 km- of the Burrinjuck Adamellite 

in YASS. 

The adamolli te is particularly well exposed between Hill top (grid ref. 

421203) and the Murrumbidgee River. In this area huge tors up to,10 m high are 

common, and the concealed outcrop between smaller exposures is never more than a 

few metres. In many areas there is almost 1 00:% expo sure in the form of rocky 

p:.:tvements, slabs, join"!; faces, and sloping cliffs. South of Hilltop the 

adamellite hae been planed off by ?Early Tertiary erosion, and much of the area 

has subsequently been covered by late Miocene basalt flows. Where the 

adamellite is exposed on this planed area it forms scattered rounded hillocks, 

and tors from a few metres to over 10 m ~'Tide. 

The adamellite is medium to coarse-grained over most of its outcrop 

area, but on the eastern edge for about 4 km south from Burrinjuck Dam fine

grained apli tic gran5.te crops out for about 200 m west from the contact; the 

apli tic phase then grades into the coar·ser-grained phase. Samples are massive 

equigranular and composed of greyish quartz and conspicuous pink al~{ali 

feldspar, with lesser white plagioclase and about 5% biotite. The grainsize 

ranges from about 4 to 5 mm in the coarser-grained phase, to less than 2 mm in 

the aplitic phase. At some localities (e.g., grid ref. 432213) biotite and 

plagiclase form phenocrysts in the nplitic phase. 

I - (, 

i 

' 
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Xenoliths are rare in the adamellite, but amphibolite xenoliths have 

been four1d at several localities. The~r ar·e disc-shaped and rarely 1.3xceed 100 

mm. They are particularly common at grid reference 417245· 

The adamellite is commonly strongly weathered, and samp1er3 crumble 

easily. Rampl~s with fresh biotite are difficult to obtain. Weathering imparts 

an,overall p~ 1kish brown colour to the rock owing to the breakdom1 of alkali 

feldspar and biotite. 

For most of its eastern margin the adainelli te is faulted against the 

Middle Devonian Hatchery Creek Conglomerate by the Long Plain Fault, but to the 

north the fault swings eastward and the adamellii te intrudes the Goobarragandra 

Volcanics. The western margin of the adamellite is an intrusive contact against 

the Young Batholith in the south, and the Goobarragandra Volcanics in the north. 

The adamellite also intrudes a hornblende dolerite stock (part of the Micalong 

Swamp Basic Igneous Complex) near grid reference 410235· At grid reference 

403235 a vein of contaminated adamellite intrudes hornblende dolerite, and 

nearby in the bed of Jeremiah Creek the adamellite ia highly contaminated with 

hornblende and plagioclase. Also ia this vicinity a limestone lens within the 

Goobarragandra Volcanics has been hornfelsed by the intrusion of the Burrinjuck 

Adamelliteo The limestone, about 100m wide, is completely recrystallised to 

a pure white marble with a grainsize of about 10 to 20 mm. A few bands of calc

silicate minerdls are pre3ent within the marble. Felsic volcanics from the 

Goobarragandra Volcanics have also been extens1Yely hornfelsed within 150 m of 

the contact with the Burrinjuck Adamellite. Adjacent to the fine-grained 

apli tic granite on the eastern margin contact effects are no'r, 30 strong. 

Petrograph;:t 

The modal analyses of two samples are given below. 

Sffillple no. 

Grid ref. 

Quartz 

Orthoclase 

Plagioclase 

Biotite (+ 

Sphen'3 

Opaques 

perthi te 

h' '+ ) .; .... or2.;e 

73840385 

418245 

42.3 

;,).4 

21 .8 

3-7 

1. 7 

0.1 

73840471 

445254 

44-7 

27.3 

23.3 

3.8 

0.5 

0.4 
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The idmnelli te is hypidiomorphic equ:Lgranul8.r wi t,h an average gr2"ln::~ize o.f a"t?out 

2-4 rn.rn, though some alkali feldspar megacrysts are up to 6 rnrn and a few quartz·. 

grains are larger than 4 rnrn. The la'rger quartz grains are rounded and partly 

resoJ'bed, and were probably originally .beta-quartz. Alkali feldspar is most

likely orthoclase, as cross-hatch twinning ·iR ;::;bsent; it is commonly twinn~d 

on the Carlsbad and Baveno laws. Film, vein, and patch perthites are well 

developed in most alkali feldspar grains. The orthoclase in the alkali feldspar 

graL1s is crowded with a dusting of iron oxide inclusions, col0uring the 

orthoclase reddish brcwn in plane pol·nised ligh·t. Plagioclase f;)rrns subhedral 

zoned grains of about 2 rnrn .with partly saussuri tised An 
' . 25~:5 

cores and 

An rims. Nyrrnekite is common along t!1e boundaries of pLagioclase with 
5-1~ 

orthoclase. 

Bio tt te forms sea ttered subhedral flakes, about i ::.m f wh:i.ch are 

pleochroic from pale yellow- brown to vr;ry dark br')wn 1 · t~1ough most are IJartly 

to completely chlori tised. Euhedral zi,rcon, opaques, sphene, and apatite are 

associated with the ·biotite, Euhedral sphene is also cornillon as scatter·ed 

crystals up to 1 rnm long. It i~ pleochroic, {rom pale yeilow~brovm to ora.nge

brown and rarely exhi bi h3 lamellar twinning. 

rte ap::;_i tic granite on the eastern side of the ·intrusion is similar 

to the main mass except that the grainsize is somewhat sJnaller' (less than 2 mm), 

and alkali feldspar is more abundant than quartz. Flue:rite is also present in 

the aplitic granite, as pale violet interstitial grains up to 0.6 rnm~ and as. 

purple grains associated wi-t:h op~ques and biotite. 

Where the Burrinjuck Adrunellite has .Lntruded a dolerite stock related· 

to the Micalong Swamp Basic Igneous Complex, the adamellite has been heavily 

:Jontaminated bythe dolerite. The products of contamination··conta:Ln up to 40% 

plagioclase with An cores and An rims; and 20% subhedral hornblende. 
5Q 0 20 0 

The hornblende has Z c = 18 , 2V + 55 , X = pa~e yellowish-green; Y = 
X 

greenish brown, Z =.bluish gre,en, and absorpfion Y > Z > X. Quartz, o1.·tho.ciase . 

perthite, biotite, sphene, opaques, ~nd apatite ~re alsq present in the 

contaminated rocks. One sample also. contains ~augite in the cores of e.ome of 
. -

the hornblende grains. ' ,'1 
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Contact metamorphism 

P: strong c0ntact aureole up to several hundred metres .wide su,rrr,unds 

the Burrinjuck Adamellite. ·Where the adamelliJ,.a intrudes a dolerite s:cock the 

dolerite has b~en hornfelsed into a mosaic of polygonal green-brown J1ornblende, 

andesine, and minor quartz, all about 0 1. mm. Hornfelsed ·felsic vo::.canics from 

the Goobarragandra Volcanics cont~in poikiloblastic grains of blue-green 

hornblende, subpoikiloblastic diopside, a~d p6lygo~al mosaics of plagioclase, 

orthoclase, quartz, an<.l biotite. Minerals from the contact-metamorphosed 

limestone include wollastonite, diopside, prehnite, vesuvianite, and hydr()-
. . 0 

garnet. The presence of wollastonite indicates that temperatures of 500-700 c 
were reached, the precise temperature depending on the partial pressure of 

CO (Winkler, 1974, p. 127). 
2 

The Burrinjuck Adamellite intrudes the Silurian Goobarragandra 

Volcanics and theYoung Batholith. Cramsie'& others (1975) show it intruding 

the Lower Devonian Mountain Creek Volcanics on their map. The adamellite.is 

mineralogically and chemically similar to the Jackson Granite and the 

Gurr·angorambla Granophyre, and ·1e suggest that all thr~9 are related to the 

:r.Iountain Creek Volcanics. The adamellite would therefore be of Early Devonian 

age. 

A Rb/~":.r determination on bioti te/whole-ro'ck separates from a sample 
. 87 

from grid reference 418245 yielded an age of 399! 8 m.y. (~Rb = 1.42 x 
-11 

10 · /year; and an initial ratio of 0.7051 + 0.0001. The same biotite 

separat•;' gave a K/ Ar age of 415 + 8 m.y. 

MINOR INTRU,3IONS OF THE BOGGY PLAIN I·-TYPE SUITE 

Between the Tantangara and Long Plain Fault:3 there are many small mafic 

to intermediate intrusions which are mineralogically and chemically similar to 

parts of the Boggy Plain Adamellite and Coolamine Irneous Complex. The 

intrusions are relatively undefo"t'm~i, and intrude rocks as young as the Upp€~r 

Silurian Gang Gang Adamellite. Like the Boggy Plain Adamellite and Coolamine 
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Igneous Complex they are all thought to be of Early Devonian age. Two types 

iof intrusions have been shown on t:Pe '1}.1A.WCANGARA map: an even-grained type 

(Dgk), and a· type containing cumulophyr'ic groups of pyroxene crystals (Dck). 

';One of the even-grained types, the Hell Hole Creek Adamellite (Crook & others, 

1973) denoted t;ts Dhh on the TANTANGARA map, has been described separat~ly (seP. 

below) 8 There are also several stocks and dykes, some less than 5 m wide, which 

are mostly too small to be shown on the 'TANTANGARA map; these are mainly 

cu..rnulo:phyric types such as those from grid references 362255 and 416349. 

The even-grained types are horhblende-biotite granodiorites, 

adamellites, and rare quartz monzodiorftes with an average grainsize of 0.5 to 

1 rnm. The hornblende is green or brow.hish green, and commonly encloses cores of 

clinopyroxene; others have actino1itic cores after pyroxene. One sample from 

grid reference 436419 also contai:1s ~resh orthopyroxene in the cores of some of 

the hornblende crystals. Plagioclas1 is strongly zoned, with cores of An 

and rims commonly as sodic as An • / The 
20 / 

accessories include magnetite, spheJe, apatite, 

70 
potash feldsp~r is orthoclase, and 

and zircon. One adamellite from . I I 

grid reference 450471 contains acce'ssory sphene 
·I 

and allanite together. The 

modal analyses of five samples~ in~l uding three from the Hell Hole Cre~k 
' 

Ad"l.mellite, are given in Table M19. 

TABLE M19. MODAL ANALYSES OF M,INOR INTRUSIONS OF THE BOGGY PLAIN I-TYPE SUITE 
I 

Pluton 

Sample no. 

Grid ref. 

Quartz 

Orthoclase 

Plagioclase 

Hornblende 

Clinopyroxene 

Orthopyroxene . 

Biotite 

.Accessories 

Unnamed 

71 840411 

436419 

1 2. 3 

8.5 

43-8 

15.8 

4.1 

1.7 

1 3-2 

0.6 

/ 
I 

I 
I 

iUnnamed 
;~~-....;.. 

! 71840412 
/ 

437422 

20.1 

14. 1 

41.0 

8.4 

1 5. 2 

1.2 

Hell Hole Creek Adamel1.i te 

71840413 

447423 

32.2 

19.5' 

35~8 

6.5 

0.7 

4.6 

0.7 

7'181-0414 

449418 

30.2 

15.5 

34-7 

g.() 

1.3 

8.3 

0.5 

..71 840415 
'.I,'· 

449416 

23.0 

6.7 

32.8 

20.5 

8~9 

7.1 

1.0 

r .. 
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The types with a ctmulophyric texture form a wider range of. rock types, 

from gabbro (grid ref. 388288) through quartz monzo
1
diori te ann granodiorite to 

adamellite.. The conspicu\::'_18 e-venl,Y distributed mafic clots in these rocks 

consist of rounded. groups up to 6 mm of pyroxene crystals. Some groups contain 

only clinopyroxene, some only orthopyroxene, and some both pyr~xenes. In a few 

samples the pyroxenes are arrang~d with their c-axes in a radial pattern, and 

in some of them a single pyroxene crystal shaped like an hour-glass extends from 

one side of a clot to the other.. The geometrical arrangement of crystals in 

these groups indicates that the groups are not accidental microxenoliths, but 

are formed by the aggregation of pyroxene crystals suspended in a melt, although 

the pyroxene crystals themselves may have been xenocr}~ts rather than minerals 

that crystallised from the melt.. The cumulophyric groups of pyroxenes are 

surrounded by narrow reaction rima of green or greenish brown hornblende. The 

hornblende is optically continuous only on individual pyroxene ~~ystals. 

Opaques and biotite are also commonly present in the reaction rims. In many 

samples the pyroxene has been altered to uralite which. is optically continuous 

with the surrounding hornblende. Some of the more maf:i.·::: rocks, such as the 

quartz monzogabbro from Kiandra (Browne & Greig, 1923) and samples from grid 

references 416182 and 388288, contain olivine inclusions in some of tho 

orthopyroxene crystals in the cumulophyric groups. 

The pyroxene groups are embedded in a groundmass of similar composition 

to the even-grained rock types, except that hornblende is much l&ss common and 

quartz and orthoclase rarer in the more ~afic samplese 

Hell Hole Creek Adamellite 

Field occurrence 

Bein ( 1 969) and Crook & others ( 1 973) used the' name Hell Hole Creek 

granite for a subcircular intrusion that crops out in the eroded core of the 

semicircular Peak Back Ridge, 1vhich is drained by Hell Ho:::.e Creek - from which 

the unit takes· its name. We hP:.;e renamed the unit the Hell Hole Creek 
i 

Adamellite because in most samples the alkali feldspar and plagioclase contents 

are roughly equal. The adamellite forms a marked topographic low over an area 
2 

of about 2.5 km , which is surrounded by hills of the more resistant contact-

metamorphosed Tantang.qra Formation. The adamellite crops out as small boulders 
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generally less than 1 m but in places up to 2 m. It is deeply wea there'd, nnd 

fresh rock is difficult to obtain. Over nuch of the area it is covered by thick 

scrub, and the boundaries shown on the map are partly based on photo-interpre

tation. 

~ locality 

The type locality for the intrusion is here designated as a clearing 

on Hell Hole Creek at grid reference 449418, ·where scattered boulders of 

adamellite up to 2 m diameter are fairly common; this is the only clearing 

within the outcrop of the body. 

Field relations 

I\ 
I 

The contact of the intrusion with the surrounding rock is exposed where 

Hell Hole Creek leaves the Peak Back Ridge at grid reference 449416, where a 

medium to fine-graj_ned granodiorite is in sharp contact with quartzite:-; and 

hornfels of the Tantangara Formation. Metamorphism near the contact reaches 

the hornblende hornfels facies, and thermal effects of the granitoid, in the 

form of spotted shale, are present ove~ 1 km from the . co~'tact (e.g., at grid 

ref. 452438). 

Petrogra£_hy 

The adamellite is a relatively uniform reddish pink, weathering to p:de 

pink. It consists of scattered pale green plagioclase phenocrysts up to 5 mm 

in a granular matrix of pink, black, and white potash feldspar, mafic minerals,. 

plagioclase, and quartz grains 2 to 3 mm in diameter. Near the margin of the 

intrusion the rock is medium grey, weathering darker, even-grai,ned with a grain

size of 1 to 2 mm, and has less potash feldspar than 'the rest of the intrusion, 

indicating :wning from granodiorite at the rim to adamellite in the core. · 

The adamellite has a hypidio~orphic texture with euhedrnl to subhedral 

plagioclase and mafic crystals surrounded by anhedral quartz and potash 

feldspar. ·The plagioclase is almost completely saussuritised except for narrow 

sadie rims, but here and there fresh labradorite is present in the cores of some 

grains. The anhedral potash feldspar is g8nerally strongly stained a turbid 

brown, and in a few places forms graphic intergrowths with quartz. In contrast 
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to plagioclase, which everywhere forms 30 to 35% of the rock, the amount of 

potash feldspar decreases from 20% near the centre of the intrusion to less than 

7% a.t its margin. Quart~:, forms anhedral interstitial crystals, and shows a 

trend in abundance similar to the potash feldspar~ decreasing from over 30% near 

the centre to 20% at the contact. 

Biotite is present in fairly coneb.:~t amounts, frOm 5 to 8%, and· 

usually forms subhedral crystals cornrr.only partly or completely replacedby 

chlo1·ite; it is strongly pleochroic : X = pale yellowish brown, Y = Z = dark 

brown. A colc,urless clinopyroxene is fairly common near the edge' of the 

intrusion (8.9% in sample 71840415, Table M19), but is rare towards its centre. 

This clinopyroxene, probably augi tc, is almost everywhere rimmed by green 

hornblende and is partly replaced by it. The re·l uc tion in the amount of augi t8 

tovrards the centre of the intrusion is partly the re.:mlt of a more compl~te 

replacement of augite by hornblende, but it is elsa due to an overall reductiun 

in all mafic minerals towards the centre. Hornblende also occurs as euhedral 

c·ystals without pyroxene cores. It is pleochroic- X= pa.i.e green, Y =green, 
0 

and Z = dark green - has an extinction angle of 22 on 010 sections, ana 2V 
0 ' X 

= 75 • Alteration of hornblende to chlorite with minor epidote is fairly. 

common. Accessory minerals include apatite, zircon, sphene, and opaque 

minerals. 

The modal compositions of three rocks from the Hell Hole Creek 

Adamellite are showr1 in Table M19. Sample 71840413 was from near the centre· 

of the intrusion, 71840415 was fr·om within 1 m of the contact against the 

Tantangara Formation, and 71840414 was collected at the type locality, roughly 

~idway between the other two samples. 

An intrusion on the western edge of the Peak Back Ridge appears to be 

related to the Hell Hole Creek Adamellite. It crops out on the ridge at grid 

reference 435422, and ex tends east towards the Hell Hole Creek Adamellite in 

the valley 220 m below. Detailed relations between the two intrusions could 

not be determined with certainty owing to the thick scrub, but they are probably 

not in contact w·i th one another at the surface. The composition of this secO!ld 

intrusion ranges from quart?- monzodiorite to gran~.~u.iorite; it is medium grey, 

and consists of dark mafic minerals set in a white granular matrix of feldspar 

and q?artz. Grainsize increases from about 1.5 mm near the margin to about 3 

rmm through most of the intrusion. The rock has a hypidiornorphic gran'.llar 

texture and a mineralogy similar to that of the Hell Hole Creek Adamellite; 

differences include more biotite ( 15%) and less quartz ( 1 0-20%). In addition, 
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hypersthene, showing characteristic pale pink pleochroism, occurs near the 

contact with country rock; it, and the augite also present, A.re enclosed by· 

hornblende. Towards the centre of the intrusion, replacement of pyroxene by 

amphibole is complete, and hornblende and biotite are the only mafic minerals 

present. The plaGioclase is commonly fresher than in the Hell Hole Creek 

Adamellite ~nd has cores of An 
65 

Modal compositions of two rocks from the pluton are shown in Table M19. 

Rock 71840411 is from the margin and 71840412 from near the centre of the body. 

Nomenclature 

MICALONG SWAMP BASIC IGNEOUS COMPLEX 

(new name) 

Very 1ittle previous work has been done on the baEiic rocks cropping 

out on the western edge of BRINDABELLA. On the Canberra 1:~50 000 Sheet (Best & 

others, 1964) they were poorly delineated and marked simply as 1 ib 1 
( interme-

diate and basic intrusions). Strusz (1971) stated that what is now termed 

Goobarragandra Volcanics includes n'.lmerous (but not delineated) basic intrusions 

and 1 the large area of "ib" around Micalong Swamp may fall into this category.' 

Owen & others ( 1974a) mapped two basic intr·usions in the Fiery Range, 

TANTANGARA, and suggested that they correlate with the basic intrusions in 

~BRINDABELLA. This correlation has been confirmed, as a series of baE:dc stock.c 

and dykes is now kno-vm to ext~nd along the western edge of the Canberra 

1:250 000 Sheet area, from the headwaters cf the Yarrangobilly River in the 

south to the northernmost stock 5 km south-southeast of Burrinjuck Dam. The 

total meridional extent of these rocks is over 60 km. There are similar basic 

rocks along the eastern edge of the ·wagga Wagga 1:250 000 Sheet area. 

We here propose that all of these basic intrusions on the western edge 

of the Canberra 1:250 000 Sheet area be named the M:icalong Swamp Basic Igneous 

Complex. To separately name the larger stocks at this stage would be 

inappropriate, as all the stocks are closely related qnd the rock-type variation 

within individual stoc.ICs is greater than that between stocks. 

Derivation of name 

The name is taken from Micalong Swamp, which forms the headwaters of 

Micalong Creek (grid ref. 385900) in BRINDABELLA. 
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Type .-:;ection 

We have not selected a type section, but easily accessible 

representative samples may be collected fromMicalong and Wee Jasper Roads near 

Yankee Ned Hill, and from Wee Jasper Road just south of its junction with Yass 

Road (grid ref. 463113)e 

Field occurrence 

In BRINDABELLA and TANTANGARA the r.ficalong ·Swamp Basic Igneous Complex 
. 2 

consists of many stock-like bodies, of which 12 are 1 km or more in outcrop 

area, and widespread meridionally oriented swarms of basic dykes •. The lllrgest 

stocks lie within a discontinuous belt 2-) kmwide and 33 1an long, from around 

Micalong Swamp northwards to Wee Jasper Creek. North and south of this central 

belt the bodies are smaller. 

Access north of Micalong Swamp is good because of the extensive network 

of forestry tracks within the Bucclet.:.ch State Forest, and the relatively flat, . 

grazing land nor:h and west of the :crest. To the south the Kiandra Tableland 

is deeply Jissected by the Goobarragandra River and its tributaries, and 

vehicular acces~ to the stocks is severely limited. 

Exposure is ge~erally widespread but mostly as float embeddeCI. in a rich 

red soil. Most of the exposure north of Micalong Swamp has been produced by 

bulldozers bringing rounded boulders to the surface in road-cuts. The size of 

the boulders is genarally proportonal to the grainsize of the rock, and boulders 

up to 2 m are common. In the coarser-grained rock types rare tors are up to · 

4 m high (e.g., at g~id refs. 388957 and 399055). In the more dissected areas, 

boulder float still forms the main type of exposur6, though exposure in a number 

of streElm sections is excellent (e.g., grid refs. 407830 and 382.739). Closely 

spaced meridionally trending basic dykes intruding the Goobarragandra Volcanics 

are well exposed in road-cuts at grid references 369930 and 365921, and in the 

creek bed at grid reference 432983 (Fig. M26). Elsewhere, evidence for the 

presence,of basic dyke swarms is a chaotic mixtu~e of boulders of Goobarragandra 

Volcanics and dolerite. Such presumed swarms are mostly next to the larger 

sto~ks within the Goobarragandra Volcanics. Basic dykes are rare in the Young 

Batholith, but hav~; been observed in the Coodravale Granodiorite at grid 

reference 498113, and are common in the porphyritic marginal phase of the Broken 

Cart Granodiorite in t~e Goobarragandra River valley at the northern end of 
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Feints Range. A wsathered ba~ic dyke 1·5 m wide in a road-cut ~t grid reference 

418862 in the Broken Cart Granodiorite may be Tertiary and not related to the 

Micalong Swamp Basic Igneou.CJ Complex. Basic dykes also intrude the main stocks 

off the complex: this is mostly inferred from the presence of fine-grained 

dole.rite float mixed with gabbroic float, but is evident in outcrops on the 

eastern side of Yankee Ned Hill (grid ref. )82957) .. 

A fine to medium-grained gabbro with about equal proportions of 

plagioclase and mafic minerals is the main rock type in the twelve larger 

stocks. This rock type is greenish grey and mostly quite fresh, with a 

weathering skin of only a few millimetres. Listed below are several less common 

geographically restricted varieties of gabbro. 

Olivine gabbro is uncommon; it crops out only in small areas at grid 

references 393629, 391970, and 363715. At the first of' these localites it forms 

a band 30 em wide which can be traced for 10 m, and is pitted because the 

o~.ivines have partly we a the red out. At the other two ,localities it occurs as 
!,1 0 

boulders up to 70 em across. The fresh rock at grid reference 391970 :tas a 

spotted texture due to darker olivine-rich patches up to 10 mm across set in 

the feldspar-rich groundmass. 

Magnetite gabbro predominates in two areas: one occupies most of 
.2 

Yankee Ned Hill, and the other - occupying over 3 km of outcrop - is near 

the junction of Wee Jasper and Yass RoA.ds northwest of the Coodravale 

Granodiorite. The magnetite ga.bbro is darker than the gabbro elsewhere in the 

complex, and commonly contains elongate crystals of hornblende; it strongly 

attracts a small magnet tied to a length of string. The rock is generally more 

weathered than the gabbros .richer in feldspar, and ranges iri grainsize from very 

fine-grained to samples with crystal~ averaging 4-mm, such as at grid reference 

382956. 

Leucogabbro is 1:he main rock type at the northern end of a stock around 

grid reference 402056, where it forms tors up to 2 m high. The rock is strongly 
I 

banded, with alternating light and dark bands fro!Il em to 30 em wide (Fig. 

M27). Plagioclase crystals are aligned parallel to the banding and probably 

accumulated, as a result of crystal settling, to form rhythmic layers, which 
0 

dip 50 to the south-southwest. Some of these layers are so depleted in 

mafic minerals that they. form anorthosites ~ontaining about 90% plagioclase. 

Leucogabbro also crops out at grid refer~rices 402626 and 389985. 

Gabbro pegmatite is locally abund.3.nt in all 'the stocks. It is composed 

mainly of felds~A~, ~urnblende, and augite in grains up to 2 em. In places the 
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Dolerite dykes intruding the Goobarragandra Volcanics at 
grid reference 432983. 

(GB/1819) 

Band~d gabbro at grid reference 402052. 
(GB/1840) 
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hornblende is markedly zoned. The pegmatites commonly form patches up t;o 30 

r:m, or ·nand s U!J to 1 0 ern wide, apparently along joint planes; both are exposed 

at grid reference 388957· 

At one locality (grid ref. 456129) a hornblende pyroxenite containing . ' ' 

no plagioclase was found in float. This is the only known ultramafip rock in 

the complex. 

Several of the larger gabbroic stocks contain areas of pa~·e fine to 

medium-grained hornblende-quartz-feldspar rock which appear to be felsic 
! 

differentiates of the gabbroic rocks. There are three main areas /oi outcrop 

of this rock type, which :is denoted as Sirn on the BRINDABELLA map': 
, I 

(i) north of Wee Jasper Creek, immediately south of the Lo~g Plain 

Fault; 

( ii) 

(iii) 

along Yankee Ned Creek east of HallL Block (grid ref./ 402975); and 
I 

about 7 km north-northwest of. Cowrajagc Hill (around ·grid ref. 375190). 

In addition to these main outcrops,.· dykes of a similar rock type crop 

out on the eastern side of Yankee Ned Hill at grid reference 382957, and on the 

next hill east at grid reference 389959. Both these dykes are over 20 n1 wide 

and trend roughly meridionally. The dyke on Yankee Ned Hill is cut by nearly 

parallel dolerite dykes. The felsic rocks crop out as tors less than 1 m high, 

and are more weathered than the gabbroic rocks. 

Petrography 

There are thre~ major groups of rock within the Micalong Swamp Basic 

Igneous Complex: dolerites, gabbros, and tonalites, the last also including 

quartz diorites and leucogranodiori tes. The doleri tes come from the dyke swarms 

and have a grainsize of less than 1 mm; the gabbros forn the major part of the 

stocks; and the tonalites are differentiates of the gabbros and form a 

relatively minor part of some of the stocks. In addition to these major groups 

there are rare pyroxeni tes and contaminated gabbros; the fine-grained gfibbro 
! 

at grid reference 408235 has been hornfelsed by the later Burrinjuck Ada'melli te. 

For the convenience of describing the rock types within the general gabbro 

group, five subgroups have been dist~nguished, but it must be stressed that they 

form a differentiation continuum, which makes such grouping arbitrary. 
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1. Doleri tes. 

These rocks are mostly even-grained with an average grRinsize of 0.5 

mm. Samples with a grainsize of greater than 1 mm generally come from the 

stocks and not t!le dykes, and have been terrr1ed gabbros. Two types of dolerite 

are common. The most abundant type has a ~mbophi tic texture, but in most 

samples the pyroxene has been completely urali tised. Some samples, such as that 

from grid reference 376953, have infrequEmt unRl tered clinopy .. ~oxene with 

uralitised rims. Plagioclase is euhedral to subhedral and mostly around 1.0 x 

0.5 mm; both Carlsbad and albite twins are common. The composition ranges from 

An in the cores to around An in tbe narrow rims; the zoning is evens 
60 30 

and oscillatory zoning is rare. Quartz, opaques, and apatite are common 

accessory minerals. 

The other dolerite type is. generally finer-grained (0.2-0.3 mm average 

grainsize) and does not have an ophitic texture. Instead the nmphibole is more 

elongate and probably primary; pyroxenes are ab>Jent. Quartz and particularly 

opaqu.es are more abundant; opaq_UI.~S fonn between 5 and 10% of the rock. Plagio-

clase is zoned a!ld probably has an average composition around An These 
45 

rocks should strictly be termed magnetite-quartz microdiori tes. 

A few samples of porphyritic dolerite have been collected. One from 

grid reference 379951, contains about 15% plagioclase phenocrysts up to 3 mm, 

and s't phenocrysts up to 2 mm o:f possible orthopyroxene r:ompletely altered to 

a mat of fine chlorite; the groundmass has an average grainsize of 0.3 mm. 

The plagioclase phenocrysts a,re extremely calcic; they are weakly zoned, having 

cores of around An in shar9 contact with narrow rims of arouo1 An 
90 40 

Two other dolerites, from grid references 4089~8 and 443966, appear 

to be porphyritic in hand specimen, but thin sections show that th~~y comprise 

extremely poikili tic greenish brown hornblende up to 6 x 4 rnm enclosing abundant 

groundmass-size plagioclase. As these hornblendes are not phenocrysts in the 

strict sen~e the rock cannot really be termed porphyritic. 

2. Gabbros 

(a) ClinopJ[roxene gabbro. This is the most abundant gabbro type, being 

the main constituent of all the larger stocks. Salnples are even-grained, but 

locally grainsize may be anything from 1 to 5 mm; the coarse-grained types such 
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as that from grid reference 364734 are the least common. Most samples have a 

subophi tic texture of elongate euhedral plagioclase .Laths (An ) and equant 
75-50 0 

anhedral grains of partly uralitiaed colourless clinopyroxene (2V ~50). 
z 

In some samples, such as those from grid reference8 361723 and 381740, both 

plagioclase and clinopyroxene are anhedral. Po:Lkili tic brown hornblende (up 

to 5%) is present in most samples; its pleochroic scheme varies from locality 

to locality between two 

brown, X< Y < Z, 2V = 
X 

green-brown, X< Z ( Y, 

extremes of X = pale brown, Y = red-brown, Z = red

pale yellow-brown, Y = brown, Z = 
0 

75-80 , and X = 
~2V 

X 

0 
= 65 ., Opaques a~e common in rocks containing 

hornblende of ~he latter type, so this hornblende is probably the more iron-

rich. Green hornblende sur-::·ounding the clinopyroxene, and quartz, are also 

present in th~se mar~ iron-rich rocks. In some samples, such as that from grid 

reference 468103, euhedral plagioclase cryst~ls are aligned to produce a well

developed cumulate layering. 

w~ere uralitisa+,ion has been strong the adjacent plagioclase crystals 

have more sodic rims than normal, as lo-.;.r as An . in some (e.g., at grid ref. 
20 

379186). This suggests that the original clinopyroxene was a subcalcic augite, 

so that calcium had to be scavenged from the feldspar and added to the augite 

to form urali te of roughly actinolite composition. Proof that this pr·ocess 

plays at least some part in the uralitisation process is evident in sample 

72840184, a coarse-grained gabbro from grid reference 37 4734, in which a zoned 

4-mm plagioclase crystal has been broken and the fracture filled with fine

grained actinolite. For 0.2 mm either side of the fracture the plagioclase is 

strongly depleted in calcium, and there is a sharp boundary between the original 

and calcium-depleted parts of the plagioclase crystal. Evidently diffusion 

processes can remove calcium from the outer 0.2 mm of plagioclase crystals. The 

same sort of diffusion process probably operates when plagioclase is albi tised 

during low-grade metaroorphiam. 

(b) Two-2yroxene gabbro. This rock type cannot be distinguished from 

clinopyroxene gabbro in the field, but it contains clinopyroxene and up to 10% 
0 

orthopyroxene. The orthopyroxene is colourless with 2V ~, 70~·75 ( bron-
x 

zite), and is some\vhat more ophitic to plagioclase than thG accompanying 

clinopyro::ene. One two-pyroxene-magnetite gabbro from grid reference 401955 

contains pleochroic hypersthene (2V ~ 55°), rather than bronzite, with X= 
X 

pale pink, Y = pale yellow, Z = very pale green. Two-pyroxene gabbro appears to 

be co~non in the stock immediately east of Hilltop (grid ref. 384042). 
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(c) Q~ivine gabbro. Two samples of olivine gabbro, from grid references 

~59362~) and 363715, contain about 50% subhedral plagioclase (An , 2 mm) which 
0 75 

is subophitic to colourless clinopyroxene (25%, 2V + 50 , 2 mm). Almost 
z 

all the clinopyroxene has orthopyroxene lamellae ex solved parallel to ( 100). 

Rounded olivine ( 10%) up to 1 mm is widely distributed. The olj_vine has 2V . 
0 X 

80 Etnd so contains 60-70% fors teri te; it also shows alteration selvedges 

of iddingsi te. The rest of the rock is made up of roughly equal amounts of 

poikili tic orthopyroxene ar1d red-brown hornblende, both irregularly enclosing· 

the plagioclase, clin. 1yroxene, and olivine. The orthopyroxene may reach 2 mm, 
0 

has 2V ~ 70 , and · i .1tly pleochroic from pqle pink to colourless. 
X 

An olivine gabbro from grid refere"lce 391970 is similar in minGralogy 

and grainsJ.:~e to those described above, except that the olivine occurs in partly 

altered patches a bout 10 mm in diameter composed of 1-M olivine, plagioclase, 

and orthopyroxene. The 
0 

has 2V ~ 62 (En ). 
X 70 

0 
olivine has 2V = 85 ( Fo ) , and the orthopyroxene 

X 75 

(d) Leucogabbro. This rock is of similar grainsize to the other gabbro 

types, but is characterised by the abundance of plagioclase (70-90%). The 

plagioclase is euhedral, calcic (An ), and only weakly zoned. Most 
75-90 

crystals are parallel, forming well-developed cumulate layering, and exhibit 

complex twinning on albite, Carlsbad, and pericline laws. Interstitial partly 

urali tised clinopyroxene and bro1vn hornblende are the only other primary 

minerals, though one banded leucogabbro from grid reference 401051 contains a 

layer 5 rnm thick of plagioclase ( 85%), opaques ( 1 O%), and apatite prisms up to 

1 rnrn long (5%). 

One rhythmically banded gabbro from grid refere!lce 399055 contains 

alternating dark and light bands a feloT centimetres thick. The dark bands have a 

sharp base and grade up into the light bands. The only difference between the, 

dark and light bands is.in the abundance of uralitised clinopyroxene and 

interstitial braun hornbleno.e. Aligned plagioclase occupies 90% of the rock 

in the light anorthositic bands and has a composition of An (from figc 2 
91 

of Tobi & Kroll, 1975). 

(e) Magnetite gabbro. This rock type predominates in two areas (see Field 

2ccurrence). It differs from the other gabbros in that hornblende is the main 

primary mafic mineral, and opaques occupy more then 5% of the rock. The 

hornblende is commonly zoned with greenish brown cores and green rims, and some 
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crystals enclose partly or completely uralitised pyroxene. The pyroxene is 
' . 

mostly monoc.1inic, but pleochroic orthopyroxene is also present in some samP,les 

(e.g. , grid ref. 401955) • vleak pinkish pleochroism in the clinopyroxene points 

to.a moderate titaniu~ content.· Opaques are subhedral to anhedral, and up to 

2 mm in the coarser-grained gabbros. In some samples, such as from grid 

refarences 386961 and 396970, opaques form up to 15% of the rock. Partly 

saussuri tised plagioclase is subhedral and is zoned from lm to An 
65 30 

Quartz is a common interstitial mineral, and in some samples a graphic inter-

growth of quartz and sadie plagioclase forms part of the interstices. Apatite 

and anhedral sphene are common accessories. Most of these rocks should be 

strictly called hornblende-magnetite gabbros and hornblende-magnetite-quartz 

gabbros or quartz diorites. 

3. Hornblende pyroxenite 

Only ·one ultramafic rock has been. 1found in the Micalong ~.Swamp Basic 

Igneous Complex .:... a urali tised hornblende pyroxet!i te from grid reference 456129. 

It is composed of subhedral ?clinopyroxene cr;ysta·.:s ( 1-2 mm) complete'ly al tere'd 

to urali te and granular opaques embedded in extremely poikili tic pale bro·wn 

hornblende up to 10rom. Plagioclase is absent. The rock is probably from a 

cumulate layer inwhich pyroxene has settled, and hornblende has crystallised 

as a.n intercumulus mineral. 

4. .Tonali tes 

Tonslites and leucogranodiorites represent the fractionated parts of 
' . 

the MicalongSwamp Basic Igneous Complex. With alkali and silica enrichment 

the hornblende.:..magnetite-quartz dioritAs·grade into tonalites by a decrease in 

mafics and an increase in quartz and sodi~ feldspar. 'The quartz and sadie 

feldspar mostly form graphic intergrowths up to 1. 5 mm. The feldspar fs 

optically continu0us with adjacent ~uhedral 'plagiocla~e brystals, which are also 

up to 1. 5 mm and are zoned from An or An to An A single a1 bite 
40 50 10 

twin is present in most of the plagioclase crystals. In some samples the (]_Uartz . 

and sadie feldspar have not cr~tallised together but form separate grains -

for example, in samples from grid references 3751 91 and 371179, which cont:~in 

about 50% zoned plgioelase (An to An ) and 35% quartz; some of the 
50 10 

quartz grains have a beta-habit. In both the graphic and non-graphic tona:~i tes 
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hornblendd (up.to 12%) and opaques (up to 6%) make up most of t;he rest of the 

rock, but apatite needles up to 2 mrn long are common, cutting across all o~her 

11inerals, and zircon is also present. The hornblende is commonly partly altered 

1~0 chlorite, epidote, and actinoli i;b, but when fresh is a· ver·y dark ferro

h;9.stingsi te with X == brown, Y "" very dark greenish brown (in so:ne samples almost 
0 

b~.ack), Z = dark green, X< Z< Y, and 2V ~ 20 • 
X 

The most fractionated rocks are rare; they are fine, even-gr·ained 

le1cogranocliorites collected from dykes at grid references 451106, 459119, and 

38t 961. Their average grainsize . is about 0. 5 mrn, and quartz, plagioclase, and 
., 

antJ-perthi te make up about 90% of the rocks. Quartz-feldspar intergrowths are 
~ 

ra:rt'. The plagioclase is commonly zoned, with A..11 cores and albite rims; 
. . 35 

somE; crystals have antiperthite rims.. Ferrohastingsite, opaques, and biotite 

(X = pale yellowish brown, Y = Z = dark brownish green) make up the rest of the 

rock. Chlorite and epidote are common, alteration products of the mafic 
l 
I 

silic :1 tes, and apa ti~e and zircon are accessories. 

5. Cc~ntaminated rocks 

A number of gabbros and dolerites contain potassic minerals whiph do 

not fi1 into the differentiation sequence delineated for the Micalong Swamp 

Basic J.gneous Complex. We have concluded that these minerals (biotite and 

microcL\ne) are contaminants. Biptite is the most common. It occurs as partly 

chlori tj,sed flakeH up to 2 mm 
~ 

with X = pale yello~-r-brown, Y = Z = brown with 

a reddish tinge. 
I 

Pleochroic haloes are pres~nt but are not abundant. The 

biotite :.s of a similar size and colour to that in the adjacent Yolmg Batholith. 

Samples (Ontaining biotite have been collected from grid references 403826, 

408829, and 447959. Interstitial perthi tic microcline is· present as monzoni tic 

plates up. to 2 mm in samples from grid references 396838, 401833, and 463112. 

DiscussioT~ 

~ihe great range of rock types from abundant basic to rare acid 'types 

indicates {a well-developed differentiation suite. In situ gravity settling has 

resulted ila a range of basic types from anorthosites to pyroxeni tes. Olivine 

and two-pyroxene gabbros are relatively uncommon. Differentiation of the parcat 

' liquid has,produced iron-rich intermediate members suc:h as hornblende-magnetite· 

gabbro and 1hornblende-magnetite-quartz gabbro or quartz diorite. The final 
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products of differentiation are tonaliteo and leucogranodiorites containing 

ferrohastingsite. The presence of this amphibole in the tonalites indicates 

a higher iron-to-magnesium ratio than in the iron-rich intermediate members. 

Soda and silica enrichment proceeds before potash enrichment, and only in the 

extremely differentiated leucogranodiorites do readily identifiable potash

bearing mineralr:3 appear. The Micalong Swamp Basic Igneous Complex is a classic 

example of ~·o<:::ks produced by low-pressure fractionation of a low-potassium' 

thol.e:i.i tic liquid. 

Age and relations 

The Micalong Swamp Basic Igneous Complex intrudes the Goobarragandra 

Volcanics, but its relation to the Young Batholith is less simple. The l&rger 

basic stocks are older than the Broken Cart Granodiorite and appear to be older 

than the Couragago Granodiorite. No basic dykes have been observed in these 

two granitoids, but dykes are present in a porphyritic phase mapped as part of 

the.Broken Cart G~anodiorite at the northern end of Feints Range; this porphyry 

is probably a separate, slightly older intrusion. The dykes are less abundant 

in the porphyry than in the adjacent Goobarragandra Volcanics. Dykes must have 

been 'intruding the region both before and after the intrusion of the porphyry, 

but ceased intruding before tne main body of B:nJken Cart Granodiorite reached 
' its finn::. emplacement posi tLm. The basic stock at the headwaters of the 

Yarrangobilly River intrudes and uas hornfelsed the I-type Kennedy Range 
' 

Adamellite, yet another basic stock is intruded bythe I-type Coodravale 

Granodiorite, which rare basic dykes have intruded. 

From the above relations, we deduce :·~hat the emplaeements of • the Young 

Batholith plutons and the Micalong Swamp Basic Igneous Complex are intimately 

related, but the emplacements cannot be regarded as a single event. The 

relative ages of the basic stocks and the granitoids is probably reflected by 

the abundance of basic dykes within them, and the basic dykes were intruded over 

a considerable time. The presence of meridionally trending basic dykes has 

important implications for the stress regime in the region over that timee 

At grid reference 406235 ~ vein of Burrinjuck Adamellite intrudes a 

hornfelsed basic stock. As the Burrinjuck Adamellite is thought to be 

considerably younger than the Young Batholith, it is probably also younger than 

all of the Micalong Swamp Basic Igneous Complex. 
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An attempt was made to date wh '1e-rock samples of the Micalong Swamp 

Basic Igneous Complex by the Rb/Sr method, but this was unsuccessful because 

of the low values and limited spread in the Rb content of the samples. 

Hornblende from a hornblende-magnetite-quartz gabbro from grid reference 463112 

was dated by the K/ Ar method as 430 .:!:_ 9 m.y. , an age slightly older than the 

stratigraphic constraints indicate. 

'Ihus the Micalong Swamp Basic IgneousComplex is a group of chemically 

related i~trusive rocks, the age of which is Late Silurian. 

DEVONIAN SEDIMENTARY UNITS 

Devonian sedimentary rocks are restrictedto an area in the north of 

BRINDABELLA, where shallow-marine (Murrumbidgee Group), restricted marine 

(Kirawin Formation) and fluviatile (Sugarloaf Creek Formation and Hatchery Creek 

Conglomerate) environments existed. The original extent of these sediments is 

not known, but. they probably never fully covered the thick pile of Mountai~ 

Creek Volcanics immediately to the soutn. 

Kirawin Formation 

Nomenclature 

Best & others ( 1964) introduced the name 'Kirawin Shale' for a black 

shale or mudstone ·which crops out in the Narrangullen area between the Mountain 

Creek Volcanics and -!:he 'Sugarloaf Creek Tuff'. Previously, rocks of 'Kirawin 

Shale' were included in the 'Sugarloaf Creek Tuff. Pedder &'others (1970) 

changed the name to Kirawin Formation, but the unit has never been formally 

described. 

Derivation of name 

The u..~i t is assumed to have been named after Kiravdn homestead (grid 

ref. 676163). 

Type section 

Natural exposures of the Kirawin Formation are poor owing to its soft 
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nature. We therefol'e propose as the type section a roadr.•cut at grid reference 

576211 on Yass Road, 1.2 ·hn south of Narrangullen" About 15 m of black mudstone 
0 . . ' 

dipping 21 to thE! northweEJt is exposed, and is typical of the unit where it is 

fresh and undeformed. 

Distribution 

The outcrop of the Kiraw~n Formation forms an a~cuate belt 0.5 to 4 

km wide, which .stretches for 35 km from the eastern side of Codys Spur north 

to Sugarloaf Creek, then northeast to Narrangullen, then southeast down the 

valley of Sawyers Creek to Waratah end. Kirawin homesteads. Throughout this area 

the Kirawin Formation tends to form valleys, since it is soft and easily 

eroded. 

The Kirawin Formation is typically a massive to poorly'bedded black 

mudstone. When weathered it is light grey to white 9 and, sinceweathering is 

preferentially along joints, bedding planes, or recent root J.ines, the rock 

often has a ~ottled appearance. Thin sections show that the rock consists of 

very fine quartz! ~rains, muscovite flakes, and rare feldspar scattered through a 

.carbonaceous clay matrix. The muscovite is con~idered to be secondary, possibly 

after .illite. At some localities the mudstone is thinly laminated owing to 

variations in the proportion of quartz present, and in places itcontains 

scattered clasts commonly up to 1 em and rarely up to 3 cin. These clasts· are 

often weathered, but when fresh enough can be identified as volcanic rock 

fragments fr·om the Mountain Creek Volcanics; they :1re particularly well 

developed betwee:1. Narrangullen avd Sugarloaf Creek. 

In the area around Narrangullen, where deformation is slight, the 

mudstone is uncleaved, but, both to the southwest and southeast, dips-within the 

unit bec()me increasingly steep and cleavage is iri places well developed. 

Close to the contact with the underlying Mountain Cree:i{ Volcanics are 
I·· , 

several thin impersistent black r,hyoli(.;e flows similar to . the typical b~. ck 
,_. ,. 

rhyolite in the Mountain Creek Volcanics. Some agglomeratic and tuffaceous beds 

also occur close to this contact. 

Higher in the sequence are a few thin fine-grained arenite beds. 

These contain an abundance of lithic volcanic fragments together with quartz 

and feldspar. 
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Environment of de.posi tion 

Fossils are virtually absent from the bulk of the Kirawin Formation, 
; 

apart from rare worm burrows in cleaved mudstone at grid reference 680158, and 

unidentified trilobites (probably a new genus) found by ANU students near 

Brooklyn homestead (P.A. Jell, personal communication 1973). Both occurrences 

are ,from near the base .of the unit. Black mud~ are commonly regarded as being 

deposited in marine, oxygen-depleted, anaerobic environments where the supply 

of· detritus is virtually nil. For the Kirawin Formation a marine environment 

is suggested by the occurrence of trilobites near the base, but the environment 

rapidly became anaerobic, since fossils are lacking from higher in the unit. 

The Kirawin Formation is therefore thought to have been deposited in a 

restricted marine environment which received little coarse detrital sediment. 

The absence of coarse detritus from the basin is a puzzling feature for 

which we have no explanation. It would .be expected that, since a thick 

subaerial volcanic pile - the :r.Iountain Creek Volcanics - was formed immediately 

before (and even possibly, in pa:rt, at t.he same time as) the Kirawin Formation 

was deposited, there would be an abundance of available detritus. Instead, 

abundant debris from the volcanics occurs in the succeeding unit, the Sugarloaf 

Creek Formation. 

Relations. 

The Kirawin Formation re~ts conformably on the Mnuntain Creek 
' 

Volcanics, and is overlain. conformably by the Sugarloaf Creek Formation; both 

contacts are gradational. At the lower contact, thin rhyolite and tuff are 

interbedded with black mudstone over several tens of metres, and the contact 

has been defined for mapping convenience at the top ,pf the last flow which forms 

a topographic feature. Similarly the top of the Kirawin Formation is placed 

at the base of the first arenite to form a topographic feature. 

Both the lower and upper b~undaries are probably tilne transgressive, 

since in the Cavan area the Sugarloaf Creek Formation rests conformably on the 

Mountain Creek Volcanics and.the Kirawin Formation is absent. Presumably this 

area was outside the restricted marine environment in whj ch black mud was 

deposited. 
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Thickness 

(\ 

The thickneds of the- Kira win Formation in the Wee Jasper area is about 

1000 m. It thins to about 500 m in the Sawyers Creek valley and must rapidly 

thin to noth.:.ng eastward, since it is absent in the Cavan area. 

No direct fossil evidence for the age of the Kirawin Formation has been 

found. Since it lies conformably between the Mountain Creek Volcanics and the 

Sugarloaf Creek. Formation an Early Devonian age is assumed. 

Su5arloaf Creek Formation 

Nomenclature 

Edgell {1 949) used the name 'Sugarlonf Creek Tuff' for a thick sequence 

of what he considered to be tuff and rhyolite underlying the Devonian limestone 

at Wee Jasper. Joplin & others (1953) published this name, which Fedder & 
I 

others ( 1970) char1ged to Sugarloaf Creek F·Jrmation. Since we consider the unit 

to be entirely composed of lithic arenites ~ith no primary volcanic rocks 

present, we prefer the name Sugarloaf Creek Formation. 

Derivation of name 

The unit is named after Sugarloaf Creek, which flows into Burrinjuck 

Reservoir 6 km north of Wee Jasper. 

Type locality 

No type locality has previously been design&ted for the Sugarloaf Creek 

Formation. lve therefore designate the road-cutting on Yass Road, from the base 

of the unit at grid reference 545138 to the top of the unit at grid reference 

536133· This section gives good exposures typical of the formation in the 

western part of its outcrop. A representative section for the eastern area of 

outcrop is at a road-cut on Mountair1 Creek Road at grid reference 677177~ 
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Distribution 

The outcrop of the Sugarloaf Creek Formation closely follows that of 

the Kirawin Formation. It commences about 7 km south of Wee Jasper and . extends 

along the east bank of the Goodradigbee River to the northern edge of the map, 
I,. 

in a belt initially about 1 km wide but widening to 4 km north of Sugarloaf ' ' 

Creek. In the north the outcrop swings eastwards for several kilometres, and. 

occupies a broad belt extending into YASS, before narro1-;ing and turning south

southeast to form a prominent ridge parallel to and east of Saw;Y:ers Gully. East 

of Mountain Creek Road, the unit is cut off by the Dingo Dell Fau~.t, but it 

reappears around Cavan Bluff, where it crops out in several small fault

disrupted outcrops. 

Lithology 

The Sugarloaf Creek Formation is composed of two·contrasting 

lithologies, both of which are derived by the erosion of volcanic rocks. In 

the west, coarse, poorly sorted arenite predominates, whereas in'the east better 

sorted arenite, siltstone, and shale make up the unit. The lithologies appear 

to grade laterally into one another in the area of Narrangullen. The 

composition of the arenites also gradually changes from west to east: in the 

west all the debris appears to be derived from the ~!ountain Creek Volcanics, 

and quartz is virtually absent, whereas in the east there is an inc·reasing 

proporJ,.ion of quartz, much of which may be derived from the extensive Silurian 

volcanics to the east. 

The Sugarloaf Creek Formation west of Narrangullen is typically formed 

of' medium to coarse li thareni te which typically forms abundant, though 

invariably weathered, exposures. The arenite is in massive beds, usually from 1 

to 10m thick, which are often lenticular and may channel into underlying units. 

Within an individual bed sedimentary structures and graded bedding are absent. 

Thinner beds up to 1 m thick are not lenticular, at least over 30 to 50 m, and 

may have cross-bedding within them. 
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The lenticular beds are poorly sorted and composed of angular to 

su brounded grains from 0. 5 to 3 rnm in a fine matrix, which typically forms about 

40% of the rock. The grains are composed almost entirely of volcanic rock 

fragments, including flow-banded rhyolite and fine tuff, which may be correlated 

with rock types in the Mountain Creek Volcanics. Rare quartz grains are also 

present. XRD determinations on the matrix have revealed that it is mainly 

composed of illite and chlorite, with minor quartz nnd plagioclase. Cross

bedded arenites have a similar mineralogy but are better sorted, with much less 

clay matrix, and lack angular grains. 

In the top 30 to 40 m of the unit, coarse to medium-grained 

litharenites are replaced by fine-grained litharenite or siltstone in parallel

bedded units up to 0. 5 m thick, and with cross-bedding locally. These rocks are 

moderately well sorted, and have a greater quartz component, though lithic 

grains still predominate. 

East of Narrangullen the Sugarloaf Creek Formation is formed of 

interbedded arenite and siltstone in parallel bedded units up to 0.5 m thick; 

cross-bedding is evident in places. The ~renite is composed of moderately to 

well-rounded grains from 0.3 to 1.5 mm, and is mostly fairly well sorted; its 

clay component is less than that farther west. Volcanic rock fragments continue 

to be the main component, but quartz is more common and rare grains of potash 

feldspar are present. 

Farther east the proportion of quartz and feldsp8.r grains increases 

and the amount of rock fragments derived from the Mountain Creek Volcanics 

decreases, until, around Mounta::.n Creek Road, quartz forms over 50% of the 

grains, feldspar about 10%, and Mountain Creek Volcanic fragments about 15%. 

Other rock types apparent as grains include quartzite, siltstone, and shale 

fragments possibly derived from the Ordovician flysch; volcanic grains derived 

from the S.il urian acid volcanics; and rare composite graius of quartz and 

potash feldspar derived from a granite. 

The available rather limited evidence suggests that the change in 

composition of the arenites from east to west is a gradational one. Similarly 

there appears to be a g~adual lateral change from the massive lenticular 

arenites in the west to the thinner parallel-bedded arenites in the east. No 

massive lenticular arenites are known east of Narrangullen, and the change in 

facies appears to be accomplished by a gradual iccrease in the number of thinner 

parallel-bedded arenites irnmed ia tely ¥est of Narrangullen. 
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EnvL·onment of deJ20Di tio:q 

The massive lenticular, poorly sorted arenites in the west appear to 

have been d~posi ted by a series of mudflows in a suraerial enviJ:onment. They 

appear to be similar to mudflow deposits described elsewhere (Crandell, 1971; 

Walton, 1977); a mudflow mechanism appears to be the only depositional method 

which w<;mld result in a rock with such a :high clay content. Although mudflows 

appear to have been ·th~ main depositional process in the Wee Jasper area, normal 

fluviatile processes also led to the depo::3i tion of arenite, especially near the 

top of the formation. East of Narrangull,=n, mud flow deposition is not evident, 

and sedimentation appears to have been in1 a fluviatile environment. 

The available evidence suggests that much of the Sugarloaf Creek 

Formation was deposited, after volcanism'had ceased, in an alluvial fan 

<:lnvironment (Bull, 1964) on the sides of the nortil.ern stratovolcano formed by 
I , 

the Mountain Creek Volcanics~ In tb8 east of the area. however, other source I 

rocks besides the Mountain Creek Volcanibs contributed to form the arenites in 

the Sugarloaf Creek Formation, and the influence of the alluvial fans draining 

off the Mountain Creek Volcanics appears to have been minor. 

rrhickness 

The thickness of the Sugarloaf Creek Formation, ranges from about 1200 

m near Wee Jasper to about 200m near Cavan Bluff. 

Age and relations 

'fhe Sugarloaf Creek Formation conformably overlies the Kirawin 

Formation, and the Mountain Creek Volcanics near Cavan, where the Kirawin 

Formation is absent. The Cavan Limestone conformably overlies the Sugarloaf 

Creek Formati_on, the contact being gradationaL 

The Sugarloaf Creek Formation is apparently unfossiliferous, but, since 

the base of the Cavan Limestone is considered to be early Pragian, the Sugarloaf 

Creek Formation is considered to be latest Lochkovian to earliest Pragian. 
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MURRUMBIDGEE GROUP: 

Cavan Limestone, Ma,iurgong Formation.J and Taemas Limestone 

The Devonian limestones and associated sediments pf the Taemas and Wee 

.., . .,sper areas have long been famous; they were first recognised by Mitchell 

( 18.:.:9). Since then, a multi tude of d iffereP L names has been used for the 

variou.' units, but the nomenclature of Bruwne ( 1959) is the one which has gained 

acceptanL~ in the literature. Because of this wide acceptance of Browne's 

nomenclatur., we recommend that the theoretical priority of many earlier names 

be ignored. ,· full list of these is given by Pedder & others ( 1970) and need 

not be repeated 'l.ere, although the more important work is summarised below. 

Slissmilch (1914) introduced the name 'Murrumbidgee Beds' for the 

limestones of the art~; David (1932) changed the name to 'Murrumbidgee Series'. 

Subsequently Browne (1':.'?9) divided the 'Series' around Taemas and Cavan into 

the 'Cavan Stage', 'Maju1;ong Stage', and 'Taemas Stage' (in ascending order), 
,· 

and subdivided the Cavan a1.1 Taemas Stages into a number of units which may best 

be regarded as informal membc~s for nomenclatural purposes. Subsequent changes 

have included replacing the teJ."TT. 'Stage' with 'Forma~:L.on' or 'Limes'!;one', and 

renaming the Murrumbidgee Series the Murrumbidgee Group (Pedder & others, 

1970). 
The limestones in the Good. ·adigbee valley near Wee Jasper were called 

the 'Goodradigbee Group' by Joplin & others (1953), and the 'Goodradigbee 

:Limestone' by Best & others < 1 964). :b .. own ( 1 964) , fallowing the unpublished 

nomenclature of Edgell (1949), divided ·he sequence i~to the 'Lower Goodradigbee 

Limestone', 'Cookmundoon Shales' and 'Up1-er Goodradigbee Limestone'. Subsequ'ent 

work by Young (i969) and Pedder & others l1970) has clearly demonstrated that 

the three major subdivisions of Browne (1951) can be applied to the Wee Jasper 

area; we therefore use Browne's nomenclatur ~ for the Wee Jasper sequence' .. 

Cava.n Limes ton~ 

Browne ( 1959) gave the name 'Cavan Stag 3' to the lower limestone unit 

in the Murrumbidgee Group. Pedder & others (197( used both the names 'Cavan 

Formation' and 'Cavan Limestone'; we prefer the zame 'Cavan Limestone'" Both 

Best & others (1964) on the Canberra 1:250 000 geo.ogical map, and Cramsie & 
others (1975) on the YASS map, used the name 'Cavan Bluff Limestone'. However, 
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since Browne ( 1 959) used +.he name 'Bluff Limestone' for the middle part of her 

'Cavan Stage', the term 'Cavan Bluff Limestone' is potentially misleading and 

should not be used. 

No type section has formally been designated, although Browne stated 

that the unit crops out typically at Clear Hill, 1 km south-southeast of Cavan 

homestead. We therefore propose that the section on Clear Hill (grid ref. 

699231) directly underneath the power transmission line be designated the type 

locality; Offenburg (1974, p. 55) has tabulated a section at this locality. 

The contact with the underlying Sugarloaf Creek Formation'is 

gradational; we have placed the boundary at the first limestone bed. In the 

Cavan area, about 30m of thinly bedded impure limestone interbedded with brown 

and grey shale is overlain by 9 m of algal laminated limestone, followed by 42 m 

of massive to well-bedded limestone (the 'Bluff Limestone' of Browne). Above 

the massive to well-bedded limestone, a ~1rther 15 m of yellowish limestone with 

shale interbeds is followed by 7 m of massive limestone, which forms the top of 

the Cavan Limestone. 

The succession is similar in the Wee Jasper area, where, however shaJe 

forms a slightly greater proportion of the sequence. 

Fossils are common at many levels in the Cavan Limestone, and several 

corals described by Hill (1940) have their type locality on Clear Hill (grid 

ref. 699231). Corals are particularly numerous, and brachiopods and gastropods 

are also common. Bryozoans, bivalves, crinoids, trilobites, and fish' have also 

been found. 

The Cavan Limestone was deposited in sh~llow ~ater near the shore; 

mud-cracks, T'ipple marks, and algal laminations are co!llillon, and suggest -

perhaps surprisingly as the lithology appears to be so laterally consistent -

that a supratidal to shallow subtidal environment prevailed. 

The thickness of the unit is 103 m in the Cav.sn area and 155 m in the 

Wee Jasper area. 

Marjurgong Formation 

Browne (1959) gave the name, 'Majurgong Stage' to clastic sediments 

conformably overlying the 'Cavan Stage', but Fedder ( 1967) changed the name to 

Majurgong Formation. The unit iR name& after Majurgong trig station (grid ref. 

639291) in YASS. Cramsie, Pogson, & Baker (1978) have nominated a section i.5 

km north of Taemas homestead (YASS; from grid ref. 650284 to grid ref. 648283) 
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as the type section. A typical section in BRINDABELLA is expos0d in a road

cut on Yass Road between grid references 656231 and 659225. 

In the Cavan area the Majurgong Formation consists of mainly red and 

some grey shale, siltstone, and fine-grained sandstone. Rare coarse sandstone 

forms beds up to 2 m thick, and calca1·eous beds are locally present, especially 

near the contact with the underlying Cavan Limestone, where thin impersistent 

limestone beds make this contact gradational. Ripple marks, fine cross-bedding, 

and mud-cracks are common. Fossils are rare, being generally limited to 

Lingula and occasional calcareous beds rich in gastropods. The contact with 

the overlying Taemas Limestone is marked by the incoming of calcareous bands 

which become increasingly rich in the brachiopod S"Qinella yasse!!§is. 

A similar lithology :i.s present in the Wee Jasper area, although 

calcareous beds are apparently absent, and siltstone and fine sandstone are more 

prom in en t than in the type area • 

The a"Lenites are mainly quartz lithareni.tes containing an abundance 

of lithic grains. Many of these are apparently'derived from the Mountain Creek 

Volcanics, and the proportion of lithic fragments to : artz is greater in the 

Wee Jasper area than around Cavan, though quartz grains are always the main 

component. 

The thickness of the Majurgong Fot~ation varies. Browne (1959) quoted 

a thickness of 123 m, but did not state where this was measured. In the type 

section, Offenburg (1974) quoted a thiclmess of 115m, and stated that it thins 

to about 60 m farther north and even less to the south. This rather marked 

thinning southwards into BRINDABELLA may be largely tectonic in origin, since 

the incompetent r-!ajurgong lt,ormation is situated between two competent but 

strongly folded limestone units. Pedder & others (1970) gave a thickness of 

210-215 m for the r~ajurgong Formation in the Wee Jasper are~, but it is obvious 

from the work of Young (1969) that they included the lowe~t member of the Taemas 

Limestone witl:-.in the unit, whose J.•eal thickness in this area is about 120m. 

The range of sedimentary structures within the Majurgong Formation 

suggests that it was deposited mainly in shallow water which may have been 

brackish rather than marine. An estuarine environment is therefore suggested 

for the Ma,j urgong Formation. 

Taemas Limestone 

David (1950) introduced the name 'Taemas Series' for what is now known 

as the Murrumbidgee Group. Browne (1959) restricted the name to the upper 

limestone sequence, and modified it to the 'Taemas Stage', which she subdivided 
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into seven members. Tnese are, in ascending order, the 'S'Qi rifer yassensis 

Limestone' , 'Curra.jong Limestone' , 'Bloomfield Limestone' , 'Rece'Qtaculi t£.§_ 

Limestone' , 'Warroo Limestone: , 'Crinoidal Limestone', and an unnamed uppermost 

unit of t;uff and shale. Browne's choice of names is unfortunate: only two, 

Blonmfield and Warroo, are permissible as names for members under the Austral:lan 

Code of Stratigraphic Nomenclature. However, the widespread and entrenched 

usage o:f all the names means that to abandon or change them now would cause 

unnecessary confusion. They may perhaps be regarded as informal subdivisions 

of the Taemas Limestone. 

Cramsie & others ( 1978) have proposed a flection in YASS at Duffys Point 

(grid ref. 634314 to 651324) as the type secti~~. 

The lower four subdivisions of Br0wne (1g59) are exposed in BRINDABELLA 

near Cavan, but in the Wee Jasper area, where the whole of the unit is present, 

only the lower three subdivisions can be recognised; the 'Bloomfield Limestone' 

is succeeded by a different facies. 

'rhe 'Spirifer yassensis I.imestone' consists of poorly expo.sed thin 

ir.terbeds of pure limestone, shaly limestone, and yellow-brown shal8, which are 

commonly richly fossiliferous; the brachiopod S'Qinella ESSe::-tsis is 

characteristic of the lower part. The 'Spirifer yassensis Limestone' rests 

conformably on the Ifujurgong Formation~ the contact being gradationc.l over 

several tens of metres, and is overlain conformably though rather more abruptly 

by the 'Currajong Limestone'. 

The 'Currajong Limestone' is a well-exposed massive to well-bedded 

fine-grained limestone. In contrast to the underlyir~ member, terrigenous 

material is virtually absent. Fossils are common and at some locali tie3 are 

partly silicified. ~1e 'Bloomfield Limestone', which confonnably overlies the 

'Curr,ajong Limes tone' , marks a return to a similar facieG to the 'S'Qi rifer 

yassensis Lirnestone'; it comprises thin-bedded flaggy limestone and mudstone, 

and beds of more massive limestone. 

The three lower subdivisions of the Taemas Limestone, described above, 

are remarkably similar between Taemas and Wee Jasper; however, the next 

limestone subdivision in the sequence - the 'Rece'Qta.culi tes Limestone' , which 

is the youngest one in BRINDABELLA near Taemas - cannot be identified in the 

Wee Jasper area. The 'Rece2taculites Limestone' is a mas~ive to well-bedded 

limestone, often fossiliferous 1 with ~idespread silicification of many fossils; 

terrigenous sediment is almost completely lacking. 
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In the 1/lee Jasper area a thick sequence of biostromal limestone is 

developed above the 'Bluomfie ld Limestone' (Young, 1969). Most of this sequence~ 

comprises massive to well-Ledded biosparite or biomicrite in which biostromes ·' 

have developed at many levels. In the uppennost part.of the sequence, mudstone 

and shaly limestone predominate near the contact with the overlying Hatchery., 

Creek Conglomerate., 

No.detailed analysis of the depositional environment of the Taemas 

Limestone hao yet been ~~blished, but the richly fossiliferous nature- of the 
I 

unit, in which corals and,' brach:.opods are J)artictilarly abunda11t; indicate:::~ a 

shallow-marine environment. However, the unit acc';lmul~ted in water deeper than1 
I 

that in which the Cavan Limestone was deposited, sinr.e algal laminations and 

mud-cracks which are· characteristic. of the Cavan Limesto1;.e are largely absent 1 

in the Taemas Limestone. I 

Browne· ( 1 959) estimated the thickness of the Taemas ·Limestone. in the · 
i 
I 

Taemas area as 840 ·1.1, and Young- ( 1969) })laced the thickness at 970 m in · tli'e, Wee 1

1 

Jasper area. 

Age of the Murrumbidgee Group · , 

The richly .f~ssiliferous limestones· of the Murrumbidgee Group 'have been 

8xtensi vely studied in the past, but much still, remains to be documented. The 

early work of de Koninck (1876) and Hill (1940) suggested a M-iddle Devonian age~. 

'l1he most recent discussion of the age of the group is by Chatterton ( ,1973),. who', 
. ' 

primarily from a study of brachiopods and trilobites from the Taemas Limestone, 

concluded that the base of the group is no. older than early Emsian and that the 

top is most likely of late Emsian or possibly earliest Eifelian in age. This 

is essentially in agreement with Fedder & others ( 1. 970) who stated that the 

group ranges from the early Pragian to late Zlichovian in age. 

Hatchery Creek Conglom~rate 

The occurrence of a red- bed sequence of presumed Devonian age in the 

Wee Jasper area was first reported by Edgell (1949). He described a succession 

of conglomerate, sandstone, red siltstone and shale, and grey shale, and 

interpreted it as a terrestrial sequence. He deduceu a Devonian age for these 

rocks from their position above limestone to which he assigned an Early to 

Middle Devonian age, and from his mistaken interpretation that they are intruded 
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by a granite (\the Burrinjuck Adamr:~lli te) to \rhich he wrongly assigned a 

Carboniferous .l:tge. He applied two names to the seq_uence in his unpublished. 

work; he; divilied it into a lower part dom:i..nated by conglomerate, and an upper 

part of mainly red siltstone and some grey· siltstone. His names hFtve never been 

published, and, as we do not use his divisions, they remain so. 

· Joplif & others ( 1953) named the seq_uence the Hatchery Cre.ek 

Conglomerate, l'hich has been used by later authors; yet the unit remained unde

fined and onlyfpoorly described. Subseq_uent workers have paid little more 

attention to ilt, except to 5\Uf,gest a correlation with the Hervey Group farther 

north (Fedder ;f 1967; Packham 1969, p. 149; Fedder & others, 1970). 

. None }or these authors reported fossils from the Hatchery Creek 

Conglomerate, rxcept for unidentifiable wood fragments; .their suggestions of 

the age of the~ unit were Late l'evonian by lithological co'rrelaticm with the 

Hervey Group. f ·• 

~ 

' 
Derivation of {arne 

~ 
The na\'le Ha t.:hery Creek Conglomerate is derived from Hatchery Creek, 

which flows intc.; Burrinjuck Reservoir near Burrinjuck Dam (grid ref. 460247). 

Type section 

~ 
No type~ section for the formation has previously been nomina ted. Si,nce 

the exposures ar·i scattered in Hatchery Creek, which is relatively inacces_sible, 

we nom~nate the ~ection along the Cave Creek road from grid.reference 506173 

to 491·172 as the type sAction for the Hatchery Creek Conglomerc1te (Fige M28). 

About 1200 :n of !onglomerate, sandstone, and siltstone typical of.the lower part. 

of the formation crop out here in almost continuous exposure. 

Distribution 

2 
The Hat<!hery -'~reek Conglomerate crops out over about ·65 km in 

BRINDABET_,LA; 
2 

about 1 km 

2 
a ·:urther 4 km 

cropn out in YASS. 

are covered by t.h.in Tertiary basalt flows, and 

The formation occupiPs a roughly semicircular 

area west of the Goodradigbee River near Wee Jasper; its outcrop has a north

south length of about 16 km and a maximum width of 7 km. 
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Lithology: 

I 
I 

The lower part of the Hatchery Creek Conglomerate comprises numerous 
I 

sedimentary cycles. ]'rom the top a complete cycle j!s: 

red silty unit with rouni· whit:i.sh mottles - contains root casts whi~h bifurate 
i 

downwards; in upper part,· extensively bio:turbated, bedding in places 

destroyed., end colour bleached around numerous root casts; wood tissue 

rare 

reddish purple sandstone- thin...:bedded and usually flat-bedded; localforeset 
. . 0 

cross- bedding in which fqresets dip at about 20 and app,ear to 

flatten out towards basal contact 

reddish brown basal conglomerate - subrounded to rounded pebbles and cobbles 

of quartzite, quartz, chert, rhyolite,·and minor granitic rock; clay 

casts arid pellets; . fines upwards into overlying unit; in scoured

contact with.top of preceding cycle 

The top beds of many cycles are truncated by ero:don, which preceded the next 

cycle, to the extent that in places one conglomerate bed rests on another of a 

preceding cycle. Cycles range in thickness from 1 m to as much as 20 m, o.nd 

individual cycles, as defined by conglomerate beds, rarely extend more than 1 km 

laterally. 

About 1500 m above the base of the Hatchery Creek Congglomera'te, the 

conglomerate portion of each cycle becomes less important - it contains smaller 

pebbles, and in places is absent. The sequence becomes dondnated by fine .buff 

sandstone and red siltstone with root casts. Within this part of the sequence, 

units of grey sandstone and grey to black mudstone recur at least three times; 

each unit, which is not more than 30m thick and is of limited lateral extent, 
" 

comprises several cycles, of which the sequence is: 

black to dark grey massive mudstone - up to 2 m thick; vascular plant remains -

stems up to 10 em long and possible leaf impressions - and rare fish 

remains at the base; in upper part, grey-white limestone nodules, some 

of whh;h contain dlsartic11lated microscopic fish plates ( R. S. Nicoll, 

BMR, personal communication 1977); mud-cracks on upper bedding 

surTaces 
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fine to medium-grained sandstone- thin; contains small pebbles; fish.and 

plant remains showip.g little evidence of abrasion in one of the cycles; 

fish plates are disarticulated, and do not appear to lie parallel to 

bedding, suggesting sand stone forms one bed 

pebbly medium grey coarse sandston~ -. thin; pebbles. small, suba~ular to 

subrounded 

This sequence of mainly buff sandstone and red siltstone cycles with 

few conglomerate beds is about 1100 m thick, and is succeeded by another series 
1: ' 

of cycles which contain a basal conglomerate similar to that in the lower part 

of the Hatchery·CreekConglomerate. About 300m of this upper series of cycles 

is exposed, but its top is faulted out by a major·reverse fault with a throw 

of several thousand metres. 

Environment of deposition 

The lower part of the Hatchery Creek Conglomerate contains features 

similar to those of meandering stream deposits {Allen, 1965; Visher, 1965). 

The coarse bas~l beds probably indicate a high-energy environment and a steep 

gradient. The extensive development of soil profiles indicates areas that were 

quiescent for long periods of time before later deposition. Vegetation 

developed on these areas and extensively churned the sediments. The red colour 

of non-marine sediments is generally conceded to indicate deposition in desert

like climates with infrequent flooding. 

The upwards transition into finer-grained cycles represents a change 

to a lower-energy environment, with a shallower gradient. It presumably 

indicates that the source area was becoming subdued in relief~ and that the 

piedmont slope on which the sediments were deposited was becoming more 

aggraded. 

Withj_n this sequence of fi!ler cycles the grey to black sediments, which 

at least locally contain fish remains, are thought to represent short-lived 

episodes of lacustrine deposition. Features that support (,this hypothesis are 

the lack of basal scour, minor basal conglomerates, and the thick black 

mudstones, The mudstone may represent a quiet stage when no coarse material 

was deposited, and zones containing calcareous concretions indicate some 

development of soil profiles on the dried-out lake. The unworn fish plates, 
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the unbroken plant remains, and unworn quartz grains in the basal pebbly 

sandstone indicate little transport of bed load, so the sediments may rep~esent 

sheet deposition of the traction load in the earliest stages of decreasing high

energy flow; the black mudstone representA deposits from suspension during 

falling-flow stages. Ripples and sand laminae are not evident, perhaps because 

the exposures are highly weathered. Mud-cracks on the tops of some beds 

indicate periods of desiccation. We con~ider ~hat these lacustrine sediments 

represent deposition in shaliow lake3 of limit9d lateral extent, into which 

periodic floods brought coarser material. The basin in which the lakes formed 

may have originated by either wind ablation or by the d~unmin(• of a shallow 

valley by the alluvial fan of a tributary stream. 

A return to coarse conglomeratic cycles higher in the sequence 

indicates the return of a high-energy environment, possibly owing to renewed 

uplift in the source area. 

Thickness 

(. 

The total preserved thickness of the Hatchery Creek Conglomerate is 

estimated to be 2900 m, but since the western boundary is a major fault this 

is a minimum value. 

Previous vrorkers have inferred a Late Devonian age for the Hatchery 

Creek Conglomerate, by litho logical correlation. 'with the Hervey G:rvup farther 

north in New South Walt7S (Fedder, 1967; Packha.(it, 1969; Fedder & others, 1970). 

Before our work the only fossils known from the unit were unidentified wooJ 

fragments, and a fish plate from an unknown locality mentioned by Hills (1958). 

During our mapping of the unit, calcareous nodules from one of the grey 

mudstones in the middle of the formation were .Gollected for possible conodont 

extraction. Although no conodonts were found,'microscopic fish plates were 

observed. Macroscopic fish remains subsequently collected at the same locality 

have been described by Young & Gorter (in prep.), who have concluded that the 

association of thelodontid agnathans, phlyctaeniid euarthrodires, pterichthyodid 

antiarchs, and osteolepidid rhipidistians suggests an Eifelian (early Middle 

Devonian) age. 
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Relations 

Pedder & others ( 1970), who fl.ssigned a Late Devonian a0e to ~he 

Hatchery Creek Conglomerate, suggested that it overlies the Taenias Limes tone 

(of latest Early Devonian age) disconformably, since there is no structural· 

discontinuity between the two. 

The recent evidence from fish fossils suggests an early Middle Devonian 

age, indicating that a disconformi ty - if present - represents a sl1ort time 

duration. The work, of Young (1969) supports the presence of a disconformity, 

since he was able to demonstrate. that the thickness of the uppermost unit of the· 

Taemas Limestone varies by up to 130 m, which he suggests is due to erosion. 

The available evidence therefore suggests that the Taemas Limestone passes 

disconformably up.into the Hatchery Creek Conglomerate. 
' The upper part of the Hatchery Creek Conglomerate is in faulted-contact 

with the Burrinjuck Adamellite and Goobarragandra Volcanics, and Tertiary basalt 

lava flows unconformably overlie the formation. 

CAINOZOIC SEDIMENTS AND VOLCANIC ROCKS 

Tertiary sediments 

Sediments of known or possible Tertiary age crop out at three places 

in TANTANGARA and one i.n BRINDABELLA: Miocene sub-basaltic sediments on 

Bullock Hill; ferruginous gravels of presumed Tertiary age on Cooleman Plain; 

extensive gravels and sub-basaltic Tertiary sediments in the Yaouk/Shannons Flat 

area; and gravel and sand on Goodradigbee Hill, northwest of Wee Jasper. 

Bullock Hill 

The Bullock Hill sediments are part of much more extensive deposits to 

the west, outside TANTANGARA, which have been described by Andrews (1901), and 

Gill & Sharp ( 1957). The only major deposits in the mapped a.rea are at the Six 

Mile (or Gooandr.a) diggings (grid ref. 363355) at the southern end of the 

Bullock Hill basalts. These were briefly mentioned by Andrews (1901, p. 19, 

26), who noted their resemblance to the New Chum Hill deposits at Kiandra. He 

presented a cross-section of the deposits - showing a basal bed of about 5 m 

of auriferous gravel and coarse sand, followed by about 1 to 2 m of clay, then 
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about 4 m of lignite, and possibly 25 m of sand, sandy gravel, clay, and lignite 

forming the upper unit. At the present day, little may be seen of the sediments 

as float and t.:,l us from the overlying basalt obscures them on natural 

hill:::Jlopes, and vegetation regrowth or spoil from the diggings obscures them 

in the workings. 

Gill & Sharp (1957, p. 26) gave an age for the sediments, based on work 

by Cookson (various papers from 1945 to 1954) on the microflora, of late Eocene 

or possibly early Oligocene. Earlier, Andrews ( 1901) had .assumed a Miocene age, 

although firm evidence w~s lacking at that time. However, Wellman (1971) has 

dated the basalts at Kiandra as 1& to·22 m.y. (~arly Miocene). Owen (1975) has 

been able to confirm an Ear:!.y Miocene ~ge for the sediments, after re-examining 

the micro flora in the sediments at NE:w .';hum Hill, Kiandra. 

Cooleman Plain 

The gravels on Cooleman Plain occur as thin patches overlying 

limestone, and are commonly formed of limonite, or h'ema ti te pebbles cemented 

by limonite. At some localities, such as near Blue Waterhole Saddle (grid ref. 

520536), the grBvels are relatively uncemented, whereas at other localities 

(e.g., grid ref. 519547) cementation of limonite petoles by limonite is 

complete. Some of these massive limonite outcrops have developed gossanous 

weathered surfaces, and their origin is uncertain: they may be derived from 

cemented ferrugin0us gravels, or be true gossans. A puzzling feature of these 

deposits is that they apparently overlie only limestone. 

Small patches of stream gravel are also preserved in the area, on the 

interfluves between valleys. They appear to be moderately well sorted, are well 

rounded, and are formed of vein quartz and locally derived igneous rocks. 

The age of the deposits on Cooleman Plain is uncertain. From the 

presence of stream gravels on the interfluves of valleys, they appear to be 

associated with the planation surface on tre limestone. Stevens (1958b) 

considered this surface to be Devonian in age, but Jennings (1971) has argued 

for a Late Tertiary aee. A Miocene age is suggested for the Cooleman gravels. 

Yaouk/Shannons Flat 

Extensive areas around Yaouk and Shannons Flat are underlain by 

Tertiary sediments, which are divided into two groups for the purpose of des-
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cription: silicified and ferruginised gravels and sandstones apparently 

associated with the Tertiary bas.~,l ts in the south and southeast of the area; 

and gravel, sand, and clay forming high-level river terraces in the Murrumbidgee 

River valley. 

Silicified and ferruginised sand and gravel (silcrete and ferricrete 

respectively) are common in the Shannons Flat area. They correspond to the 

'greybilly' of Browne (1973), who has described many of the deposits both in 

the Shannons Flat/Adaminaby area and in much of the remainder of eastern New 

South Wales. 

Major outcrops of silcrete are at Adamina by (grid ref. 59:::Z1 63), Jones 

Plain (grid ref. 738157), north of Bolaro (grid ref. 666186), and on the 

Callemondah road (grid ref. 796197). The Callemondah silcrete is on top of a 

low ridge and is a hard white rock composed of coarse g~ave~ to coarse sand 

cemented by silica. Its pebbles are well rounded, generally composed of vein 

quartz, and poorly sorted. It is crudely bedded in places, and its total 

thi0kness is about 5 m. Below it, 5 to 10 m of poorly exposed fine white sand 

and clay, rest on Ordovician slate. 

The outcrop of silicified sandstone at Jones Plain is similar to that 
I 

at Callemondah except that it is much finer-grained, most of the deposit being·. 

fine to medium sand with some coarse. The rock is well sorted, and cementation 

by silica is complete, leaving no pore space. Outcrops north of Bolaro and 

north of Adaminaby are similar in appearance to the Jones Plain occurrence. 

Ferruginised sand and gravel, in places cemented to ferricrete, are 

also common in the area. The main outcrop is on a basalt-topped hill north of 

the junction of the Shannons Flat/Cooma road and the Callemondah road (grid ref. 

787183). The sediments underlie basalt, rest on leached Ordovician slate, and 

increase in thickness southward from about 30 m to about 45 m. They comprise 

interbedded slightly lithified coarse sand and fine gravel increasingly strongly 

cemented by limonite towards the base of the overlying basalt. .At this 

locality, fine-grained sediments are lacking, but at Jores Plain (grid ref. 

749159) a silt ccntaining plant fragments has been completely cemented by 

limonite. 

Several theories for the origin of the silcretes of New South Wales 

have been suggested, and have been summarised by Browne (1973). These usually 

claim a genetic relation between the silc-rete and the overlying basalt. 

Theories proposed include that the basalt metffillorphosed the underlying 

sediments; that silica released from the weathering of basalt was redeposited 
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in the underlying sediments; and that basalt acted as a caprock to restrict the, 

circulation of grcwndwater in the underlying sediments. Taylor & Smith (1975) 

have discussed the origin of silcretes south of '.PANTANGARA, and have presented 

the first detailed account of sub-basaltic silcretes. They showed that the 

cementing silica could not have been derived from the overlying basalt, and 

suggested that the basalt merely acted as a caprock enabling pore water to 

migrate slowly through the sediment, dissolving and reprecipitating quartz. 

Taylor & Smith did not extend their work to include ferricrete, whose 

origin still remains a problem; presumably it is derived by a similar process 

of solution and reprecipi tation by pore water, but of iron oxides rather t'r:1an 

silica. However, since basalts are rt.?lati vely rich in iron, the cement of the 

ferricrete may have been derived from the weathering of basalt. Geochemical 

work on the ferricrete is needed to resolve this problem. 

The age of these deposits is assumed to be the same as that of the 

overlying basalts - that is, late Miocene. 

Clay, sand, and gravel forming extensive river terraces above the 

Murrumbidgee River in the Yaouk area are unrelated to the sub-basaltic sediments 

farther east. Several terrace levels are present. The highest (&t grid ref. 

623300) is represented between Swamp Cref!k and Dog Plain Creek (grid ref. 

625291) by a highly dissected gravel-covered surface about 75 m above the 

present level of the Murrumbidgee River. A second terrace, 60 m above the 

river and also highly dissected, is present around Stuartfield homestead, and a 

third at 50 m is present north of Swamp Creek. The most extensive terrace is at 

the 40-m level, aad covers a large area north and west of the Murrumbidgee River 

at Yaouk. This level is almost completely undissected b~r the streams which 

drain it. Further minor terraces are present at various heights up to 10 m 

above river level. 

All the terraces consist of generally unknown thicknesses of gravel, 

sand, and clay. The gravels are mostly poorly sorted, though well rounded, and 

some contain boulders up to 50 ern across. The composition of the boulders 

appears to remain constant on all terraces, though no quanti tai;ive analysis. has 

been done. Gr~nite and vein quartz predominate, and quartzite, slate, 

sands'tone, and rare acid porphyry rocks are also present. All the rock types 

may be correlated with lithologies in the upstream drainage area of the 

Murrumbidgee River. 
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The only sections through the sedirr,ents are roa i-cu ttings at grid 

references 618327 and 633340. Both show a series 0f int~rbedded gravels and 

sands partly cemented by limonite, in beds 0.5 to 2 m thick. At grid reference 

618327 a white silty clay is about 20 em thick. 

The ~urrumbidgee valley near Yaouk has obviouslr had a complex history, 

the details of which are not known. Even the ages of th~ various terraces are 

unknown, though the higher levels are probably of Late T~rtiary age, whereas 

the extensive 40-m terrace is probably Pleistocene, as t1e streams which drain 

it have barely begun to dissect it; the lower terraces ire probably late 

Pleistocene and Holocene. 

Goodradigbee Hill 

The only known occurrence of Tertiary sediment 1 in BRI'N'DABELLA is a 

small area of sub-basaltic gravel and sand less than 10 m thick underlying 

basalt on Goodradigbee Hill (grid red. 475160). 

Tertiary basalt 

Tertiary basalt is present in two areas in TA NT ANGARA. One ;)f them, 

around Kiandra, forms a discontinuous zone extenQing jrom Tabletop Mountain in 

the southwest along the western edge of the Sheet are1. as far north as 

Peppercorn Hill, together with isolated small outcrop l in the northvTest. The 

other is in the Alum Creek valley around Shannons Flet~ 

In BRINDABELLA, basalt is extensive in the J.orthwest quadrant as a 

series of disconnected outcrops extending from just 1orth of Brindabella Road 

to the northwestP.rn corner of the Sheet a:rea. A smt 11 outcrop in the southwest 

corne-r of the s· .eet area extends into TANTANGARA. 

The Tertiary basalts of the Kiandra area cccur as a series of 

disconnected outcrops forming small summit plateau·= and ridges. The main 

outcrops are on Dunns Hill (southwest of Kiandra), Bullock Hill, and Peppercorn 

Hill- The basalts on Dunns Hill, Bullock Hill, a·1d New Chum Hill (just west 

of the map area) were once part of the same flow system (Gill & Sharp, 1957; 

Moye & others, 1963; Mackenzie, 1968)~ now dissacted by erosion. The relation 

of the Peppercorn Hill basalt to these Kiandra · Jasal ts is not known. 
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The basalts are poorly exposed in all areas, but boulders of basalt 

are common as downslope float. Individual flows are impossible to identify in 

the field, although drilling by SMHA at Eight Mile diggings, between Kiandra 

and Cabramurra (YARRANGOBILLY), has revealed at least four flows. The basalts 

range in thiclmess from 100 m on New Chum Hill to about 20 m on Bullock Hill. 

Mackenzie & White (1970) have discussed in detail the petrography and 

geochemistry of the basalts. Two analyses given in Appendix 2 (Table A19) are 

similar to theirs. The main rock type is a black fine-grained basalt w.i. th 

common olivine, rare titanaugite phenocrysts, and rare zeolite-filled vesicles. 

The groundmass is composed of small cal-::!ic plagioclase laths, subhedral to 

euhedral pyroxene, magnetite, rare nepheline and analcime, and interstitial 

sadie feldspar. The rock types ~ange from alkali basalt to basanite. 

Gill & Sharp ( 1957) considered the basalts nt Kiandra to be late 

Eocene or Oligocene, but K-Ar dating by Wellman & McDougall (1974) has given 

an age of 18 to 22 m.y. (early Miocene). K-Ar dating on whole-rock samples by 

AMDEL for BMR has yielded an age of 23.2 + O.S m.y. for the basalt at Peppercorn 

Hill. 

The eruptive source of the Peppercorn Hill b~.sal t is unknown, but the 

Kiandra basalts are thought to have originated f-r.-om Table top Mountain (Gill & 

Sharp, 1957; Moye & others, 1963), where jointing is ~videspread - though 

irregular in direction - and tuff and·. breccia are absent. If this is so, then 

Tabletop Mountain (Fig. M29) is a volcanic plug of massive olivine basalt 

occupying an area of about 700 m by 400 m. This interpretation is supported by 

the presence of a large aeromagnetic anomaly over the mountain, a feature absent 

over recognised basalt flows. 

Basalt is fairly common in the Shannons Flat area, the largest outcrop 

being on an unnamed hill at grid reference 723260, at an altitude of 1400 m. 

Other outcrops are at grid reference 767260 (altitude 1325 m), on a ridge 

between grid references 763218 and 77?.209 (altitude 1100 m), and centred on grid 

reference 786194 (altitude 1100 m). The present altitude~ of ·e basalts 
'.\ 

indicate that they flowed from the northwest; the large q~most circular area 

of basalt at grid reference 723260 may have been the source of the flow. Again 

there is a strong aeromagnetic anomaly over this body, suggesting that it is. 

a volcanic plug. 

The basalts in the Shannons Flat area ?re similar petrographically to 

those near Kiandra, except that nepheline appears to be ab,3ent. Rare subrounded 

phenocrysts of plagioclase and titanaugite up to 1 mm diameter, and abundant 
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Fig. M29. Tabletop Mountain - a Tertiary basalt vent - viewed from 
Four !Hle Hill. 

.. (GA/6370) 
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euhedral to subhedral phenocrysts of olivine up tv 0. 8 mm diameter, lie in a 

~:::oundmass of poorly aligned subhedral plagioclase laths up to 0.2 : 0.1 rnm, 

interstitial opaque minerals, ti tanat1gi te, and pale brown devi trified glass. 

A few quartz xenocrysts up to 3 mm diameter t.n·e present and are surrounded by 

reaction rims of euhedral augite with narrow mergins of pale blue-green 

amphibole. 

The geographic location of the basalt at Shannons Flat suggests that 

it might be related to basalts around Cooma, which are part of the Monaro 

Province of Wellman & McDougall (1974). T~e nearest dated basalt in this 

province - one from 35 krn southwest of Shannons Flat and 9 km sou the as t of 

Eucumbene Darn - gave a late Eocene age of )6 m.y. (vlellman & McDougall, 1974). 

However, three samples from Shannons Flat dated for BMR by AM DEL gave .9.ges of 

15.2! 0.3, 18.0! 0.4, and 18.2! 0.3 m.y. (late Miocene), significantly 

younger than any sample dated by Wellman & McDougall from the Cooma area. The 

Shannons Flat basalt, then, may be part of Wellman & McDougall's (1974) late 

Miocene Snowy Province, from which it is geographically iecla t8d. 

The basalts in northwest BRINDABELLA form a discontinuous series of 

outcrops which gradually decrease in altituci from south to north. The 
2 

southernmost outcrop covers about 9 km either side of Nottingham Road at grid 

reference 458963, at an altitude of over 1000 m. Part of this body is probably 

a plug and the source of the flows farther north, since it reflects an intense 

aeromagnetic anomaly. Several small outcrops of basalt at an elevation of 860 

to 900 m are present south of Yass Road around grid reference 395110, and basalt 

crops out more extensively at an elevation of 700 to 750 m - north of this road 

- in the ·:alley of Macphersons Swamp Creek and around Goodradigbee Hill. 

Farther north still a large outcrop of basalt around Hilltop (grid ref. 421203) 

ranges in altitude from 800 m at its southern end to 700 m at its northern end, 

over 6 km away. The base of the flows, therefore, gradually decreases in 

altitude from the probable source area in the south to the northern outcrops, 

30 km away. Only one source area can be postulated, since none of the flous 

north of the Nottingham Road outcrop has an aeromagnetic anomaly associated with 

it. 

~he petrography of these basalts is similar to those around Kiandra. 

Common olivine and rarer titanaugite phenocrysts are set in a groundmass of 

calcic plagioclase laths, pyroxene, magnetite, rare nepheline and analcime, and 

interstitial sodic feldspar. Wass & Irving (1976) have reported varions 
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xenoliths from this area; they inc}ude wehrlite, chrome-diopsicle-bearing 

lherzolite, and megacrysts of anorthoclase, spinel, and clinopyroxene. The 

basal flow in the Macphersons Swamp Creek valley at grid reference 44214-6 is 

a nephelini te with phenocrysts of zoned clinopyroxene in a nepheline-rich 

groundmass; carbonate-filled vesicles are abundant, and xerJliths of 

clinopyroxeni te and megacrysts' of ti tanomagneti te, anorthoclase, kaerauti te, 

and clinopyroxene· are also present. 

Wellman & McDougall (1974) dated· a basalt from the M.<:tcpl:ersons Swamp 

Creek e..rea as 2).9.:!:. 0.5 m.y.,~. in close agreement with ages fart;her.south near 

Kiandra. They accordingly included these basalts in their Snowy Province. 

Holocene alluvium 

Small deposits of alluvium 
2 

many' covering less than 100 m are 

present along most of the streams. More rarely, extensive deposits of alluvium 

have accumulated, particularly along the Murrumbidgee River at the northern end 

.of Long Plain, •.rantangg,ra Dam, Ya.ouk, ~ol~:tro ~ and between Uriarra Crossing and 

Burrinjuck Reservoir. Other rivers which have formed large alluvial deposits· 

include the Eucumbene River at Providen~e Portal (now covered by Lake 

Eucumbene); Nungar Creek, particularly on Nungar Plain; Gurrangorambla Creek 

on Currango Plain; Yaouk Creek at Yaouk; Little River at Adaminaby; the 

Goodradigqee River at Brindabella and Wee Jasper; Micalong Creek at Micalong 

Swamp; Tumorrama Creek at Tumorrama Swmnp; and Macphersons Swamp Creek where 

it flow3 into Burrinjuck Reservoir. 

Exploration work for gravel by S~1HA in many places in TANTANGARA has 

revealed that •· the alluvium invariably consists of several metres of coarse 

unsorted gravel resting, on. bedrock and overlain by a surface mantle of organic- · 

rich silt up to 1 m thick. Up to 5 m of gravel was proved by SMHA at Providence 

Flat on the Eucembene River, . and a similar thickness was :.:!onsidered to be 

present near Tantangara Dam. Most of the othe!" accumulations of alluvium are 

probably similar, though the Micalong and Tumorrama Swamps appear to have 

several metres of organic-rich silt with little gravel. r, ,. 

The alluvial gravels on the Murrumbidgee River are presently being 

worked at two locali.ties in BRINDABELLA (At grid refs. 794988 and 773110), and 

are intermittently worked in TANTANGARA near Bolaro (grid r-ef. 666162). 

-·,./ 
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