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i Frontispiece

An auriferous quartz vein stands above a plain underlain
by schists of the Weatherly Creek Quartzite near the Gilded
Rose gold mine, approximately 9 miles ESE of Cloncurry

(GA/2524) .,
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SUMMARY

This report describes a detailed geological survey of the
Precambrian rocks within the Cloncurry 1:100,000 Sheet area, Cloncurry
District, northwestern Queensland. The principal stratigraphic unit
cropping out in the area is the Soldiers Cap Formation, which comprises.
a lower member consisting of meta-greywacke schists and pelitic schists,
an intermediate member consisting of quartzites, pelitic meta-sediments
and meta-basalts, and an upper member consisting of meta-basalts with
chert intercalations. These units are respectively comparable with
the Alpine flysch facies, the stable shelf orthoquartzite facies, and
the eugeosynclinal volcanic facies. The Soldiers Cap Formation was
isoclinally folded on north-south-trending axes, and metamorphosed
within the middle greenschist-lower amphibolite facies range. These
events were followed by the elevation, denudation, and resubmergence
of the area. During the resubmergence, carbonates of the Corella
Formation were deposited and were in turn capped by the cross-bedded
sandstones of the Roxmere Quartzite. The deposition of these sediments
was followed by the intrusion of granites, which may have caused the
large-scale cross~folding of the Soldiers Cap Formation, and the
associated deformation and brecciation of the Corella Formation. The
low pressure regional metamorphism displayed by the Corella Formation
is probably later than the metamorphism exhibited by the Soldiers Cap
Formatiohﬂ The emplacement of the granites was accompanied by the
release of ore~bearing solutions, which deposited the copper and gold
occurring at low to intermediate strafigraphic levels of the volcanic
sequence of the Soldiers Cap Formation. In adaition to their strati-
grgpﬁic control, the ore deposits tend to occur as fault infillings and
in fold axial zones. A compilation of copper and gold producfion data

for individual mines in the-Cloncurry 1:100,C00 Sheet area is presented

.....

- in this report.




I. INTRODUCTION

Aims and methods of the survey

This report is conoernea w1bh the results of . a geologlcal survey
of the Cloncurry 1:100, 000 Sheet area (Australla 1:100, 000 Serles, map no.,
7056), which was carrled out as a part of a Bureau of Mlneral Resources—
Geologlcal Survey of Queensland detalled mapplng project of the
Cloncurry-Mbunt Isa region, noruhwestern Queensland. The fleld traverses
on which +h:Ls report is based were conducted. between May end August, 1968.
The Soldiers ‘ ap Formatlon and outilers of the Corella Formatlon were
mapped by A. Y Glikson (BMR), the area west of ‘the western branch of
Snake Creek Wi mapped by G.M. Derrick (BMB), and a small area about 6 km.
east of Soldiers Cap was mapped by I. Wilson (GSQ) " The aims of the
survey ‘were to produce a detailed geological map of the Precambrlan rock
outerops, and to study the structural, stratlgraphic, and petrographic
features of the rocks, with implications on‘the;r relatlonshlps to miner-
allzatlon. ' | . |

Four—day and five-day fleld trlps were made from a base camp
located 5 km. south of the Cloncurry township, and included vehicle and
foot traverses. The latter were carried out mainly along creeks running
across the strike, and were spaced approximately'6~87km. from one another,
except in areas of special geological and economic significance where more
densely spaced traverses were conducted.. The data were plotted on
1:48,000 aerial photos (RAAF, 1950), using transparent overlays. 1:85,000
aerial photos (National Mapping, RC9 Series, 1966) were also used, malnly
for structural interpretation. The mapping of the southwesternmost part
of the Sheet area was facilitated by 1325,000 aerial photos (Adastra,1956).
The compilation of the geological information was carried out using the
Reyel Auvstralian Survey Corps 1:48,000 Noina %nd Cloncurry topographical
base maps. The preliminary 1:100,000 Cloncurry Sheet was subsequently
prepared through the redrafting and reduction of the compilation sheets.
The mapping was combined with detailed sampling aimed at attaining a
representative petrographic collsction. Approximately 100 specimens were
studied in thin-section (Appendix I). Amphibolites and. black slates
collected from the Cloncurry and Marraba 1:100,000 Sheet areas are the

subject of current geochemical investigations (Appendix 1I).



Location and access

The Cloncurry 1:100,000 Sheet area covers approximately 1100
square miles, defined by the 1ongitudes'140030'-141000' and the latitudes
20030'8—21000‘8° The area constitutes a portion of the eastern edge of
the Cléﬁéurry=Mbunt Isa .ranges, and is centred about 250 miles south of
the Gulf of Carpentaria. The map area includes the Clonocurry township,
which is the administrative ceﬁtxe.of the District, and the junetion of
roads leading to Mount Isa (128 km. westward), Duchess, Longreach,
Townsville (768 km. eastward), and Normenton., The principal routes
paésing through the.Cloncﬁrry 1:iOO,QOO_Sheet area include the Cloncurry-
Julia Creek section of the Flinaers,Highway, the Cloncurry-McKinlsay
section of the Landsborougﬁ Highway9 and the Cloncurry-Townsville railway.
Access within the area is affoided by graded and formed tracks leading to
cattle stations, water bores, and mineral workings, and which commonly
can only be negotiated by 4-wheel drive vehicles, Cattle stations Within
the Sheet area include Roxmere, Ilkiey, Napperley Park, and Eisher Creek
(Fig.i). ' |

History of Settlement and Mining

The Cloncurry Distriet, initially occupied by the Mitakoodi
tribe, was first traversed by the'survivorg'of Burke and Wills! expedit-
ion h 1860, and subsequently: visited by McKinlay in 186l. Settlement
was initiated by the_disoovery of the Great Australia éopper deposlt by
Ernest Henry in 1867, and the Cloncurry town grew rapidly because of the
findings of alluvial and reef gold in the area (Top Camp, Pumpkin Gulley,
Gilded Rose, Soldiers Cap). A coach service and a telegraph line link-
ing Cloncurry with Townsville were established in 1883-84, and a railway
from Townsville was complefed in 1908. The period 1911-1920 saw the
expansion of copper and gold mining in the Districs:, followed by a
decline in mining as a result of the drop in copper prices after the
First World War. The important silver-lead-zine deposit of Mount Isa
was discovered in 1923, and the site rapidly became the mining and popu-
lation centre of northwestern Queensland. Gold mining in’tﬁe Gilded
Rose and Soldiexrs Cap areas was briefly revived during 1933-37, and was
~completely abandoned in 1943. The presenf population of Cloncurry is
about 2000, and the town remains the senire of local govermment. The

increase in the production of silver, lead, zinc and copper at Mount Isa,
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the discovery of uranium at Msry Kathieen (64 km. west of Clencurry), and
continuing high copper prices have "esulted in a rapid expansion of explor-

ation for vase metals in the Cloncuvrry Distriet in recent years.

Barlier geological investigations

The exploration and mining activities which have taken place in
the Cloncurry Sheet area during the second nalf of the 19th cent%vy and
the first half of the 20th centur& were in part weported in publicetions
of the Queensland Buresu of Mines_(eog, Rands, 1895; Jack, 1898; Ball,
1908; Shepherd, 1931, 1932, 1933a, 1933b). The first systematic survey
of the Soldiers’Cap area was made by the Asrial, Geological and
Geophysical Survey of Northern Australia (Honman, 1936a; 1936b; Honmén
et al., 1939) and included the photogeological mapping of the area on
the scale of 1:48,000, as well as a detailed survey of the m;nes° The
Soldiers Cap érea was the first in Queensland to be mapped bg the RGGSNA
Honman's work remains the most comprensnsive economic survey of +he area
to date. The Sheet area was included in the regional 13250,000 mapplng
project carried out during 1950-1954 by the BMR and the GSQ, and reported
by Carter, Brooks and Walker (1961). The three-fold stratigraphic
division of the Soldiers Cap sequence and its metamorphlc zonation were
recognized in this survey. The Soldiers Cazp Formation was included in
a regional geochronologic study carried ou’ by Richards et al. (1963).
The dating of bictite from schist by the XK-Ar method gdve an age of 1431
m.y. A geochemical procspeciing survey of 35 square km. In the vicinity
of Soldiers Cap was carried out by Australian Selection Pty Lid in 1968.
Reconnaissance traverses were carried out in the srea by Derrick (1968).
The economic interest in the Soldiers Cap belt is continuing at present,
and it is hoped that the present report will be of asssistance to explor-

ation companies working in the area.
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II. PHYSTOGRAPHY

. The Cloncurry 1:100,000 Sheet area includes a portion of the
eastern margin of the Cloncurry-Mount Isa ranges, which occupy approxi-
mately one-t xd of the Sheet area (Fig.2). The ranges, peaked by Mount
Norna (415 méires a.s.l.), grade into the plains to the east and the
north through a belt of mildly undulating foothills. The major drainage
is the Cloncurry River, which runs toward the Gulf of Carpentaris 400 km.
to the north. The water divide of the ranges within the Sheet area runs
subparallel to the NSW-trending boundary of the feothills, separating a
system of ENE andfvibflow1ng streams to the east, from the drainage

system of Snake Creeklto the west. The northeastward flow1ng creeks
(Sandy Creek, Wéatherly Creek, Mountain Home Creek, BElder Creek, Toole
Creek, Turpentlne Creek, Bishop Creek, Pumpkln Gully) join outside the
Sheet area into a northward course which merges with the Cloncurry River,
The rugged country west of the prin01pal water divide is dralned by a
series of short streams (Bull Creek, Coppermine Creek), which join the
northwest~f19w1ng east and west branches of Snake Creek, which mexrges

with the Cloncurry River near Roxmere.

The ranges and the dissected tableland

_ This morphological unit extends over the southwesternmost
sector of the Sheet area, and includes the Soldiers Cap-Mount Norna
ridges to the east, and the dissected table mountainland between Snske
. Creek and the Cloncurry River to the west. The orientation of the ridges
is controlled by the bedding, and therefore refleet the structural trends
(Fig.3).  The highest peaks in the area are formed by silicified meta-
sediments developed around the northern closure of the Snake Creek Cross-
fold. With the exception of Snake Creek, the major streams are incised
at high angles to the strike, whereas the tritutaries are offen oriented
parallel to the strike. The waterfalls and waterholes associated with
the streams provide the most significant geological outcrops in the area.
Erosion of the extensive Mesozclic cappings in and west of the Snake Creek
area has formed the dissected %ableland morphology of this area (Figed).
Because of the predominance of brececlatsd calc-silisates west of Snake
Creek (west branch), the drainage pattern in this area is 1little conizolled
by structural elements, and is subsequently very irregular. The Mesczole

cappings are progressively eroded towards the east, the easternmost mess



Fige 3. The lower section of the Weatherly Creek Quartzite,southwest
of the Soldiers Cap mesa, which shows on the right. The
picture is taken from the south. (GA/2533)

Fig. 4. Mesozoic lateritic mesas, capping schists of the Snake Creek
‘Meta-turbidites. Snake Creek (east branch). (GA/2523)



Fig. 5. A view of schists of the Snake Creek Meta-turbidites (foreground)
and silicified meta-sediments marking the northern closure of the
Snake Creek Cross-fold (background). Mount Norta can be secn in
the horizon on the right. (GA/2529).

Fig. 6. Bouldery outcrops of breccias of the Corella Formation form dark
brown hills, and rest unconformably on the Soldiers Cap Formation.
The double peaked hill on the right is Camel Hill. (GA/2531)



relic being Soldiers Cap (FigOB)° The flat-lying Mesozoic beds were un-
conformably laid on the Precambrian with a strong unconformity. The
Mesozoic rocks consist of a basal conglomerate, grits, sandstones and
siltstone, capped by silcrete and laterite, which support a relatively
dense acacia shrub vegetaticn. The thickening of the Mesozoic cappings
towards the west is associated with and probably was caused by the gentle

slope of the unconformity surface in this direction.

The foothills

The ranges are fianked by a zone of mildly undulating hills
and shallow rises which formia narrow zone easi of Soldiers Cap, and
become progressively wider toward the north, where the transition between
the ranges and the foothills is very gradual (FigOQ)? The cduhtry
around and north of the éld Cloneurry-McKinlay road is representative
of the foothill topography. I% consists of rounded rises of amphibol-
ite, separated by broad vallieys underlain by meta~sediments which are
usually covered with quartz rubble derived from veins. Because of the
difference in colour bedween the amphibolitic and sedimenitaxry zones, the
 geology of the area is remarkably well expressed on the aerisl photographs,
even in areas of relatively poor exposurs (Figs 28 and 29). Hills and
pinnacles consisting of brecsisted cale-silicate rock displaying desp
brown weathering surfaces, ocsur isolated or in groups within the foot-
hill zone (Pigs 6 and 18). Ioose rubble of cale~silicate rock is scatter-
ed on the surface throughout the northern Ffoothills, and is balieved %o
be derived from the Corella Formation. The main streams within the
foothills run parailel or subparallel to the strike, in contrazt to the
atreams in the renges terrain. This variation'may bevexplained by the
prevalence of sub-latitudinal strike orientations‘in thé noxthern zone, ‘
combined with the oscurrense of topcgraphieally low ground ncrthéast of

the foothills (e.g., Toole Creek, Turpentine Creek, Pumpkin Gully)°

The plains

Between the foothills and the alluvial plains to the east and
nerth of the Soldizrs Cap beld lis wubble-covered pediments of the

eievated terrain. Because the xubbie is zulochihencusly derived from



the underlying rocks, the general geology of the pediment zone can be
readily interpreted on the aesrial photographs. Thus, alternating dark-
coloured (amphibolitic) and light coloured (sedimentary) formation

patterns persist in flat areas of little or no outcrop.

The distribution of surface deposits over the alluvial plains
to the east and the north of the mapped area has been included in a
regional survey by the BMR Carpentaria party, and is therefore not
described in the present report. Some areas situgbed near the trans-
ition from the pediment inte the alluvial plains show on the aerial
photographs as distinct light-coloured patches. Observations on the.
ground indicate that intensive grazing, and possibly early bush fires,
rwere responsible for an almost complete "shaving" of these areas, Updn
their entrance into the plains, the creeks develop meahdering and

braiding stream patterns.

Climate, vegetation and wild life

The climate of the Cloncurry District can be olassifiéd as of
the tropical low-rainfall continental type (Slatyer, 1964). The aver-
age annuél_rainfall at Cloncurry is 420 mm, with the bulk of the precip-
itation taking place during the summer. The distribution of rain may
be highly uneven, because of the localized nature of the thundemstorms.
The average maximum daily temperature is 90.1°F, and the average minimum
daily temperature is 65°90F. The prevailing wind directions during

summer and winter are from the northwest and séutheast respectively.

The ranges and the foothill terrain support a sparse to
moderately dense vegetation of stunited eucalypts (snappy gum, mountain
gum) reaching heights of between 3~5 medres, several varieties of acacia,
tea trees, isolated groups of kurrajong trees, and the ublquitous 7
spinfex. TIsolated bottle trees are characteristicaliy assccisted with
water holes., The water courses are marked with tall river gums and
tea-trees. DPasture grasses are commonly asscciated with alluvial flais
and river terraces, and are absent from the rubbly plains., The native
faung consists mainly of kangarcos, rock wellabies, rabbits and dingoes.
Termite hills are very common on the plains, and less common in the
foothill area. The ares supports ssveral cattle stations. Horses and
goats, as well as undomesticated camels, are of minor importance. The
permanent water holes may abound in small fish. No perennial streams

occur in the area.
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IIT. STRATIGRAPHY

The stratigraphic sequence exposed in the Cloncurry 1:1.00,000
Sheet area comprises a succession of meta-sediments and stratiform
amphibolites 8000 metres thick (minimum thickness), which is unconform-
ably overlain by brecciated cale-silicates, in turn capped by cross-
bedded quarizites. The youngest sediments in the area are flat-lying
Mesozoic clastics unconformably overlying the strongly deformed Pre-
* cambrian rocks. Honman et al. (1939) regarded the metamorphic
sequence, which they termed "Soldiers Cap Series", as of Upper Archae-
ozoic age, and have divided i% into a Lower or Schist Stage, and an
Upper or Volecanic Stage. The calc-gsilicate breccias were mistakenly
considered by Honman et al. (1939) as volcanic agglomerates, which were
correlated with the Lower Proterczoic Mount Isa Series. Carter et al.
- (1961) desciribed and measured s type-section of the Soldiers Cap
sequence between the core of the Snake Creek fold and Weatherly Creek.
These authors redefined the unit as the "Soldiers Cap Pormation', which
they considered to be of probable Lower Proferozoic age. ~ Dunn et al.
(1966) assigned the Precambrisn of northwest Queenslsnd to the
Carpentarian System (approximately Middle Proterozoic). The three~fold
subdivision of the Soldiers Cap Formation was rscognized Ey Carier et al.
(1961) as follows (from base to top):

(1) High-grade peli%ic svecession.

(2) Interbedded meta-basalts and medium-grained quarizites.

(3) Interbedded meta~basalts, sherty quartzites, chert and

slate.
Because of the relatively laxge thickness of each of the above units, as
measured in the present survey (Figs 7, 8, 9), it is proposed %o give
them member status. The stratigraphic division used in ‘this repert
corresponds to that noted by Carter e al., (1961), and is defined as
follows: ‘
(1) Snake Creek Meta-turbtidites (Ble)°
(2) Weatherly Creek Quartzite (ZBLSZ)°
(3) Toole Creek Meta-volcanics (BLS3),

The stwatiform amphibolites which constitute between one-~third and two-

thirds of the two upper units, are regarded as mainly extrusive melta-
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basalts, and are therefore dealt with as integral primary components of
these stratigraphic units. Owing to the systematic decrease in meta-
morphic grade with higher stratigraphic levels, the three units are
characterized by mineral assemblages corresponding to the upper green=—
schist to lower amphibolite facies, middle to upper greenschist facies,

and lower to middle greenschist facies, respectively.

The brecciated and mega-brecciated metamorphosed carbonates
which unconformably overly the Soldiers Cap Formation, have been class-
ified by Carter et al., (1961) as outliers of the Corella Formation (Ble)
which underlies extensive areas west of the Cloncurry 1:100,000 Sheet
area., The overlying quartzites were defined by the above authors as
the Roxmere Quartzite (BLr).

The dating of a Soldiers Cap schist and a schist from the .
Corella Formation by Richards et al. (1963) at 1431 m.y.and 1452 m.y.
respectively dontrasts with the age relationships of these formstions
determined in the field. The dating shows, however, that the meta-

morphism of these rocks took place at approximately . the same time.

The following is a detailed description of the stratigraphic

mmits e~

SOLDIERS CAP FORMATION (BILs)

Snake Creek Meta-turbidites (BﬂSi)

Definition and outcrop: This is a sequence of well-bedded and graded
schists, phyllites, arenaceous schists (meta-greywackes), meta—siltétones,
and pebble=bearing meta-sandstones. The outecrops of this unit ocoupy
the main part of the Snake Creek Cross-fold and a small areas 6 km. east
of Soldiers Cap (Map 1). The sequence has been metamorphosed within the
upper greenschist-lower amphibolite facies range. The base of the

Snake Creek Meta~turbidites is unexposéd, or is in places truncated by
granites., A minimum thickness of 2000 metres has been recorded from

the Weatberly Creek section (Fig.8). . A thickness of 2200 metres is
recorded from the Sandy Creek section, the base of which is intruded by
granites (Pig.7). 'The Snake Creek Meta-turbidites are oonférmably
overlain by the Weatherly Creek Quarizite.
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Sedimentary structuress- Pelitic and arenaceous beds alternate with each
other, the common thickness range of individual layers being about 10-100
CMo Internal lamination and fine-scale banding of individualbeds are
very common (Fig.l0). Although the contacts between pelitic and aren-
aceous beds are usually sharp, sedimenitary grading within arenaceous

and silty layers into pelitic and often sarbonaceous tops has been
observed. In higher-grade meta-sediments the compositional variations
are represented by the progressive increase in the abundance of andalusite
towards the top of the bed (Pig.12). The sedimentary lamination is
usually retained in the garnet-sbtanrclite schists (Fig.13), and the
compositional differencaes between individual laminae have evidently been
accentuated due to metamorphic segregation. Fine-scale cross-lamination
and minor slumping'occur in the me’aa—argillifeso Pebble=beafing meta~
greywackes and mud-flake-bearing mets-sandstones are minor ccourrences,
The meta—gréywackes have commonly retaired their fine clastic textures

to a considerable degree. Although the proporition of arenaceous to
pelitic rocks varies from outerop to outerop, the overall ratio is
probably near to l:l. The similarity of the greywacke-~slate association
to the geosynclingl flysch facies and to modern turbiditeé; constitutes

the bagis for the designation of the sediments as turbidites.

Mineral assemblagess- The mineral assemblages described in thin-section
are listed below. Individual descriptions are presented in Appendix I.

A discussion of the petrology is given in chapter VI.

- Garnet-siauvrolite~muscovite~blotite-quaritz porphyroblastic schist,
- Garnet-biotite~quariz-staurolite sieve-structured schist,

- Andalusite-bearing garnet-muscovite-staurolite-gquariz-biotite porphyro-
blesthic schist,

- Garnet-staurolite-mussovite-biotite-quartz schisi.

~ Staurclite-andslusite-miscoviie lenses in quartz-biotite schist.

- Biohite~chlorite-quartz-garnet-tremolite schist.

- Quaritz-staurolite~garnst-biotite-porphyrcolastic schist.,

~ Garnet-andalusite-miscovite~biotite~quarts porphyroblastic schist.
- Garnetmbiotitenmuscoviteéquartz=andalusite porphyroblastic schist.
- Garnet-chloriite-biotite-muscoviie~quartz-schist.

- Garnet-andalusite-sericitemclinczoisite=biotite—plagioqiase_quartz schist.

- Garnet-magnetite~albite-quariz-blotite schist,



~ Garnet-biotite-sericite-quartz meta-siltstone phyllite.
- Carbonaceous garnet-quartz-muscovite crenulated phyllite.

Garnet-bearing biotite-muscovite-quartz meta-sandstone schist.

Garnet-chlorite~biotite-tremolite-microcline~-albite-quarsz
porphyroblastic meta-sandstone.

Garnet-biotite~muscovite-quartz meta-greywacke semi-schist.

Tourmaline~bearing albite-muscovite~biotite~quartz meta-greywacke
semi-schist.

Albite-biotite-muscovite-quartz meta-greywacke semi-schist.

Chlorite-microcline-albite-quartz meta-sandstone.

Weatherly Creck Quartzite (Bl%z)

Definition and outcrop:- This stratigraphic unit consists of cross-
bedded light-coloured quartzite, sillceous meta-siltstone phyllite, and
feldspathic meta-sandstone, and is abundantly interspersed with strati-
form meta~basalts and meta-dolerites which range from a few feet to
approximateljféﬁbumetres in thickness., The alternation of resistant
quartzite ridges with soft.pelitic meta-sediments accounts for the

ridge and valley morphology of the outcrop, which shows on the aerial
photographs as distinct white bands (Fig.2é), The transitionsbetween the
Weatherly Creek Quartzite and the underlying and overlying stratigraphic
units are gradational. The quartzites are well developed in a 0.6-2.4
km. wide belt between Weathérly Creek and Bull Creek, where they consti-
tute over 50 percent of the sedimentary rccks. The unit is subject to
considerable variations in thickness, lithology, and abundance of incor-
porated amphibolites. The type-sections of the Weatherly Creek
Quartzite along Weatherly Creek (Fig.8) and along an upper tritutary of
Elder Creek (Fig.9), are 2700 metres thick and 1300 metres thick respect-
ively. The thickness recorded from the Sandy Creek section west of
Soldiers Cap (Fig.7) is 1100 metres, and owing to a lower percentage of
quartzites the unit is difficult to defins in this area. Probable out-
crops of the Weatherly Creek Quartzite occur between the Toole Creek
Syncline and the Oonoomurra Syncline, and between the latter structure
and the Pumpkin Gully Syncline (Fig.29). The definition of the unit in
these areas is partly based on the occurrence of cross=bedded quartzites
within the predominantly pelitic meta-sediments, and partly on strucbural
considerations. It appears that the Weatherly Creek Quartzite, while

well defined east and north of the Mount Norna area, grades into a



Fig.10. Fine sedimentary banding developed in garnetiferous lineated schist.
The schistosity is oriented at an angle to the bedding. Upper course
of Weatherly Creek, 2 miles south of Mount Norna. (GA/2331)

Fig.11. Graded bedding in pelitic and fine-grained quartzose garnet-andalusite
schists. The downward grading indicates the strata are overturned.
The folding is the result of drag and displacement along schistosity
planes, oriented at a high angle to the bedding. Upper course of
Snake Creek (east branch). (GA/2345)



Fig.12. An overturned graded bed of andalusite schist. The increase in
size and abundance of andalusite porphyroblasts downwards, indicates
a corresponding increase in the pelitic component, which implies
sedimentary grading and facing in the same direction. Upper course
of Snake Creek (east branch). © (GA/2328)

Fig.13. Andalmsite-staurolite-garnet augen schist, displaying relic
sedimentary lamination. Upper course of Sandy Creek. (GA/2774)
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predominantly pelitic facies both northward and southward of the type

area. This wnit grades into the overlying Toole Creek :Meta-volcanics.

Petrography:~  The rocks most typizal of the unit are fine-grained white
to light grey, flaggy, well-bedded or massive orthoquartzites, commoﬁly
displaying foreset-bedding, ripple marks, and groove casts (Fig.l4). The
meta-siltstones are commonly laminated, and may diSplay slump features
(Fig.15) and sedimentary pillow structures. Cross-bedded meta-
siltstones are present (Fig.l6). The meta-sediments have been meta-
morphosed within the middle greenschist-lower amphibolite faeies range.r
The following mineral assemblages have been described in thin-section

(Appendix I):-

Mascovite-biotite-quartz laminated meta~silistone.

Chlorite-veined muscovite~quartz meta-siltstone.

Chlorite-biotite~muscovite~quartz laminated spotted phyllite.

Chlorite-garnet—biotiteuquartz—muscoviﬁe banded phyllitic meta-siltstone.

Garnet-staurolite-miscovite-biotite-quartz schist,

The petrography of the meta-basalts and the meta~dolerites associated

with the Wéathe:ly Creek Quartzite is considered in chapter IV.

Toole Creek Meta—folcanics (BLs3)

Definition and outcrops- - This unit is a sequence of stratiform, massive,
wiform fine-grained to medium-grained amphibolites, composed‘mainly of
meta-basalts and to a lesser extent meta-dolerites. The basic meta-
igneous rocks are intercalated with chert, silicified meta-siltstone,
fine~grained gquarizite and phyllite. Feldspathic meta-sandstone,
banded iron formation (meta~jaspilite)(Fig.17), and calgsilicate rocks
are minor components of the unit. The ratio of igneous to sedimentary
components ie about 3:l. The unit occupies most portions of the
synclines in the map area. Cross-sections through the sequence have
been recorded along Sandy Creek (Fig.7), Weatherly Creek (Fig.8), Elder
Creek (Fig.9), and the upper tributeries of Turpentine Creek and Bishop
Creek. The thicknesses of the first three sections are 2500 metfes,
2800 metres, and 1200 metres respectively., whersas the thicknesses of
the two latter sections are difficult to ascertain due to the extensive

occurrence of small-scale folding in the cores of the Weatherly Creek-
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Toole Creek Syncline. The pwoportion of the sedimentary intercalations
decreases considerably northward, e.g. in the northwestern part of the
core of the Oonoomurra Syncline, and in the Pumpkin Gully Syncline,
sediments constitute no more than one to two percent of the total

thickness.

The Toole Creek Meta-volcanics is the stratigraphically
uppermost unit of the Soldiers Cap Formation in the Cloncurry 1:100,000
Sheet area, and is unconformably overlain by calc-silicates of the

Corella Formation.

Petrography:- The mode of occurrence and the petrography of the amphi-
bolites are discussed in chapter IV. Chert is the characteristic, but
not the most common, type of sedimentary intercalation in the yolcanic
sequence, . The intercalations usually range between“ébout 2 metres and
about 10 metres in thickness, The cherts are white, grey or black, are
commonly finely laminated due to variations in the content of graphite,
and may display tight small-scale folding, possibly of penecontempor-
aneous origin. The following cherts were described in thin-section

(Appendix I):

-~ Clinozoisite~-quartz banded meta~-chert.
- Amphibole-quartz meta-chert.

- Tourmaline-veined graphitie chert.

Silicified meta-siltstones and fine-gréined'quartzites are
also present, and are difficult to distinguish from cherts in hand-
Specimen. Pelitiec and arenaceous meta-sediments are also common cémpon—
ents of the unit. The following mineral assemblages were recorded in

thin-section (Appendix I):

Spotted biotite-feldspar-quartz-sericite-meta~-silistone.

Black meta-siltstone slate.

Rutile-bearing albite-quartz-mscovite crenulated phyllite.

Biotite~quartz-mscovite spotted phyllite.

Biotite-muscovite-microcline-albite-quariz phyllite.

Biotite-muscovite-quartz crenulated phyllite.

As indicated by the above assemblages, the rocks conform to the

Jower to middle greenschist metamorphic facies. Cale-silicates are minor



Fig.14. Groove moulds on the base of an overturned quartzite bed of the
Weatherly Creek Quartzites. Bull Creek area. (GA/2341)

Fig.15. Sedimentary slumping in laminated meta-stltstone of the Weatherly
Creek Quartzite. Sandy Creek. (GA/2380)



Fig.16. Laminated and cross-bedded garnetiferous meta-greywacke, meta-
siltstones and biotite phyllite. The sedimentary structures
are accentuated by incipient metamorphic segregation. Weatherly
Creek Quartzite . Near the Gilded Rose gold mine.

Fig.17. Folded banded iron formation (hematite-quartz meta-jaspilite),
occurring as an intercalation in meta-basalts. Toole Creek Volcanics.
North of Pumpkin Gull y. (GA/2348)
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but significant constituents of the unit. An occourrence of an edenite~
dolomite intercalation containing coneretions of graphitic dolomite was
recorded south of the Gilded Rose gold mine area (sps. 69200065A, B and
C, Appendix I). The Toole Creek Meta-volcanics is the only unit in
which banded iron formation (meta-jaspilite) has been observed (Fig.l7).
The meta-jaspilite shows fine interbanding of quartz4and'hematite~
magnetite layérs, and is characterized by fhe‘abundance”of small scale

folding.

MARIMO SLATE (Biin)

The Morimo Slate occupies the far southwest corner of the
Sheet area, together with calcarecus breccia, dolerite plugs and flat-
lying Mesozoic strata. Two distinet lithologies predominate: grey to

black slate, and fine-grained sandstone and silistone.

Slate member

Slate is best exposed along the southwestern sheet margin. It
is grey to black, but locallv is brown and ochreocus due to variable '
amounts of lateritimation, particularly in areas adjacent to the mesas
of Mesozoic strata. Certain zones in the slate contain abundant small
holes, up to 3 mm diameter, due to weathering of small concretions,
carbonaceous nodules or pyrite. Minor intercalations of fine-grained
sandstone and silt occur near the Robur, Bluebell and -Just Found mines,
and calcareous (?dolomitic) slate ocsurs southeast of the Just Found
mine. Greisen veins cubt slate and silit southeast of the Bluebell mine,

along an extension of a prominent fault-zone (see Structure).

Zones of silicification and iron and mangsnese enrichment are
widespread. Most of these zones trend northwest and north-northwest,.
and represent major faults or zones of microfracturing with no obvious

disruption.

Copper mineralization is present a’ many losalities (see
Economic Geology), and is mainly fault-controlled. A small radiometric
anomaly occurs in the Copper Canyon area at the faulted contact of slate

with ecovarse ferrugincus sandstons.
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Sandstone Member

A sequence of sandstone and siltstone overlying the slate and
forming inliers In the Corella Formation has been informally named the
Mick Creek Sandstone Member. The name is taken from Little Mick Creek,

which flows through the southernmost outcrops of the member. This
unit was termed Roxmere Quartzite by Carter et al., (1961), but detailed
mapping has shown it to be older than the Corella Formation, whereas in

the type area the Roxmere Quartzite is younger than the Corella Formation.

The dominant lithologies are fine-grained blocky to massive
feldspathlc sandstone, and coarse-grained grey siltstone., Ripple-
marking and micro-cross~bedding are Widespfead, the latter being outlined
by narrow Tthematite-rich laminae.  Ofther lithologies include pebble
conglomerate, friable medium to coarse-grained ferruginous sandstone and
limestone. Limestone occurs in an anticlinal core of sandstone and
silt 3 km. northwest of Davis Hill, and in sandstone near Little Mick
Creek. - It is well-bedded, and is associated with ripple-marked calcar-

eous shale.,

Stratigraphy and sbructure

Sandstone overlies slate conformably 5 km. south of Roxmere
Homestead., Elsewhere rélations with slate are not cléar,'and in the -
southwest they ére partially obscured by Mesozoic cover. In this area
a facies change is probable from sand in the Little'Mick Creek area, to

glate in the northwest.

Elsewhere breccia of the Corella Formation overlaps the sand-
stone member unconformably. In most cases the sandstone forms topo-
graphically high anteformal structures surrounded by a breccia "seal,
but at one locality near Little Mick Creek breccia remnants occur over-

lying sandstone at the top of some low hills.

Facing in the anteformal structure cut by Little Mick Creek
shows the beds are completely overturned; this indicates a zone of
overfolding and/br major faulting between these outerops and those
sandstone outcrops to the northeast. This structure and other fanlting

will be considered in more detail in the Structure section (see Section
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V(5)). The relationships between Marimo Slate and Soldiers Cap Formation

are unknown.

Petrography

Samples 70200400, 406, 462, 463, 464 and 465 were examined.
411 are fine-grained feldspathic quarizite and siltstone except 400,
which is calcareous, and 464, which is conglomeratic. The quartzites
show very little recognizable sedimentary fabric; grain boundaries are
anhedral and indistinet, and are corroded by opaline material. In 462
brown isotropic silica forms up to 50 percent of the rock. Feldspars
are clouded, and include both plagioclase and alkali feldspar. Average

grain diameter ranges from 0,06mm to O,3mm.

Bedding is outlined by hematite layers up to 1 mm thick which
also contain up to 5 percent zircon and tourmaline, . In shaly bands
sericite flakes are abundant, nd scattered altered porphyroblasts of
?tremolite occur. Rutile, and rare clinozoisite are other accessories.
In the conglomerate (464) clasts include granular quartzite, micaseous
siltstone, hematite quartzite and rare plagioclase-rich volecanic rock.
The groundmass is quartzofeldspathis and hematite-rich, and contains

rars large (2mm) crystals of apatite and some tourmalire.

Petrogenesis

A1l samples show evidence of deformation, silicification and
greenschist facies metamorphism, but distinet pericds of deformation
are not evident, The basic volcanic clasts in conglomerate suggests
basic igneous sourses; possibly the Maxraba Volsanics and Soldiers Cap
Formation were exposed during deposition of the Mick Creek Sandstone

Member.

CORELLA FORMATION (Ple)

. The Corella Formation in the Cloncurry Sheet area consists of
brecciated bedded cale-silicate rocks, impure dolomites and iimestones,
and minor quartzites, meta-siltstones, and calcareous meba-silisiones.,
The breccias rest with strong unconformity on the Soldiers Cap Formation.

The principal outcrops of the Corella Formstion occur west of Snake Creek
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(west branch), where inliers of interbedded meta~sandstone, meta-
siltstone and black slate of the Marimo Slate crop out from beneath the
calc-silicates. Both brecciated and bedded calc-silicate rocks are
present in this area, and they are intruded by numerous small granitic
and doleritic stocks. The unbrecciated calc-silicates tend to occur

at relatively high stratigraphic positions above the basal unconformity,
and havé‘not been observed in contact with the Soldiers Cap Formation.
Brecciated outliers of the Corella Formation abound in the northern and
western parts of the mapped area (Map 1). The largest continuous outlier
is a tongue of brecciated and bedded calc-silicates extending between
Oonoomurra and Ilkley. The isolated outliers are usually conspicuous
in the field because of their rugged bouldery appearance (Figs 6, 18)
and the deep brown colour of the weathering crusts developed over them.
Cale=silicate rubble remmants of eroded Corella Formation are widely
scattered over outcrops of the Soldiers Cap Formation in the northern
part of the grea (mostly north of the Landsborough Highway). Because

of the almost completely brecciated state of the rocks, neither contin-
uous sections nor measured thicknesses could be obtained for the Corella

Formation within the Sheet area.

The Soldiers Cap Formation-Corella Formation unconformity -

The Cloncurry Sheet area provides some of the best exposures of
the basal unconformity of the Corella Formation in the region. A contin-
uous outecrop of the unconformity can be traced parallel to and about I;SRQJ
km. west of Snake Creek (west branch), where mega-brecciated cale- o
silicates and para-amphibolites overly schists and ortho-amphibolites of
the Snake Creek Meta-turbidites (Figs 27 and 28). The trace of the
unconformity is highly irregular, and in many places is topographically
lower than the outerops of the Soldiers Cap Formation. This situation
is particularly well expressed where the calc-silicates overlie amphi-
bolites, e.g. in the area between Davis Hill and the junction of Bull
Creek with Snake Creek;?g% Great Table Mount, southwest of Oonoomurra.
However, whether this relief represents an original topography, or whether
it resulted from the collapse of calec-silicate breccia into valleys in a
later period of erosion is uncertain. The local occurrence of probable

inliers of orthoamphibolite of the Soldiers Cap Formation under the
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Corella Formation west of Snake Creek favours the first interpretation.
A regional slope of the unconformity northward and westward is implied
by the progressive increase in the abundance of cale-silieate rocks in

these directions,

Brecciated calc-silicates

The rocks of the Corella Formation within the map area are
mostly breccia and mega-breccia. The internal structure of +the
breccias can be described as chaotic. individual blocks of cale-
silicate range up to several hundred metres in size, énd are usually
angular. Rounded forms suggestive of solution are almost completely
absent. The blocks are embedded in and veined by fragmental and
pulverized breccias (Figs 20 and 21). = The rgtio of blocks to fragmental
breccia varies from place to place, and mega-breccias including only a
small proportion of fragmental matrix have been observed.  Pipes and
irregular bodies of breccia may be intruded into or rest.uncohformably '
on bedrock (Derrick, 1968). Both mega-breccias and fragmental breccias
lie directly over the Soldiers Cap Formation. The sedimentazy‘banding_
within the blocks may be folded (Fig.l19) or deflected (Fig.20), butb
mostly it is undeformed.  The compositions of the fragments and blocks
incorporated in the breccia are generally similar to bedded cale-
silicates in the area. = Specimens of brecqiatedrCofella Formation des-

cribed in thin-section (Appendix I) include the following assemblages:
Calc-silicate rockss:-

= Sericitic quartzscalcite banded meta-limestone.

Carbonate-biotite-quartz-scapolite cale-gilical=.

Biotite-quartz altered scapolitz-carbonate porphywrcblastlic c¢ale-
gilicate.

- Albite-microcline~biotite-quartz-sericite-~carbonate ‘cale~gilicate.

Biotite~albite~-quartz-carbonate calc-silicate.
Amphibole-bearing cale-silicate rockss—

'~ Sphene-rich tremolite-albite-calzite porphyroolastic cale-silicate.

-~ Tremolite-muscovite-quartz-carbonate porphyroblastic cale-silicate.
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Parag-amphibolites:-

- Sphene-quartz-diopside-tremolite-calcite-sodic plagioclase para
amphibolite.

Sphene-diopside-tremolite~calcite-albite porphyroblastic para-
amphibolite.

Hematite-spotféd tremolite-epidote~albite para-amphibolite.

Sulphide-rich apatite-phlogopite-quartz~tremolite~carbonate
porphyroblastic para-amphibolite. ,

Diopside~epidote~-sphene-amphibole=-plagioclase paramamphlbolite°

Miscellaneous rocks:-

~ Calecite~tourmaline-sericite-plagioclase~quartz meta-sediment.
- Banded carbonate-rich meta-siltstone,

- Carbonate-quartz-microcline-albite meta~siltstone.

As indicated by the occurrence of diopside in the paré—amphibolites, the
metamorphic»gﬁade of the rocks of the Corella Formation ranges up to the
Abukuma type lower amphibolite facies. .

Bedded Calc-Silicate Rocks

Well bedded calecareous sediments occur throughout the Corella
Formation west of Sﬂake Creek, as narrow synclinal belts surrounded by
massive red-brown specularitic calcardous breccia (Map 1). The belts
are of uniform lithology, and include -grey brown flaggy limestone, cal-
careous silt, mgrl (calcareous clay), fine-grained, laminated to blocky
calcareous quartzite, calc-silicate rocks and minor slate, mica.sohist
and breccia. Near Davis Hill the calcareous beds show a coarse spotting.
of scapclite, up to 0.5 cm. diameter. Ripple marking,microcrossbedding
and small-scale convoluted bedding are presen’, and genefally indicate

facing in the sequence, which is everywhere about 500 feet thick.

Stratigraphy: West of Davis Hill the well~bedded calcareous
rocks slightly overlap the quartzite member of the Marimo Slate, and
facing shows that the former are younger than the latter. Neaf the
Duchenese mine,limestone and maxl overlie slate of the Marimo slate

unconformably.



Fig.18. Columns of brecciated calc-silicates resting unconformably on
amphibolites of the Soldiers Cap Formation south-west of Camel
Hill. (GA/2530)

Fig.19. Contorted banded calc-silicates, limestones, and quartzites of the
Corella Formation. Outcrop near Roxmere. (GA/2340)



Fig.20. Boundary between a block of banded calc-silicate and calc-silicate
breccia. Mega-breccia of the Corella Formation. Outcrop near the
junction of Bull Creek and Snake Creek. (GA/2349)

Fig. 21. Block of banded calc-silicate surrounded by breccia. Mega-breccia
of the Corella Formation. Cutcrop north of Pumpkin Gull y. (GA/2528)
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Relgtions with the extensive masses of breccia are less clears
on structural grounds , *he well-bedded synclingl belts appear younger
than the underlying breccia. They possibly represent cutliers of a
folded carbonate sequence, the base of which has been preferentially
brececiated (see Fige33). In a number of localities the boundary between
bedde&éndfbrecciated carbonate rock is marked by a transitional zone up
to 16 méfres thick éf intraformational brecéia, in which the original

bedding is still apparent.

There is good stratigraphic evidence to show that some breccie
is younger than or contemporaneous with the well-bedded sequences. Near
Copper Canyon dyke-like masses of breccia cut well-bedded limestone; in -
the Little Mick Creek area bedded séquences are sharply transgressed by
breccia, which in all cases is similar to breccia apparently underlying
the bedded material elsewhere; northwest of Davis Hill zones .of breccia

up to a few metres thick are concordant with bedded material,

In the Little Mick Creek area fragments of calcareous quartz-
ite and breccia in marl are suggestive of some breceistion before and

posglibly during deposition.
The origin of the breccia is considered in Section V{(4).
Petrographys The samples examined include three groups of

rockss spotted calcareous schist and marl, limestone and quartzite,

and metaigneous rocks.

a. Spotted calcareous rocks (70200395, 40L, 402)

Scapolite (10% o 40%) forms porphyroblasts 1 to 3 mm
diameter. . They are well-rounded,'ahd'conﬁain abunddnt fins—grained
inclusions, mainly of biotite, sérieite, iron 626; guartz and rare |
tourmaline and apatite, Inelﬁsions are abundant>in the porphyrablést
cores, but less so near thélgraihmargins° The matrix (60% so. 90%) is
a fine-grained foliated aggregate of biotlte, guartz,microcline, calecite
(lS%lto 25%), mascovite, chlorite and speculorite. Banding is outlined

by variations in caleite grain size and hematite concentrations.



20

Two cleavages are present. The older cleavage is
parallel to bedding, and the other is a crenulation cleavage at right
angles to the bedding.

b. Limestone and quartzite (70200403, 427)

These rocks are generally laminated and fine-grained with
an average grain diameter from 0.2mm to 0.5mm. All gradations exist
between bands of pure limestone (calcite with some dolomite) and bands
of calcareous feldspathic quartzite, In limestone bands rare large
grains of alkali feldspar ahd polygonal aggregates of quartz occurs
the feldspathic quartzites contain caleite interstitially. Accessory
minerals include tourmaline, zircon, muscovite, hematite and chlorit-
ized biotite; in 427 rare large (2mm) altered porphyroblasts of

tremolite are present.

c. Meta-igneous rocks (70200404, 409)

These are concordant with calcareous sediments; sample

' 404 contains a élouded quartz-feldspar aggregate with scattered blebs

of chlorite and calcite. Rutile, iron ore and zircon are accessSory.
This could be a fine-grained recrystallized acid volcanic.  Sample 409 -
is a spotted orthoamphibolite. The spots are extensively sericitized
plagioclase porphyroblasts, contained in a matrix of green-brown
~amphibole (60 percent) and quartz-plagioclase lenticles (40 percent).

Sphene and iron ore are accessories.

Petrogenesiss Inclusions in scapolite are continuously
oriented with the matrix foliation (flow cleavage), which suggests
the scapolite grains are syn or post-tectonic (first phase). A
second phase of deformation is indicafed by the cremulation cleavage,
which deforms the matrix and the oriented inciuéions in scapolite. The
assemblages caleite-quartz-tremolite and quartz-muscovite-biotite in
various parts of the Corella Formetion west of Snake Creek indicate high
greenschist facies metamorphism. Diopside occurs in calec-silicate rocks
south of Davis Hill, and indicates amphibolite facies metamorphism there.

Similarly orthcamphibolite near Roxmere homestead indicates amphibolite
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facies metamorphism in that area. Thus an isograd between greenschist
and amphibolite facies probably occurs in the vicinity of Snake Creek,

and roughly parallel to it. This is represented in Fig. 26.

ROXMERE QUARTZITE (Plr)

The Roxmere Quartzite constitutes the uppermost Precambrian
formation exposed in the Cloncurry 1:100,000 Sheet area.. In this
report only quartzite younger than the Corella Formation,(in the
Coppermine Creek area)is described as Roxmere Quartzite. Quartzite
west and south of Davis Hill, originally named Roxmere Quartzite by
Carter et al. (1961), is older than the Corella Formation, and now con-
sidered to be part of the Marimo Slate (see Mick Creek Sandstone Member).
The unit consists of laminated, cross-bedded, and ripple-marked ortho-
quartzites and feldspathic quartzites, characterized by light-brown
colours. The type outcrop of the unit occurs as a synclinal core,
centred approximately 5 km. northeast of the Roxmere Homestead (M2p 1).
A small outcrop occurs at Mount Avarice, approximately 3 km. southeast
of Cloncurry. In both localities the quarizites overlie brecciated
cale-silicates of the Corella Formation, the transition horizon being
a thin zone of brecciated quartzite. = This unit is highly Jointed and
cut by thin veinlets of pink calcite and quartz. Preferential weather-
ing of calcite has emphasized the brecciated appearance of the quartzite.
At a small quarry located about 1.6 km. southeast of the Cloncurry
hospital, however, the quartzite directly overlies meta~basalis of the
Soldiers -Cap Formation, The minimum thickness of the unit in the .
Coppermine Creek area is 2000 metres. In thin-section (Appendix I,
sp,,69200095), a specimen from the Roxmere Quartzite has been defined
as tourmaline~bearing feldspathic quartzite. Specimen 70200407 is a
feldspathic quartzite containing abundant biotite, caleite and rare

tremolite, indicating greenschist facies metamorphism.

The Roxmere Quaritzite in the Clonocurry Sheet area gan be
correlated with well~bedded feldspathic quartzites and sandstones which
crop-out west of the Cloncurry River .in the Marraba 1:100,000 Sheet
area (Derrick et al., 1970).
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IV. META-IGNEQUS AND IGNEOUS ROCKS

The most characteristic feature . of upper stratigraphic levels
of the Soldiers Cap Formation is the predominance of stratiform meta-
basalts and fine-grained meta~dolerites. Sills of meta-gabbro and
meta-dolerite occur at high stratigraphic levels and near the top of -
the Snake Creek Meta-turbidites and the Weatherly Creek Quartzite
respectively. Dykes of meta-dolerite strike at low angle to the
trace of the axial plane of the Snake Creek Cross-fold., Large granitic
intrusions occur north and south of the Sheet area, which includes only
small granitic stocks. The latter are particularly common in the
Corella Formation west of Snake Creek. In the following, each igneous

rock group is individually considered.

Stratiform meta-basalts and meta-dolerites (db)

The stratigraphically lowermost metabasites in the Soldiers
Cap Formation are multiple sills of meta-gabbro intruded into upper
levels of the Snake Creek Meta-turbidites. The abundance of stratiform
metabasites increases progressively upwards sbove these sills. The
Weatherly Creek Quartzite contains stratiform meta~basalts, fine-
grained meta-dolerites and orthoamphibolites, constituting between one
quarter and one half of its thickness. Individual metabasite bodies
range from less than 1 metre to several hundred metres in thickness, and
can be followed over considerable distances along the strike (Map 1). As
a rule, the thicker the body, the greater its length along the strike..
Basic meta~igneous rocks predominate in the Toole Creek Meta-volcanics,
and include numerous thin intercalations of chert, meta-argillite, and
other sedimentary rock types. The ratio of meta-igneous roccks to meta-

sedimentary rocks in this unit appears to increase northward.

In outerop the metabasites occur as massive to weakly cleaved
and fractured aphanitic to fine-grained dark green rocks, almost
completely devoid of features diagnostic of extrusive origin. The
meta-dolerites display fine-grained megascopic blastophitic textures.
The only localilty where pillow structures have been observed is neaxr the

track between Mount Norna and the Lady Michelle copper workings (Fig.
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23). The pillows display.fine-grained doleritic cores, basaltic shells,
and leucocratic mesostases., The origin of some stratiform meta-
dolerites through multiple intrusion is éuggested by the occurrence of
intraformational chilled contacts (Fig.24). Bands of coarse-grained
glomeroporphyritic meta-dolerite have been observed within stratiform

meta-dolerite (sp. 69200030).. In some instances, the boundary zone of

thin stratiform metabasites contains fine leucocratic globules. '

Thin-section descriptions of meta-basalbs, fine-grained meta-
dolerites, and ortho-amphibolites, are given in Appendix I. The

following mineral assemblages were recorded:

Meta~basalts:

Sphenie-rich labradorite-amphibole porphyritic meta~basalt.

Leucoxene~quartz-albite~epidote-tremolite blastophitic meta-basalt.

- Leucoxene-albite-quartz-amphibole-epidote meta-basalt.

Scapolite~albite-amphibole meta-basalt.

Meta~dolerites:

TIlmenite-bearing andesine-amphibole blasto-glomeroporphyritic - -
meta~dolerite.

Ilmenite-bearing amphibole~andesine meta-~dolerite.

Biotite~amphibole-andesine fine-grained sheared meta-dolerite.

Iron-rich plagioclase-amphiibole meta~dolerite.

Leucoxene-~epidote-saussurite-albite-sericite-amphibole -
meta-dolerite.

Sphene~bearing altered amphibole-tremoliﬁe-plagiociase
meta~dolerite. ' ' '

Ortho-amphibolites (showing no relict igneous texbures)s

-~ Andesine~tremolite banded metabasite.

Iilmenite-rich quartz-plagioclase-amphibole metabasite.

Tremolite-andesine~hornblende metabasite.

Sphene-rich labradorite-amphibole metabasite.

Iron=rich quartznplagioélase—biotite metabasite.
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The presence of hornblende in some.of the basic meta-igneous
rocks indicates the upper greenschist facies. The geochemistry and
mineralogy of these rocks are subject to current investigations

(Appendix II).

The mode of emplaceﬁent of the stratiform meta-basalts and
fine~grained meta~dolerites is not entirely clear. The perfect
conformity of the stratiform bodies, the scarcitj of transgressive
contacts, the usually fine-grained textures, and. the abundance of
intercalations of sediments of aqueous origin (e.g. cherts, pelites),
suggest an intrusive origin is unlikely. On the other hand, the
almost complete absence of structures and textures suggestive of a
volcanic origin does not support an extrusive mode of emplacement.

It is quite likely, however, that the lack of amygdales and veriolites
in the meta-baéalts can be exﬁlained in terms of a low volatile con-
tent of the baéic magmas . It is tentatively conciuded, therefore,
that the bulk of the meta-basalts and the‘associated metaudélerites
(which occur mainly in the cores of meta—bésalt sheets) is of volcanic

origin.

Meta~gabbro sills (d1)

Two prineipal occurrences of sills of meta-gabbro and assoc-
iated meta-dolerite have been encountered in the Cloncurry 1:100,000
Sheet area, A sill complex is located at ﬁigh stratigraphic levels -
of the Snake Creek Meta-turbidites, and is deflected by the Snake
Creek Cross-fold (Fig.27). The sill domplex is best developed in the
section between Weatherly Creek and Snake Creek (east branch), where
it includes up to three individual sills, the combined maximum thickness
of which is approximately 600 metres. South of Weatherly Creek and
Snake Creek the sillé beoomé thinner and wedge out gradually. Only
one sill is present in the Sandy Creek section, where the thickness
of the meta-gabbro is approximately 170 metres. The second meta-
gabbro sill occurring in the Sheet area is intruded into.échists of
the Weatherly Creek Quartzite soufheast of Mount Avarisce, The sill
has been strongly folded and displaced by faulting. It consists of a

single stratiform body, the maximum thickness of which is 250 metres.



Fig. 22. A flow of meta-basalt (on the right) intercalated in deformed
banded meta-siltstones of the Weatherly Creek Quartzite.
Exposure on the Cloncurry-Townsville railway, 5 miles east of
Cloncurry. (GA/2527).

Fig. 23. Pillowed meta-basalts with cores of meta-dolerite, basaltic
shells and siliceous mesostasis. Outcrop on the track between
Mt Norna and the Elder (Lady Michelle) copper mine. (GA/2336).



Fig.24k. Chilled contact of meta-dolerite sill intruded into an earlier
stratiform meta-dolerite. Toole Creek Meta-volcanics. Sandy Creek.

(GA/2343) |

Fig.25. Thin veins of meta-basalt intruded into meta-gabbro sill south
of the Elder (Lady Michelle) copper mine. (GA/2334)
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In outcrop the meta-gabbros are massive uniform rocks, con-
taining medium- to coarse-grained laths of plagioclase, and medium- to
coarse-grained amphibole. Thin dykes of meta-basalt (Fig.25),
irregular masses of granophyre, basic pegmatite, and veins and masses
of carbonate are commonly associated with the sills., The marginal
facies usually consists of meta-dolerite up to 30 metres. thick. The
adjacent sedimentary wall rocks may show contact effects, mainly silic-
ification and the development of chlorite. Méta—gabbro and meta-
dolerite specimens from the sills are described in Appendix I, and

comprise the following assemblages:

- Ilmenite-bearing amphibole-plagioclase blasto-porphyritic meta-gabbro.
- Andesine-amphibole meta-gabbro.

~ Ilmenite-sphene-quartz-epidote-saussurite-amphibole meta-gabbro.

- Epidote-~sericite-amphibole~tremolite blastophific meta~-gabbro.

- Biotite—sericite amphibole-plagioclase meta-gabbro.

- Ilmenlte~quartz-ep1dote-plagloclasa-amphibole b]astophltle
meta-<dolerite.

- Sphene~rich oligoclase-amphibole porphyroblastic metabasite.
-~ Tale-~veined quartz-plagioclase-amphibole metabasite.
-~ Sphene-rich quartz-amphibole-epidote-oligoclase metabasite.

- Soapolite«bearing epidote-quartz-plagioclase amphibole metabasite.

The mineral assemblages of the meta-gabbros are similar to
those of the stratiform meta-basalts and meta-dolerites of the Soldiers
Cap Formation, which indicates that both the intrusive and the extrusive
basic igneous rocks were affected by similar metamorphic conditions, and
probably resulted from one and the same episode of rsgional metamorphism.
The conformity between the sills and the bedding of the associated meta-
sediments implies their emplacement prior to the cross-folding. It
is unlikely that the swarm of meta-dolerite dykes (described below)
which cut through the Snake Creek Cross-fold represents the feeders of
the sills, because the dykes are discordant %o the structure and younger
than the cross-folding. Furthermore, the dykes cut through rather
than terminate against the sills. It is concluded that the dykes

represent a younger igneous episode than the sills.
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Meta~dolerite dykes (dd)

A swarm of meta-dolerite dykes composed of at least six
separate intrusions is associated with the axial zone of the Snake
Creek Cross-fold. The dykes run subparallel to the trace of the axial
plane in the southern part of the fold, and diverge in the northern
part of the fold, possibly reflecting a fracture pattern genetically
related to the folding. Ih one case a meta-dolerite dyke forks
northward into two branches. The dykes cut through the meta-gabbro
sills in the Weatherly Creek-Snake.Creek section, as well as through
the structural trends of the cross-folds north of the sills. The
longest dyke within the Sheet area can be traced over 12 km. along the
strike. The thickest section measured across a dyke is 15 métres.

In no case have the dykes been observed to merge into the stratiform

basic meta-igneous bodies incorporated in the Soldier Cap Formation.

The basic dykes are represented on the aerial photographs as -
thin black lineaments (Fig.27). In the field the dykes crop-out as
narrow elevated ridges wherever they transgress through pelitic and
arenaceous meta~-sediments. They are dense, dark green to black rocks
in hand-specimen, and usually display megascopic blastophitic texture.
The chilled contacts consist of meta-basalt. The following asse~

blages were identified in thin-section (Appendix I)s

~ Ilmenite-bearing plagioclase-amphibole (sub-ophitic metasdolerite),

- Sphene- and ilmenite-bearing quartz-plagioclase-amphibole (metabasite).

The independent field relationships between the dykes and the
stratiform basic bodies, and the transgressive relationships between
the dykes and regional structure,vimply 3 post cross-folding origin
of the dykes. Because the cross-folding is considered to have post-
dated the principal phase of regional metamorphism in the area, the
métamorphic state of the dykes must be ascribed to a younger metamor phic
stage, possibly the same stage which accounted for the metamorphism of
the Corella Formation (chapter VI).
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Dolerite pipes in the Corella Formation

Small dolerite pipes are scattered throughout the Corella
Formation and parts of the Marimo Slate, They occur in a narrow
north-trending belt near the Robur mine, near the junction of Snake
and Bull Creeks, near the Duohenesé mine in the southwest of the
Sheet, and in soil plains north of Roxmere, e.g. Home Mountain. The
pipes are generally circular in outline, and show sharp contacts with
the country rock, which in most cases is breccia of the Corella
Formation. Minor copper mineralization is present in quartz-
carbonate veinlets in some plugs; dolerite neér the Duchenese mine is
associated with massive pyritic quartz veining. Economic copper
mineralization associated with fine-grained dolerite occurs at the

Great Australia mine.

All the plugs are structureless, medium to coarse-grained,

even~grained dolerite with a well=displayed ophitic texture.

Age Relationships: The dolerite is younger than all sedi-
mentary units in the area except possibly the Roxmere Quartzite, It
is probably older than the plugs of Naraku Granite in the same area,
since in one plug along Snake Creek the dolerite was veiuned by leuco-
cratic granite. The close spatial relationships between the granite
and dolerite plugs suggests the two periods of intrusion were nearly
contemporaneous. Near the junction of the east and south branches of

Snake Creek some local contamination of dolerite by granite is present.

Petrographys Four dolerites were studied, samples 70200408,
431, 434 and 435. All show a well-preserved ophitic ﬁexture, '

Clinopyroxene, a colourless augite, is present in all sampies, forming

unaltered 2 to 3 mm crystals or relict cores in grains of amphibole,
The amphibole derived from original clinopyrdxene is a pale green
Pactinolite, bordered in most cases by a narrow rim of green-brown
hornblende . Plagioclase forms variably clouded laths 1 to 3 mm long
intergrown with mafic minerals. Complex twinning is present, and |
compositions range from An 48 to An 60. In most cases plagioclase
shows a pronounced pink coloration, probsbly due to finely dispersed

i
Thematite. uartz occurs interstitially, or as graphic intergrowths
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with plagioclase. Iron ore is abundant, and in two samples grains have
sphene coronas. Accessories include sericite, epidote, biotite and

scapolite; the latter occurs in sample 408, replacing plagioclase.

An average estimatéed modal analysis of the dolerites is as

follows:~-
Amphibole” 40%
Plagioclase 37%
Clinopyroxene  17%
Iron ore - 3%
Quartz %

Accessories 1%

100%

Rock name : Dolerite

Petrogenesis: The preservation of ophitic texture and fresh

plagioclase and clinopyroxene grains suggests the dolerite intrusions

lp:stdate “he first phase of metamorphism, and have possibly been affected

by the second metamorphism (Section VI ); deuteric alteration is suggest-
ed by alteration of clinopyroxene to amphibole and scapolitization of
plagioclase. The concentration of both dolerite and granite plugs in
the broad belt extending from Little Mick Creek to Coppermine Creek is
possibly due to greater tectonic activity than elsewhewe; such activity

41
could provide a focus for magma generation and intrusion.

Granites

Granitic intrusions, wbile common and predominant south and
north of the Cloncurry 1:100,000 Sheet area, are only of minor imporé-
ance within the mapped area. Numerous small stocks of medium-grained
leucocratic granite are emplaced in the Corxella Formation, which is
contrasted with the scarcity of granites in the Soldiers Cup Formation,
where only three small stocks of leucocratic granites have been
encountered. The characteristic features of the small granitic stocks
are their small size (up to approximately 1300 metres in diameter),
rounded form, white colour of the feldspar, and a very low content of
ferromagnesian minerals. Soaic plagioclase constitutes over sixty
percent, and quartz about thirty percent of the rocks, whereas micro-

cline is‘generally a minor constituent (Appendix I, sps. 6900068,
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69200079A and samples 70200394, 397, 429, 430)° In contrast, the granites
which intrude the Soldiers Cap Formation south of the map area (Fig.26)
contain more microcline than sodic plagioclase, and have a slightly higher
ferromagnesian mineral content (Appendix I, sps. 69200038, 69200109B).
Neither the sodic gran: jes nor the potassic granites show any evidence of
metamorphism. The contacts of the granites with the country rocks are
very sharply defined, and with the exception of silicification, little

evidence of contact metamorphism has been disclosed.

The apparent preferential occurrence of granites within the
Corella Formation has also been observed in the Marraba Sheet area to the
west, where small granites and abundang aplite andvmicropegmatite
(hematite~bearing) veins occur within the Corella Formation, but not with-
in the Marimo Slate, the Marrabg Volcanics, or the Argylla Formation
(Derrick et al., 1970).

Petrography: Most samples of granite intruding the Corella
Formation (394, 397, 429, 430) are highly leucocratic and microporphy-
ritic. In some larger plugs the central parts of the intrusion show an
even-grained, typically granitic texture. Clouded plagioclase pheno-
crysts are abundant (25~50%), and typically are euhedral, simply twinned
laths of albite-oligoclase, An5 to0.An28, Some grains are slightly anti-
perthitic. Quartz phenocrysts (5-30%) are clear and unstrained, with
some embayment by the groundmess in certain samples. In one sample (394)

the quartz is a beta variety.

The groundmass in all samples is a fine-grained aggregate of
plagioclase, quaritz and potash feldspar. The latter has been reliably
identified only by stainiﬁg, and forms up to 30% of the rock in samples
429 and 430, Graphic quartz-plagioclase intergrowths occur in 429.
Green-brown biotite flakes form 4% of sample 394, but in most. cases mafic
minerals are rare or absent,  Accessory minerals are iron ore, rare zirecon

and sphene, calcite, chloribe, rutile and sericite.

Rock names:  All the samples studied are plagioclase-rich
granite, with an average modal composition Q{quartz) = 20, A (alkali
feldspar) = 25, and P (plagioclase) = 55.

The thin-section studies confirm that the granite plugs are
post-metamorphic and relatively high~level, rapidly cooled intrusions;

they are similar to parts of the Naraku Granite near (loncurry towasbip.
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V. STRUCTURE

The structure of the Precambrian rocks in the Cloncurry

1:100,000 Sheet area is determined by the following elements:

Isoclinal folds
Steep-axial cross-folds
Faults

Breccias in the Corella Formation.

A structural map of the Sheet area is presented (Fig.26 ).
Aerial photographs and géological maps of selected areas are
given in Figs. 27, 28 and 29. In the following, the structure and

tectonics of the map area are discussed according to the above elements.

Isoclinal folds

The isoclinal folds represent the earl;est identifiable
tectonic phase which affected the Soldiers Cap Formation. Within the
Sheet area these folds are extensively deflected by later cross-folding,
the effects of which decrease toward the southern part of the map area,
where the predominant fold axial trend is north-south. No cross-
folding appears to affect the Soldiers Cap Formation in the Duchess
1:250,000 Sheet area to the south (Carter et al., 1961), The only fold
segment which appears to represent the original orientation of the
isoclinal folds in the Cloncurry 1:100,000 Sheet. area, is the southern
part of the Weatherly Creek-Toole Creek Syncline, south of Mountain
Home Creek. The axial zone of this syncline in this area plunges
mildly to the north, and consists of a series of parallel minor folds.
Although the shapes of the isoclinal folds in the northern part of the
area have been modified by the superimposed cross-folding, the original
structural detail of the isoclinal folds can be readily recognized.
Thus, the minor fold pattern in the axial zone of the Weatherly Creek-
Toole Creek Syncline persists in the cross~folded northwestern part of
this structure in the Toole Creek area. A structural feature peculiar
to the central and northern zone of the Sheet area is the frequent
development of minor synclines in.the cores of the major synclines.,

The minor intervening anticlines on the other hand are considerably less

well expressed than the synclines, Similarly, the anticlines separating
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the Weatherly Creek-Toole Creek Syncline from the Oonoomurra Syncline,
and the Oonoomurra Syncline from the Pumpkin.Gully Syncline, are very
narrow when compared with the synclines (Fig.26). The explanation of
these contrasts appears to be the differential litholeogy of the syn-
clinal and anticlinal zones, which consist mainly of greenstones and
meta—~sediments respectively. . Because of their higher plasticity, the
meta=-sediments have been folded and sheared in between the more rigid

and consequently broader synclinal zones.

Cross~folds

The Soldiers Cap Formation in the Cloncurry Sheet area dis-
plays classic cross-fold pabterns, resulting from. the refolding of the
isoclinal felds about subvertical axes. The major cross-fold within
the Sheet area is the Snake Creek structure, the centre of which is
drained by the eéstern branch of this creek. Contrary to Honman el
alls (1939) view, the fgld canmot be regarded as a mildly plunging
anticline, but constitutes a subvertically plunging cross-fold, referred
to here as the Snake Creek Cross-fold (Fig.26). The axial plane of the
structure dips steeply eastward, as suggested by the overturned western
limb. That the structure constitutes a cross-fold rather than a
northward plunging anticline is evident from the struchural pattern
between the eastern and the western branch of Snake Creek near the
bottom of the Sheet area, and from the occurrerce of minor cross-folds
north of the meta-gabbro sill complex. These features cammot be inter-
preted in terms of isoclinal folding only. The cross-folds accbﬁnt
for the deflection of the beds and the .iscclinal folds in the general
ares between Mount Norna and near fhe northern boundary of the
Precambrian outcrops into northwest and castwest trends. The cross-
folding in the structural belt along Snake Creek resuited in lateral
flexuring exceeding 180°. The structure of this bel% is complex, and
is partly obscured by alluvial deposits and by cutliers of the Corella
Formation. Rotation of synclinal axes cver 2500 is displayed by the
" nose of the Pumpkin Gully Syncline. The box-like shape of the
northwestern parf of the WéatheriyVCreek—Toole Creek Synoline and the
Oonocomurra Syncline southeast of Oonoomurra Siding, may have originated
by modification of the isoclinal folding by cross-~folding, i.c. by

lateral pressures operating at high angles to the isoclinal fold axes.
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The origin of the cross-folds may have been related to lateral
pressures exerted by the intrusion of the granitic batholith to the
north. This possibility is supported by a southward lessening of the
crogss~folding. The cross-folding has clearly post-dated regional
metamorphism, as indicated by the deflection.of the flow=-cleavage and

fracture~cleavage systems by the cross-folds. . The effedts of the

cross-folding on the Corella Formation are discussed later.

Faulting

The role of faulting in the deformation of the Soldiers Cap
Formation is relatively minor when compared with that of folding. Only
a few major faults have been observed. The following is a 1list of

faults where the strike slip could be ascertained (refer to Map l).

- At the upper course of Weatherly Creek. Displacement:1600m
- Between Toole Creek and west of Qonoomurra. " ‘ 900m
~ Across the Oonoomurra Syncline, east of Mb. Avarice. " .2300m
- Along the upper tributary of Bull Creek. " 350m
- 3 miles ENE of Cloncurry. , n 650m

Northeast of Mt. Douglas. : " 850m

Several faults cut through the Corella TFormation west of Snake
Creek. Apart from the measured faults listed above, the Precambrian
rocks include numerous minor faults and veins with little or no displace-
ment. The majority of these 1ineamenté strike at high angles to the
bedding.' Swarms of quartz-filled veins and small-scale faults ocour
along fhe hinges of cross-folds in the Eldér Creek area and the Snake
Creek area. These lineaments, when truncating favourable stratigraphic
horizons, provide some.of the loci of copper and gold mineralization in
the area (Chapter VII).

No evidence of faulting along the western margin of the oth
crops of the Soldiers Cap Formation was found. The contact with the

Corella Formation appears to be a well-defined unconformity (Chapter'III);



T

Pig.

27A. Aerial photograph of the Weatherly Creek-Toole Creek
syncline, the Snake Creek Cross-fold, and the southern
granites. TFor interpretation, refer to Fig. 27B.
RC9 1:85.000 series, Run 8, photo 76.
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28A,

Aerial photograph of the Snake Creek Cross-fold, and
of the northwestern part of the Weatherly Creek-Toole

Creek Syncline. For interpretation, refer to Fig. 28B.
RC9 1:85.000 series, Run 7, photo 150.
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29A. Aerial vhotograph of the northwestern part of the
Weatherly Creek-Toole Creek Syncline and of the
Oonoomura Syncline. TFor interpretation refer to Fig.
29B., RC9 1:85.000 series, Run 6, photo 156.
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Structure and brecciation of the Corella Formation

The style of deformation of the Corella Formation appears to
be distinet from that of the underlying Soldiers Cap Formation. The
most striking feature displayed.by the Corella Formation within the
Sheet area is the extensive brecciation and mega-brecciation of the
cale-silicate rocks (Chapter III). Outliers of the Corella Formation
resting unconformably on the Soldiers Cap Formation are almost invar-
iably brecciated. The continuous tract of Corella Formation west of
Snake Creek includes both brecciated and non-brecciated rocks, the
latter usually occurring as synclinal keels above the breccias. The
occurrence of bedded calc-silicates at stratigraphically higher
positions than the breccias is a consistent feature, although some
breccia is almost certainly younger than the bedded sequences. - The
significance of this is discussed below. The structural trends of the
non-brecciated parts of the Corella Fbrmation are usually subparallel
to those of the Soldiers Cap Formation in adjacent areas, although this
comparison could only be carried out in a few areas (e.g. west of Camel

Hill and north of Oonoomurra siding).

In considering the origin of the brecciation of the Corella

Formation, three alternative interpretations will be discusseds’

The breccia may represent coarse reef debris.

The breccia may have originated. through karsiie solution
of the carbonates and/br golution of evaporite beds,

followed by subsequeni collapses.
The breccia may be of tectonic origin,

There is no evidence. to support the first possibility. The
size of the blocks of the mega-breccia exc=eds that of blocks in fore-
reef breccias by several orders of magnitude. No fossil stromatolites
or any other biogenetic elements have been recorded‘from the cale-
gsilicates. Purthermore, a distribution of forereef breccias over an
area as extensive as that covered by the breccias would imply

transportation of the blocks, some of which are several hundred feet
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across. The apparent absence of basal sediments which could facilitate
the downslope slumping of large blocks render this possibility even less
likely.

A karstic origin of the -breccias,K is. contrasted with the
absence of features suggestive.of solution, e.g., rounded blocks, sink
holes, etc, The possible. pre-existence of evaporite beds, on the
other hand, is supported by the extensive occurrence of scapolite in
the calc-silicate rocks, suggesting the release of chlorine, and by the
"residual® nature of some of the dolomitic fragmental breccias which
include a large proportion of fine-grained material. ~ In only a few
cases, however, have these breccias been observed to be stratigraphically
controlled, and their common occurrence in veins, fissures, pipes and
lumps associated with the mega-breccias (see also Derrick, 1968)

suggests they are not a result of evaporite bed solutions.

There are good reasons to regard tectbnic deformation as the
ma,jor féétor involved in the brecciation of the Corella Formation.
Because the Cofella,Formatibn overlies the Soldiers Cap Formation with
strong unconformity, it is evident that its deposition post-dated a
major tectonic phase which affected the Soldiers Cap Formation, probably
the isoclinal folding phase. . It is suggested that during the cross~
folding of the Soldiers Cap Formation, the flat-lying carbonates of the -
Corella Formation could not react to the lateral tectonic stresses
through folding because of the rigidity of the underlying>basement, as
well as lack of a basal decollement horizon, and consequently shattered
and brecciated,(Fig;33). This hypothesis explaing the upward decreases
in brecciation, because the intensity of shattering could be expected
to be strongest at basal levels above the wnconformity. A genetic
relationship between the brecciation and the crossmfolding is also
suggested by the relatively‘minor role of brecciation in the Corella
Formation ih those parts of the Marraba Sheet area in which cross- -
folding is less commonly developed. A tectonic origin of the breccia
also readily exﬁlains the huge sizes of blocks in the mega-breccia,

It is conclﬁded that an origin of the breccia in conjunction with the
cross-folding phase accounts for the features associated with. the
breccias of the Corella Formation better than the two,other interpret-

ations.
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The cross=folding phase was apparently not the last tectonic _
movement which affected the Precambrian rocks. The Roxmere Quartzite
which overlies the breccias of the .Corella Formation was strongly
folded and faulted in both the Cloncurry and the Marraba 13100,000 Sheet
areas. Since the Roxmere Quartzite does not display brecciation except
at its base, its folding may represent a younger phase than the cross-
folding., Alternatively,. the quartzites were deformed during the
cross—-folding phase, but were brecciated because of thelr lithologic
properties and high stratigraphic position above the basal unconformity

of the Corella Formation.

Structure of the Corella Formation and Marimo Slate west of Snake Creek

The structure of this area is shown in Fig.26.

Folding: Tight to isoclinal folding is widespread in both
slate and sandstone members of the Marimo Slate. In slate along the
western margins of the Sheet fold axes plunges are steep (60-70°) to
north and south; in the Mick Creek Sandstone member fold axes trend
northwest and northrbut plunge at only 30 to 40 degrees. The variable
plunge directions to north and south indicate crossfolding about
northeast and east-northeast-trending axes; the plunge of these
crossfold axes in many cases appears horizontal or only shallow-
plunging, and the rotated, steeply plunging bek-fold structures occurr-

ing in the Soldiers Cap area do nobt appear to be present.

Cross-bedding in the southernmost anteform of the Mick Creek
Sandstone member suggests the structure is completely overturned. The
axis of the proposed overfolding trends northwest; the normal limb is
represented by the Robur sandstone block, and the overturned limb by
the Little Mick Creek block (Map 1)., .Prominent major faulting occurs

parallel to the proposed overfold axis.

Well-bedded sequences of Corella Formation limestone and marl,
which generally overlie calcareous breccia, form tight to isoclinally
folded synclinal belts, with some local overturning. Fold axes plunge.

to the north, except near Little Mick Creek, where they trend northeast.
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Faulting: PFaulting is prominent in the areas of Marimo Slate,
but less so in the Corella Formation. The Mick Creek Sandstone member
is fault-bounded in a number of localities; most of these faults trend
north and northwest and extend for at least 13 to 16 km. The zone
believed to be overfolded and faulted in the Bluebell mine area is
marked by massive quartz veining and iron and‘manganese enrichment. The
fault plane dips at 700 to the northeast,.and is probably a moderately
high angle reverse fault. A block of Mick Creek Sandstone member is
faulted against a syncline of Corella Formation just east of Copper
Canyon; slickensliding and grooving along this fault line suggests low

angle reverse movement in a northwest-southeast direction.

Zones of silicification are common in slate, and represent
major faults or zones of microfracturing with no major disruption.
These zones could represent reactivated lines of weakness in oldex

basement rocks.

The Problem of the Cloncurry.0verthrust: This structure was
first described by Honman (1939), who postulated upward movement of the
Soldiers Cap Formation and consequent removal of the Corella Formation
from it. The "Overthrust" was described by Carter et al. (1961) as a
high-angle east-dipping reverse fault, and the contact between the
Corella Formation and Soldiers Cap Formation has been shown'by them as

faulted in the area immediately west »f Snake Creek.

The present mapping suggests there is a rapid increase in the
thickness of breccia across the "Overthrust" zone from east to west;
there is also no suggestion of a faulted contact between basalt of the
Soldiers Cap Formation and breccia of the Corella Formation. These
features are possibly best explained by monoclinal flexuring (in the
sense east flank up) along a hinge line coincident with the present-day
course of Snake Creek. Moveﬁent along this zone appears to decrease

northwards and increase southwards in the Duchess Sheet area.

some high-angle reverse faulting, overfolding and local
low-angle reverse faulting does occur in the Little Mick Creek-Coppen
Canyon area, about 1 to 2 km. west of the "Overthrust" zone. Most of
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these faults etc. trend north and northwest, and could be related to the
"Overthrust" marked by Carter et al. (1961) in the far southwest of the
Cloncurry Sheet and in the Iuchess Sheet.

It is hoped that further mapping in these areas during 1970 .
will elucidate the nature of the contact between the Corella Formation
and Soldiers Cap Formation, . and establish the existence or otherwise
of the Cloncurry Overthrust. . It is suggested that the term
"Overthrust" be discarded in favour of "Reverse Fault" or "Flexure"

wherever these structures are established.
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VI. METAMORPHISM

Metamorphic facies zones

The Precambrian outcrops in the Cloncurry 1:100,000 Sheet area
afford the study of well-defined metamorphic zones ranging from the
middle greenschist facies to the lower amphibolite facies. The trans;
ition between the various facies zones takeS'place-aCroés the strike,
and the isograds are consequently subparallel to the structural trénds
(Fig.26). The metamorphic assemblages of the pelitic’meta-sediﬁéhts

within the Soldiers Cap Formation define the following facies zones:

- Middle greenschist facies:~ This zone is defined by the
occurrence of biotite-muscovite parageneses in the pelitic and arenaceous
meta-sediments, albite-tremolite assemblages in the calc-silicates, and
actinolite-sodic plagioclase assemblages in the metabasites. The
distribution of these rocks is confined tc the two upper units of the
Soldiers Cap Formation, and broadly coincides with the synclinal

zones (Fig.26).

~ Upper greenschist facies:~ .This zone is usuvally very
narrow, and occurs between the garnet isograd and staurolite isograd.
It is defined by the garnet-biotite assemblage in pelitic meta-sediments.
Because of its narrowness, this zone was not plotted on the metamorphic

facies map (Fig.26).

~ Lower amphibolite facies (staurolite-almandine subfacies of
the amphibolite facies, Fyfe, Turner and Verhoogen,,l958):- This
facies zone comprises staurolite-garnet assemblages, andalusite-garnet
assemblages, and less commonly staurolite-garnet-andalusite assemblages.
Biotite, muscovite, sodic to intermediate plagioclase, and quartz are
ubiquitous major constituents. The distribution of this facies zone
is confined to the Snake Creek Meta-turbidites and to the uppermost
part of the Weatherly Creek Quartzites.

The staurolite-almandine subfacies represents the highest
metamorphic grade in the Cloncurry Sheet area. The grain size of the
porphyroblasts displays a progressive. increase towards the core of the
Snake Creek Cross~fold (Figs 30, 31) where the meta-sediments are ex-

tensively veined by quartz. The greenschist-lower amphibolite facies



Fig. 30. A coarse-grained andalusite porphyroblast: in garnet andalusite
schist of the Snake Creek Meta-turbidites. Sandy Creek section.

( aa/2329)

Fig.31. Staurolite-garnet schist of the Snake Creek Meta-turbidites,
Sandy Creek section. (GA/2778)
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range is also represented by the calc-silicates anhd the para-~amphibolites
of the Corella Formation,mainly by the transition from tremolite-bearing
assemblages to diopside- and hornblende-bearing assemblages. The rise
in the metamorphic grade of the basic meta-~igneous rocksis reflected

by the development of horxnblende instead of actinolite, and by the

increasing anorthite content of the plagioclase.

The lower amphibolite facies zone can be divided into two sub-
zones, characterized by the staurolite-garnet and andalusite-garnet
assemblages respectively (Fig.26). The significance of this division

to the metamorphic conditions will be discussed later.

Metamorphism of the pelitic rocks

The sequence of crystallization upon prograde metamorphism of
the pelitic assemblages, as suggested by the textural relationshlps, is

as follows:

(1) Muscovite and biotite. In many instances the muscovite

appears to have crystallized after the biotite.
(2) Garnet.
(3) Staurolite and andalusite.

(4) Chlorite, representing retrogressive metamorphism.

The usually independent occurrenée of staurolite and anda-
lusite may possibly reflect their dependence on different host-rock
compositions. Staurolite is typicalibf iron-rich and potash~poor
aluminous assemblages (Turnerrand Verhoogen, 1960, po545); and occurs
within a rather restricted pressure/temperature range (Deer et al.,
1962, p°158) conditions which do not apply to andalusite. The 7
development of staurolite requires slightly higher pressures than those
for andalusite, which may provide yet another explanation for the
relative scarcity of staurolite compared with andalusite in. the
Cloncurry Sheet area (Fig.26). The presence of staurolite, almandine,
and andalusite, and the apparent. absence of phases such as. kyanite,
cordierite and anthophyllite, which are consistent with the temper-
ature conditions of the lower amphibolite facies, indicate the

pressure conditions under which the rocks were metamorphosed. Thusy
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following the classification.of metamorphic facies belts by Zwart et
al., (1967), the occurrence of andalusite and the absence of kyahite
define the metamorphism as of the low pressure.type. Miyashiro (1961)
did not consider staurolite as a possible component of low-pressure
metamorphic facies series. However, Turner (1968, p.211) described
the occurrence of staurolite in the hornblende hornfels contact
aureole of the Santa Rosa granodiorite, Nevada., The stability field
of the almandine-staurolite-andalusite paragenesis on the PT diagram
is plotted after Hoschek (1969, p.214) in Fig,32, from which a
temperature range of approximately 5500-64O°C, and a pressure range of

approximately 2-6 kb can be deduced.

The prograde metamorphism of the sediments involved meta-

morphic reactions such as the followings:

3 Muscovite + 5 prochlorite. & 3 biotite + 4 aluminous
chlorite + 7810, + 4H,0 «.. (1)

Muscovite + silica == K~feldspar + andalusite + water ... (2)

5 chloritoid + 2 quartz == 2 staurolite + 1 almandine
+ 3H,0 ... (3)

Chlorite + muscovite + garnet = staurolite + blotite +

quartz + vapour ... (4)

The applicability of reaction (3) to the rocks of the Soldiers
Cap Formation, however, is doubtful because of the complete absence of
relic chloritoid, which could be eipected to be present, had the stauro-
lite developed at its expense. Another problem is posed by the common
replacement of biotite by garnet and staurolite, which does not conform
to the above reactions, as well as by the replacement of biotite by

muscovite.

Retrogressive metamorphism is evidenced by .the development of .
chlorite flakes with their (001) planes at high angles to the schistosity,
or parallel to the fracture cleavage which is clearly younger than the
flow-cleavage (e.g., sps 69200056, 69200057, 69200075). Little or no
alteration of the almandine or the staurolite is apparent. It is con-
cluded therefore that retrogressive metamorphism was of a local
significance only, and was presumably associated with restricted

shearing effects.
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Metamorphism of the Corella Formation

The principal constituents of the calg-silicate rocks of the
Corella Formation are calcite, dolomite, quartz, sodic plagioclase,
tremolite, diopside, biotite, sphene, microcline, muscovite, epidote
and scapolite. The original sediments from which the cale-silicates
have been derived were probably siliceous dolomites and limestones,
marls, aﬁd limey silts, including calcite, dolomite, quartz and clay
minerals (inéluding magnesian clay minerals, e.g. montmorillonite).
The diopside-tremolite-albite assemblages (para-amphibolites) which
abound in the Corella Formation presumably represent soda and magnesia-
rich aluminous marls. Thg formation of the present assemblages

probably involved reactions such as:-

5 dolomite .+ 8 quartz + H
+ 7C0, «ee (5)

20 = tremolite + 3 caloite»

Tremolite + 3 calcite == dolomite + 4 diopside + CO

2
+ H20 oe9 (6) l
Tremolite + 3 calecite + 2 quartz = 5 diopside + 3092
+ B0 eoe (7) '

The tremolite-albite para-amphibolites were probably formed

from clay minerals through transitional phase minersls such as paragonite

and chlorite. The occurrence of rims of blue-green hornblende around
the tremolite, ‘as well as the partial replacement of tremolise by
diopside, indicate a transition from the greenschist facies to the
amphibolite facies. Although no mineialogical pressure indicators
occur in the calc-silicate rocks, the apparent lack of cleavage and
evidence of shearing indicates low-pressure metamorphism. Evidence
of this form of metamorphism is indirectly supﬁSrted by the absence of
garnet and the scarcity of epidote. The abundant sphene present in
the cale-silicate rocks and the paramamphibolf%éé, probably formed

through reaction of driginal detrital ilmenite with caleibe and quartz.
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Metamorphism of the basic igneous rocks

Basic meta-igneous rocks occur within the middle greenschist,
upper greenschist, and lower amphibolite facies zones of the Soldiers
Cap Formation, and rarely in the Corella Formation. They provide,
therefore, suitable material for. the study of mineralogical changes
with rising metamorphic grade, a subject to be dealt with separately
(Appendix II). The basic meta-igneous assemblages consist mainly of
amphibole (actinolite and/or hornblende), plagioclase (composition
range between albite and labradorite), minor quartz, sphene, ilmenite,
and magnetite; epidote is an important constituent of metabasites within
the middle greenschist facies zone, but is rather uncommon within the
higher grade zones. 1In the Soldiers Cap Fofmation'no relics of
original pyroxene or olivine -are present, and the calcic plagioclase
grains are clearly recrystallizéd and clouded remmants of the 6rigina1
feldspar. By contrast the dolerite plugs in the Corella Formation
contain abundant clinopyroxene relics. Igneous textures are usually
well preserved in the meta-gabbros and the meta~dolerites, but are
normally obliterated to varying degrees in the meta-basalbs, suggesting
a relationship between grain'size and the degree 5f retention of
original texture. The metamorphic reactions which affected'the

original basic rocks are of the following typess-

5 pyroxene + water == actinolite + 3Ca0 + 2 quartz ... (8)

4 Pyroxene + A1203 + H,0 ==hornblende + 20a0 + quartz  (9)
4 actinolite + 5 anorthite + H,0=5 hornblende +

3Ca0 + 7 quartz (10)
8 anorthite + 4 albite + H20 =>4 anorthite + 4

albite + 2 zoisite + 2 quartz + A1203 eo (11)
Ilmenite + Ca0 + Siozzstz'Sphené + FeO ees (12)

Reaction (10) represents the transition from the greenschist
facies to the amphiboliﬁe'facies, and is represented in the actual
assemblages by the occurrence of rims of hornblende around cores of

actinolite.
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Cleavage systems and metamorphic phases

The relationships between the metamorphic minerals, metamorphic
cleavages and structural elements throw light on.the stfuctural and meta-
morphic evolution of the Precambrian series. Both flow=cleavage '
(schistosity) and fracture-cleavage (strain-slip cleavage) are present
in the. Soldiers Cap Formation, and calcareous schist of the‘Corella
Formation., The flow-cleavage system, defined by the lepidoblastic
fabric of the mica and the aligned fabric of the amphiboles, as well as
by the elongation and flattening of the granular components, is usually
subyertical and subparailel‘to the bedding. It may be concluded that
the flow-cleavage developed after the isoclinal folding, but prior to
the croséefolding which caused the deflection of the flow-cleavage along
with the bedding. The flow-cleavage is. only rarely associated with b-
axisvlineafion of contemporaneous origin. Such a lineation set is
developed near the Gilded Rose mine, where the flow-cleavage is micrd-
folded on subhorizontal axes. Lineations resulting from the inter-
section of the flow=cleavage by the fracture-cleavage set are almost
ubiquitous in the Soldiers Cap Formation, and arercharaoterized by
steep plunges. The orientation of this lineation set throughout the
Soldiers Cap Formation indicates an criginal steep northerly dip of the
fracture cleavage set. The fracture' cleavage set usually strikes at
high angles to the bedding, and is deflected by the cross-folding. The
observed growth of chlorite along fracture cleavage planes associates
this cleavage with retrogressive metamorphism, which mst have preceded
the cross=-folding. A second episode of prograde metamorphism, which
post-dated the cross-folding, is implied by the metamorphosed state of
dykes of dolerite which cut across the Snake Creek Cross-fold (section
V). It is very likely that this phase was also responsible for the
metamorphism of the Corella Formation, the metamorphic assemblages of
which indicate the lower amphibolite facies. The law pressure type of
the second phase of prograde metamorphism is indicated by the very weak

development of cleavage in the Corella Formation within the Sheet area.

In summarizing the metamorphic history of the Precambrian

rocks, the following phases can be defined:-
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(1) Prograde low-pressure metamorphism reaching the lower
amphibolite facies, and associated with the development

of a flow-cleavage set.

(2) Weak retrogressive metamorphism associated with the

development of a fracture cleavage set.

(3) Prograde low-pressure metamorphism, reaching the lower

amphibolite facies and affecting the Corells Formation.

(4) Retrograde metamorphism and alteration of parts of Corella

Formation.

.The relationships between metamorphic grade, stratigraphy and
structure, as outlined earlier, clearly point to.the control of meta-
morphic grade by depth of burial. Consequently, in as much as metamorf
phic grade can be used as an approximste indicator of stratigraphib
depth, it follows that the Snake Creek Meta-turbidites are not only the
stratigraphically lowermost rocks in the Cloncurry 1:100,000 Sheet '
area, but also in relation to the wider region covering the eastern part
of the Marraba 1:100,000 Sheet area.
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VII. _ MINERALIZATION

The Cloncurry 1:100,000 Sheet area ranked as the main gold
producer in the Cloncurry District during the late part of the 19th
century and the early part of the 20th Century; Both alluvial placer
deposits and vein ores are present in the area; . Reported ore product-
ion ﬁp to 1968 amount to 7384 tons, from which 7396 oz. of gold were
recovered (Table 1) The area is also a minor producer‘of coppexr,
which in several prospeots includes gold as a by-product. Small
dep051ts of tungsten, cobalt, 311ver-1ead and blsmuth are known in the
area. The dlstrlbutlon of the more important mines in the area is |
shown in Map . A comprehen31ve survey of the mineral . occurrences,
as they were deveioped in the forties, was conducted by offlcers of the
Aerial, Geologlcal and Geophy31cal Survey of Northern Australia (Honmwn,
1936b, Honman et alo, 1939). The survey included detail mapping of the
mine areas, agsays, and geophysical measurémentso . Beecause of the
emphasis of the present survey on regional mapping, as well as the in-
accessibiiity of the underground sections of the abandoned mineral .
workings, 1ittle can be added to Honman's observations. The pufpose
of this séction is to review the geological features with which the
mineralization is associated, and to discuss the relationships between
mineralization and the structural and stratigraphie features, A |
review of the past mineral production of the area, based on reports
included in the Annual Reports of the Queensland Depar%ment bf Mines

(Tables 1 and 2) is provided.

Gold mineralization

Auriferous ores in the Cloncurry 131.00,000 Sheet area have
been discovered in twe principal zones, namely the Soldiers Cap area and
the Gilded Rose belt, which are situated in the Toole Creek Meta-.
volcanics and the Weatherly Creek Quartzites respectively (Map 1).

QOther centres of gold mineralization are the Bull Creek area and the
Pinnacles (Map 1). Important alluvial gold deposits have been worked
at Pumpkin Gully, and to a much lesser extent at Blasks Gully (Map 1).
The major source of alluvial gold in the early days‘was Top Camp,
situated in the northern part of the Duchess 1:250,000 Sheet area, near

the junction of Two Mile Creek with the Cloncurry River. The following
description is based largely on work by Honman et al., (1939), with
additional observations by the authors.



46

Soldiers Cap area.

M. Freda: A detailed survey of this reef was conducted by
Honman (1936a). This lode occurs within a vein of quartz and quartz-
hematite breccia 400 metres long and up to 10 metres wide emplaced _
along a fault. The fault displaces amphibolites, slates and quartzites
of thefToole'Creek Méta-volcanics, the maximum displacement being 130
metres. The strike of the country rocks is between NlOOE—N200E; ﬁhd!
the dip between 650-85o east. The lode strikes\between EW and s75°w;
and dips south at 700o The richest ore occurs where the lode is '
truncated by a cross-fault at a low angle. The 6ross-fault is assoc~
iatedrwith carbonates. The finely disseminated gold has been mined
mainly in the oxidized zone., The primary ore in depth consistsfof
quertz, calcite, and minor pyrite. The maximum depth of the workings
is'40 metres, and the gold content in the main shoot averages 7 dﬁt
per ton.

‘The Canteen: The prospect consists of quartz veins with
vugs filled with iron oxide, forming a crescent~shaped zone 270 métres
long and 3 to 10 metres wide which is conformable with the bedding of
the surrounding rocks.' The country rdcks consist of amphibolités and
silicified slates of the Toole Creek Meta-~volcanics. Malachite |
staining is common in the reef. Carbonate rocks abound north of the

mineralized zone.

Comstocks The prospect consists of lenses of quartz with
iron oxide inclusions and emplaced in joints and fissures in quartzite
near the boundary of a concordant amphibolite. Sitratigraphically the
prospect is situated near the boundary of the Weatherly Creek Quartzites
and the Toole .Creek Meta=volcanics. The bedding strikes NlBOE and
dips 75o east. Faults oriented at high angles to the strike occur

noxrth and south of the reef respectively.

_ Falcon (formerly Rose andzThistle): This lode has been des-~
cribed by Rands (1895), Ball (1908), and Honman et al., (1939). The
reef consists of lenses of quartz located in altered gquartzite near its
contact with stratiform amphibolite of the Toole Creek Meta-volcanics.
The strike of the lode is NS aﬁd the dip 75o west ., The main ore shoot

runs approximately 100 metres along the strike, and its average width



HBLE 1

REPORTED 6OLD PRODUCTIOR OF IRDIVIDUAL REEFS AMD MIMES IN THE CLONCURRY,SHEEI AREA.

{loforaation derived from the Qld. Mia. Dept. Aan. Reports)
Year 1943 1942 1941 1940 1939 1938 Priop to 1938 . Tota) Production
Ore(tons) TYield{oz) Ore(toos) Yield{cz)  GOre(toss) Tieldloz)  Ore{tons) Tield{oz) Ore(tons) Yield(az) (Ore(tons) Miela{oz) Ore(tons) Yield(oz) Period Total Ore Total Yield Average Grade
: (tons) (c2) (dwt/ton)
Brilltant —_ — - - - —_ 148.8600 92,7400  1935-6 148, 8600 92,100 12,5
British Lion _ —_ _— - —_ _ 5.0000 2.5000 - 5.0000 2.5000 10.0
Grance - 9.085 0,519 - 6T L8 - - 270 1000 - WHGS 2.3 15.0
Constock{Australian) - — — — — — 109,000 209.1300 1905 + 1932-35 108, 0700 208.1300 10,4
Falcon — - - — 19,1587 15,1000 - 178,00 2550 1816 197,9687  240.6700 6.5
Slengarrie - - - —. - - 20000 1.8 - 2,000 1,800 2.2
Glden Stone — - <7 - - - 1600 220 - 2.0000 2.5000 11
Gilded Rose Area — - 1402425 203,.7189 136,202k 47,1792 203.2436  190,0829 - 5136.8100 5932.10000 1875-1936 5616. 5885 §473.0810 Fx i)
Great Australia —_ 238, 6663 11.0808 8.0204 . 2.2691 - -_ 32,5600 2,283+ - - — 279. 2967 15.6333 1.1
Little Andy - - - - -_ —_ 197,0006 24,0000 1905 197,0000 24,0000 .4
B Freda - - - 106.4138  21.3638 3350000 53,6151 —_ 24,5100 20,8100 1934 465,9238 95,7903 1
Kuntains Home 35,6164 0.2507 — —_ - - —_ — - —_— 36,6164 0.2607 0,1
Mugs for Luck - _ — _— —_ —_ 10,0000 0,400 193% 10,000 0.4706 0.9
Princess - _ —_ - - - 17,0000 19,4000 17,0000 19,4000 22.8
Rose & Thistle South — — —_— - . —_ 1140000  28.5000 Prior 1895  114,0000 28.50G0 5.0
Rose of Tralee - - - . —_ — 3.5000 2.1000 - 3.5000 2.1000 12,0
Ruthren —_ -_ _ - - _— 16,0000 6,3000 - 16.0000 56,9000 3.6
Scottish Chief — —_ —_ - —_ —_ 28.0000 4.0500 — 28,5000 4.0500 - 2.8
Toole Creek - — — 83061 1,693 20000 0,3082 — - - - 10.3051 2,088 5.6
Ueion Jack _ — - - - -_ S5,0000 1.5000 - 5.0000 1.5000 %0
Urundula — —_ - — - —_ 80,0000 130,000 Prior 1895 80, 0600 1409000 35,0
Sakeful - _ — — — —_ 5.0000 6, 5000 —_ 5, 0000 6. 5000 2.0
" TOTAL 35;51& 0.2607  247.7248 11.6027 148,3129.  205.9880 257,743 177.380% 59,4023 258.1922 32,5500 2,283 §108,3100  6731.6600 7384, 5707 7395.9674

* Only reported production figures are given in this table,

** Mo gold production has been reported later than 1943,
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is 0.7 metres. The oxidized ore consists of quartz, iron oxides,

carbonate, tourmaline, scheelite and mica. Sulphides oécur at a depth

of approximately 27 metres. An adjacent reef (Shamrock reef) occurring

NE of the Falcon reef is emplaced in amphibolites.

Castle Hill Reefs: This reef occurs 2.4 km. ESE of the
Falecon. It consists of Weakly'aufiferous quariz veins emplaced in and
folded with slates of the Toole Creek Meta~volcanics. The reefs oocur
in a tight synclinal axisl zone. They consist of qﬁartz and gossanous
vugs. A limited amount of work has been carried out on this reef, and
because of its size Clappison (in Honman, 1939) recommended further

prospecting.

Quartz reef west of the Bosca lode:  The quartz reef is
emplaced in a line of weakness in slates of the Toqlé Creek Meta-

volcanics. Amphibolites crop out about 40 metres east of the reef.

Prospect 1 mile south of Weatherly Trig Station: The lode
is emplaced along an EW fault in the Toole Creek Meta-volcanics, with'
slates and cherts forming the northern wall and amphiboliﬁes forming
the southern wall. These rocks are situated:in a synclinal axial zone,

and are highly contorted.

~ Iron Duke:. The quartz lode is conformable with the NS strike
of the country rocks, which consist of amphibolites and slate intercal-

ations of the Toole Creek Meta-volcanics.

The Jewel: The reef consists of quartz, caleite and ilmenite
and is emplaced along a contact of quartzite and amphibolite of the
Toole Creek Meta-volcanics. Traces of chalcopyrite are present in the

reef,

The Brilliant reefs (Bull Creek Group)

These reefs are located 17 km. SB of Cloncurry. They consist
of conformable quartz veins emplaced in amphibolite near an amphibolite-
guartzite-boundary in the Weatherly Creek Quartzites. The bedding
strikes approximately EW and dips 53o south. A NS-striking fault occurs
217 metres west of the reefs. The reefe include a pocket of scheelite.

Siderite, malachite, ilmenite, wolfram and bismuthinite are minor
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constituents of the reef. = The two principal reefs in the area strike
EW and dip 300-45O northward. Both gold and copper have been derived

from these lodes.

The Pinnacles

The reefs occur south of the Pinnacles; a group of rugged
hills of breccia of the Corella Eormation. The reefs consist of lenses
of quartz'with seams of iron oxide, and are conformably emplaced in.
schiéts of the Toole Crgek Metafvolcanics, striking NSSQE,and dipping
steeply‘nérthward. |

The Gilded Rose

The Gilded Ro§e reef has been the most important prqducer_of
gold in the Cloncurry District up to the thirties, by which time a total.
of 5136 tons of ore had been mined, to yield 5932 ocunces of gold (Honman,
et al., 1939). Surveys of the mines were carried out by Jack (1898),
Rands (1895), Shepherd (1931, 1932), and Honman (1936b). The prospect
consists of a parallel set of auriferous quartz veins with a maxinmum
width of 1.3 metres, emplaced conformably in garnetiferous pelitic ‘and
arenaceous schists a short distance north of a stratiform amphibolite.
The reef strikes approximately ST5°E for about 1000 metres, and dips 75°
south. At upper levels of the lode the gold is associated with ironm
oxides, which grade into sulphides in depth. Theé richest parts‘df the
lodes are at the junction with transverse faults which strike N70°E.

The Gilded Rose reef was worked at numerous 1ooalities along the strike,

the deepest‘shaft descending to a depth of 50 metres.

Copper mineralization

Copper is the single mineral mined in the Cloncurry Sheet area
at the present time, and although the ares as a thle ranked as a minor
copper producer, the. great number of small shows and the association of
many of the copper deposits with avriferous mineralization, account for
the interest taken by earlier workers (mainly Honman et al., 1939 ) in
the distribution of copper mineralization in the area. The Great
Australia copper deposit discovered by Ernest Henry in 1867 was the
first major mineral occurrence found in the Cloncurry District. Sub-

sequently, numerous small copper and copper-gold ores were worked in the



TABLE 2.

REPORTED COPPER PRODUCTICK OF IXDIVIDUAL EIRES IN THE CLONCURRY 1:10C,000 SHEET AREA, -
(iaforsation derfved from the Qld. ¥in. Dept. Aan Reports) *

1368 1967 1966 1963 1962 ' 1957 195

Naze of Bine ) :
Ore(tons)  Yisld({tons,Cu) Ors(tons) Yield(tons.Cu) Ore{tons)  Yield(toas.Cu) Ore(tons) Yield{tons.Cu)  Ore(ions) Yield(tons.Cu)  Ore(tons)  Yield(toms.Cu) Ore{tons)  Yieid{tons.Cu)

Apine 56,8759 3.6480

Blue 8ell 224.9255 7.4192 )

dosca , .

Brilliant . . : . . .
Chance

Eagle Hawks 11,5597 0.8470

Eider Lady Uichelle ]

Gr 25,7226 2.17589 17,3842 . 17413

Glory Hole 30,5761 2.0223 ) :

Great Australian 1482. 4289 80.6121 618,881 35,7523

{ron Duke .47 £,3953 393, 4442 26,8326 547.2933 32,1947 . /

LY.L, _ 267.4255 13,3165 1157483 6,735% 3.9933 0,3814 6.,0960 0.4023 59,3574 27,2280
Jacky Jacky . ,

Jasper 7.3880 1,1503 132,7€08 5.3988 i

Joker (01d Joker) 110, 3441 5.4793 267,7533 13.4518

Jubilee 386,8372 31,7581 440.9643 38,2454 136.5773 18,0389 120.1071 9,2045 276,9946 - 24.7001
Kangaroo Rat 9, 4459 2.2805
Ringfisher .
Llosas

dorguret

Baria Lall 23,9914 1.3952 12,2168 0.8678

Uaty . : ' .//

dav orzhae

Bediniay

et

faomy Jirothy 48,9064 2.0470

found ‘orman 73.2435 5.5360

uniein doge Laird

fountain Cueen R ) .

Kew Xaon ' : 3.557 0.2134
Pinnacle 7.5518 0,3072

Raggedy 53,7413 1,4165

Rabur 25.7648 1.8706

Three Johns

Toolz Creek

Trough : . .

Victory ' . . 26,9821 2,131 ih,4707 2.4300 34,8845 1.8017

T0TAL 2830.8579 171.0525 1362,888% 91,5738 1624,1302 88,1096 1'20.1071 9,2045 313,4226 28,1137 50,5661 2,8323 57,9030 15,353

* Only reported production figures are given in this table,



Table 2. i 2

1955 1954 1883 - 1952 1938 - 1948 (inc.) Prisr to 1938 TOTAL  PRODUCTION
Yane of Hine Ors(tons)  Yield{tons.Cu)  Ore(tons) Yield(tons.Cu) Ore(tons) Yield{tens.Cu)  Oreltons)  Yield(tons,Cu) Ore(tons) Yield(tons,Cu) Ore(tons; ¥ield{tons.Cu} Partod Ore{tons)  Yield(tons,Cu) Ly
Alpine . 58,8759 5.6480 9.6
§lue Bell 0,205 0,850 5.4725 06785 &1 0.8706 WLEIR 081 0
Bosca . ' 31,3082 7.1449 1928-30 31,3092 11448, 22.8
Brilltant 1406796 11,3819 1935.36 10,6798 11,3818 8,1
Chance §.2536 0,4509 ' 45,4722 6.5245 50.7268 6.9754 13.8
Eagle Hawk - 11,5587 0.8470 .3
Elder Lady #ichelle 36,8355 10,7599 1905-34 36,8355 10.7598 29,2
Gar ’ ' . 43,1068 . 3.9182 8.1
@or; Hole ' . 1015,4484  138.6738 30,5161 2,0223 . 6.6
Great Australlian 8.0360 0.391 : 3425,0934 255.7293 6.5
lran Luke v 1017.1853 63,4226 6.4
1AL, 66,6770 4.1715 63.8800 1.2607 5.3522 0.6327 88,8109 18,7431 192931 677.2886 58,8886 8.7
Jacks Jacky - 5,000 0.5575 1935 5.000 0,555 1.1
Jascer ) . 14,1488 6. 5491 L3
Jeker {014 Joker) . - ) 84,7411 20,5847 1927.29 462.8385 39,5158 8.5
Jubileer e [ LT (5 =i / 5,879 0,4583 1370.4564 122,4083 8.9
Kangarcs Rat ) . . 9.4459 2,2805 24,1
Kin;fishar . 46,2067 3.6347 8.2024 1.4361 T 5,463% 1,0913  1908-28 59,8725 6.1521 10.3
Llsras : . 2.0000 0,500 1907 2.0000 - 0, 5000 25.0
argaret . . 5.9218 0.8113 . 5.9218 0.8113 13.7
lizria Dell . . 42,2082 2.2630 6.2
tata ' 14,0000 4,30000 1904 14.0000 +4,3000 30.7
Y2y Srahas 60,0000 18,0000  1905.5 - 80,0000 18.0000 30.0
. licKinlay . . 0,5000 0,1600 Prior to 1906 0, 5000 0.1€00 32.0

leteor . 2,169 0,1583 23,0000 17,0000  1904.5 . 25,1690 7.1583 28.4
lount Darothy . 48,9064 2.0410 42
wuat Horcan : ! 13,2435 6. 5960 9.0
Yauntain Home Laird 131,6308 21,4126 61,8700  18.7491 183,5008 40,1617 20.8
wourtain Queen 24446 0.1582 1929 L 2,4448 0,1582 8,5
a2 Loen 13.8387 0.3598 . 17.3958 0.5732 3.3
Pinrcle 2.5019 0.8072 12.0
cognely ) N 59,743 1,4165 .4
Pobur R ' 25,7648 1.8708 1.3
Three Jehns ' 21,5000 1,9000 1905-6 7.5000 1.5000 25.3
Toole Creek - 8,3051 0,5608 8.3061 0.9608 11.8
Trough ’ ' . ’ 12,0000 3,6000 1806 12,0000 3, 6000 30.0
Victory 22,5364 1.9232 20,4237 11553 23,8288 3,9828 2,0000 0,3800 Prior to 1908 175.3856 14,1061 8.9

ToTAL 93,5610 6,1456 870082 8,4655 87,6701 17,5507 . 22,3700 2,650 1231, 9091 172,3658 578,1543  124,9702 8576,5540 123.5087
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Sheet area, particularly in the Mount Norna and Soldiers Cap areas.

The reported copper production figures are tabulated in Table 2. The

total ore production reported to 1968 is 8576 tons, yielding 723 tons

of copper. In the following the principal geological featuras pfpthe

main copper deposits are taken from Honmen et al., (1939), and supple-

mented by observations " the authors.

Mountain Home lode (Mt. Norna):= This lode wes first déécfibed
by Jack (1898).» _The lode occurs in a prominent_quarpzitevnnge
ihﬂsi;icified'meta—sediments_of,the upper Snake Creek Meta~

‘tuxbidites. It stiikgs NNW,. and consists of altered ferruginous
duaftzifé intruded byrsmall veins of quarti arranged in en
e¢heioﬁ ﬁéttern, and impregnated by malachite, minor chalcocite

and cuprite.

Mount Dawson:-~ The lode is emplaced in a fault which displaces
quartzites intercalated in amphibolites at the base of the Toole
Creek Meta-volcanics, The bedding,sWings‘between”N40°W and
N60°W, reflecting the flexuring of the strata at the hinge of a
cross~fold. The fault,strikes.N750W and the displacement is 40
metres, The copper mineralization occurs in brecciated, silici-~
fied and quartz veined rocks along the fault zone, which méy€bé
up to 13 metres wide. Malachite,'azurite, chrysocolla and

cuprite are present, and are associated with abundant iron oxides.

The Joker (formerly The 01d Joker)s—',The oxidized :zone of the
lode consists of ferruginous breccia, quartz, limonite, and
malachite, The primary ore is lower in copper, and consists of
quartz, chalcopyrite and pyrite. The lode oscurs in a fissure
striking N18°E and dipping 80° wes*,and measurves approximately
120 metres along the strike. The country rocks consist of

amphibolites and quartzifes of the Weatherly Creek Quartzites.

The Elder (Lady Michelle)s- This lode is located at the éxial
zone of an eastward plunging c¢ross-folded syncline. The country
rocks consigt of mica schists, arenaceous schists and quartzifes
in the upper part of the Snake Creek Meta-turbidites . The beds
near the mine strike N80°E and dip 700 southov The lode consists

of quartz veins striking between NS and S30°W, and impregnated by
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malachite, azurite, cuprite and limonite. A thin gossan is_
developed at upper levels of the lode. The mine is being

‘ worked at present.

»

The Taird (Mountain Queen):- The lode occwrs within mica schlsts
of the upper part of the Snake Creek Meta-turbidites, Wthh
strike EW and dip steeply north, It consists of an 1rregular1y

~ shaped body of quartz impregnated by malachite and limonite. .

‘Mount Wheeler:- The léde occuples a shear zone w1th1n a band
of ferruglnous and carbonated slate 1ntercalated with amphl- _
bolites of the Toole Creek Méta—volcanlcs, " A thick s11101f1ed
gossan contalnlng chrysocolla, malachite and atauamlte is
developed. "' The ore body occurs south of the 1nterse¢tlon'6f

two faults.

The Bosca:~ The lode is located in contorted interbedded amphi-
bolites and slates of the Toole Creek Meta~volcanics, and
follows an amphibolite-slate contact.. It consists of quartz
containing gossanous vugs and malachite impregnations. . One of

the quartz veins is known to contain gold.

The Weatherly:- The lode consists of thin veins of:quartzgand
thin veins of quartz and;iron oxide stained with copper minerals,
and 6ccurs within a silicified slate intercalation," Both
coppervand gold havé been recovered from the ore. The country
rocks consist of NS striking amphibolites ard slates of the

Toole Creek Meta-volcanics.

The Wallade:- Malachite and finely dessiminated gold occur in
quartz-veined siliceous slate which is intercalated in amphi-
bolites of the Toole Creek Meta-volcanics, The Qountry rocks

are poorly exposed, and little structural detail is known.

The T.X.L.t= The lode is located in graphitic slate intercalated
in amphibolites of the Toole Creek Meta-volcanics., The slate is
veined by quartz, and includes siderite, calcite, malachite,

azurite and cuprite.

Lady Norman:-  Copper carbonates occur in a gossan developed in
an EW striking intercalation of slate in amphibolites of the

Toole Creek Meta-volcanics.
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Corbetts Gully:~ The lode consists of small malachite-bearing
quartz lenses emplaced in fissures in amphibolites of the Toole

Creek Meta-volcanics.

Thé.Ace.- The lode is located along the contact of amphibolites
and slate of the Toole Creek Meta~volcanics, and consists of

quartz and ironstones.

Copper occurrences in the Marimo Slate and quella Formation

A number of small copper occurrences are 1ocated‘ih the far
southwest of the Sheet area, about 12 to 16 km south of Roxmere home~
stead. Most are located‘in slate and silt of the Mérimo:Slate,‘and
are associated with zones of faulting, silicification and iron enrich-

ment. Brief descriptions of these mines follow:-

Blueﬁell and Duchenese No.4: The old workings consist of large
pitsland dozer scrapingé: mineralizatioh occurs‘in'narrow quartz
veinlets trending southeast, parallel to cieavage and bedding in
the wall rock, which is pale grey to purple silt. . Malachite
and chalcocite are present. Leases and Authority to Prospect

No.709 in this area are currently held by Valiant Exploration.,

Copper Canyon: This area embraces a ridge of grey to blgok
31ate 100 metres wide and 300‘ﬁetres long. Minor sc?apings
are scattered along the ridge. ‘Malaghite 1s present in small
(1 em %o 10 em.) quartz veins which are cross—cutting and sub-
parallel to foliation in the host slate. Secondary deposition
of malachite along joints and bedding is widespread; thin
coatingslof malachite up to 7 square metres cover rock faces.

The area is currently held under lease.

Dodge:  Disused workings consist meinly of irregular trenching
and some shallow pitting in the axial region of folded grey
‘slateo Beddlng trends SOubheast butk mlnerallzatlon is
localized in a zone 3 met;es wide trending south—southwest. The
series of mineralized qua;ﬁV veins are up to 2 cms thick, and
wall rock is extensively k%olinized. Malachite, chalcocite,
cuprite and hematite have Qgen noted.
4

1
{

a
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- Duchenese: This is an unworked mass of pyritic limonitic quartz,
The pyrite forms nodules up to 25 cms diameter in milky quartz,
and is associated with an unidentified yellow-green mineral.

& small floater of dolerite occurs in quartz scree surrounding

" the deposit. Host rocks are folded slates. No copper -
mineralization was evident, Yub the area is held under lease,
and covered by Authority to Prospect T09 held by Valiant
Exploration, Copper-iron mineralization is reported
(W. Presley, pers. comm.) in an area 600 metres southwest of

~this lease.

- Just Found: This is an old series of open pit. workinhgs and~
small shafts in a sequence of silt and sand conformable. with
limestone of the Corella Formation. Copper  occurs in masses

of fractured limonite and quartz veins which cut the bedding at -
a high angle. ILumps of chrysocolla are abundant in 11mon1te
gangue, with lesser amounts of malachite; an unidentified

“amorphous Khaki-green ooatlng occurs with some chrysocolla;'

Robur: These are old workings described briefly by Honman (1939 )
under the heading "Silver-lead deposiits". No silver-lead was

- .observed during the present survey, or by Honman, and copper
appears to be the only metal of importance. Mineralization,
ocours in a north-northwest trending ridge of highly jointed,
quartz-veined grey to buff siitétone. Chrysocolla is common in
small quartz veins, and maelachite, azurlte, ohrysocolla, cuprlte
and chalcocite occur in silicéois hematite. Small caves are
coated with supergene concentrations of malachite. A small
adit dug 13 metres into the ridge revealed a zone of sohisf 3

metres wide with centimetre-thick seams of malachite along joints.

In the scree slope and velley east of the ridge, phyllonite and
black siliceous hematite with malachite, ohrysocolla and’ cuprite
have been observed. Along the ridge 1.5 km. to the northwest
small scrapings in slate (?Robur North) contain chrysocolla

and malsachite.
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Great Australia: This mine, situated on the southern outskirts

of Cloncurry township, is described in Carter et al. (1961).

The north-trending intersecting fault system with which minerali-
zation is associated (Main Lode and Orphan Lode) is flanked %o
the east by siltstone and calcareous breccia of the Corella
Formation, and to the west by diorite or dolerite. The contact..
between breccia and siltstone dips steeply to the northwest.
Large tonnages of low grade siliceous ore with cuprite, mala-
chite and chrysocolla are presently "at gfass". Kbout 400
metres west of the main workings a further body of copper oré

| has been delineated; this body is mushroom-shaped, and plunges
gently to the north. It crops out as mineralized gossan near a
low east~trending ironstone ridge. The country rock is fine-
grained dolerite or diorite. Western Nuclear are currently
evaluating the mine, and early in 1970 renewed their option over
it.

Other areas of copper mineralization: About 700 metres southwest

of the Just Found show, traces of malachite and chrysocolla occur
in grey slate. The copper occurs in microshears subparallel to

bedding and cleavage, and extends along strike for about 7 metres.

A similar deposit with signs of some seraping occurs in black
slate 600 metres west of Bluebell show. Azurite and malachite
are present. The microfractured zone of mineralization trends
at a moderately high angle to bedding.

Other mineral deposgits

Small deposits of scheelite are known from the Shamrock Reef
(near the Falcon), the Falcon Reef itsélf, Comstock, Mt. Scheelite
Reef (one quarter of a mile west of Comstock); and the Brilliant
Extended Reef. Small lodes of cobalt, including cobaltite and eryth-
rite are present in the southeastern part of the Soldiers Cap area in
slates near a granite contact. Erythrite occurs in a garnet-bearing
ferruginous band located approximately one mile west of the Comstock »
mines Traces of cobalt have also been discovered in the Jewel.
Silver-lead mineralization has been reported from two areas, némely orie
mile west-southwest of Camel trig, and the Robur workings west of Snake

Creek. A small radiometric anomaly has been located immediately east
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of the Copper Canyon area, in a heavily ferruginized fault zone., Source

of the anomaly is unknown.

Origin of the mineralization in the Soldiers Cap area

In concluding their survey of the Soldiers Cap area, Honman
et al. (1939) pointed out to the preferential occurrence of the aurif-
erous and copper-bearing lodes along lower sﬁratigréphic levels of
the volcanic sequence. These authors further indicated the role of
faults in the control of mineralization, and regarded the granités as
the source of the ore-bearing solutions. The results of the present
survey are mainly in agreement‘with the above conclusions. In con-
sidering the origin and mode of emplacement of the gold and copper

deposits, the following observations are pertinent:

(1) The majority of mineral occurrences are concentrated in the

following stratigraphic zones:

(é) Several copper deposits are associated with the cross=
folds in the upper part of the Snake Creek Meta-
turbidites between Mt. Norna and Snake Creek (e.g.,
Mountain Home, The Laird, The Elder (Lady Michelle),

Columbia, Montana.

(b) The most important zone of copper and gold mineralization
roughly coincides with the upper levels of the Wéatherly
Creek Quartzites and the lower levels of the Toole Creek
Meta~volcanics (e.g. Mt. Freda, Falcon, Comstock, The
Jewel, Mt. Dawson, Brilliant, Gilded Rose, The Pinnacles,
Ace, Holly).

(¢) Copper and gold mineralization are also common at inter-
mediate and upper stratigraphic levels of the Toole Creek
Meta-volcanics (e.g., Iron Duke, Mount Wheeler, Canteen,
Kingfisher, Corbetts Gully, Castie Hill, Bosca, Weatherly,
Victory, I.X.L., Lady Norman).

(2) No ore deposits are known from the lower and middle stratigraphic
sections of the Snake Creek Meta-turbidites. As is suggested

below this lack of mineralization can be explained in terms of
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the higher metamorphic grade of the Snake Creek Meta-turbidites,
. but may also have_resulted from the.absence of volcanic rocks in

this formation.

(3) Amphibolite-meta-eediment contacts and slate intercalations in
\ amphibolite constitute favourable loci for gold and copper
minersalization. On the other hand, mineralization is relatively

uncommon within thick and continuous amphibolite bodies.

(4) Faults oriented at high. angles to the bedding may serve as important
loci of mlnerallzatlon, and thelr intersections with favourable
stratlgraphlc horizons result in places in high ore conoentratlons
(e8ey Falcon, Gllded Rose)

(5) The axial zones of fold structures may constitute favourable sites

for mlnerallzatlon (e, The Elder, Canteen).

(6) Both gold and copper mineralization are almost invariably associated
with quartz veins and silicification, and may be accompanied by car-
bonatlzatmOn and. less commonly by potash metasomatlsm, represent—

ed by the development of muscovite or biotite.,

(7) The quartz veins are little sheared and contain no metamorphic
constituents. It follows that mineralization may have post-dated

metamorphism°

(8) No gold mineralization is known from the Corella Formation which,

on the other hand contains numerocus copper shows.

(9)_Because»of the common association of gold with copper deposits, the

origin of these minerals appears to be genetically related.

(10) The copper enrichment usually takes place within the gossanous and
oxidized zones, and the grade decreases toward the primary sulphide

ZONe »

It appears from the foregoing considerations that the major
phase of mineralization post-dated both faulting, folding and metamor-
phism, and therefore may well have resulted from siliceocus emanations

assoclated with the graniftes. The ore-bearing sclutions percolated
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through weakness planes such as faults and amphibolite-sediment contacts,
with which the bulk of the mineralization is associated. In agreement
with Honman et al.'s (1939) conclusions, it is recommended that futire
prospecting invthe area should concentrate on low stratigrephiq,sections
of the volcanic sequences, partieulariy'where the latter arevtrnnoated.
by faults. | |

Origin of mineralization in the Marimo Slate and Corella Formation

Minerallzation in the Marimo Slate appears to be assoclated
with faulting, 31liclfication, quartz veining etc, All‘deposits are
located in highly cleaved slates and silts in favourable structural

locations, e.g. fold axial regions or in intersecting shears.

The origin of the mineralization is’c‘)bscureo ”In general an
obvious igneous source is 1acking;vgranite and.doierite are'scattered
through the area but only in the Great Australia and possibly Duchenese
mines .is there a close field relationship between basic intrusions and
copper mineralization. An alternative source for the copper is. the
: sequenpe_of.slate itself, which contains small amounts of pyrite,
graphite etec. over most of the Sheet area. However, no copper minerals
have been found dispersed in slate so far; slates in the Marraba Sheet -
to the west contain an average of 45ppm of copper, which is slightly
higher than average, but the mechanism of concentration into ore
deposits . is unknown. This postulate of remobiliZLng syngenetic
material, though attractive in the absence of obvious 1gneous sources,
is supported by little or no evidence, ' .

In most mines the mineralization occurs in rocks of low metaw
morphic grade, and almost certainly is synchronous with faulting and
folding of the Marimo Slate. Since the granites of the area appear to.
be post~-deformation and post-metamorphism, it is possible that they also
post-date'the Marimo Slate mineralization; there is also no evidence of
mineraliéation ground or near the margins of any of the granite intrusions,
Dolerite, on the other hand, is associated with major mineralization at
the Great Australie, and minor mineralization at various points in the
Corella Fermation. It is older than the granite, but appears to be
syn or post-metamorphic also. However, it has been postulated elsewhere

that tectonic activity in the belt west of Snake Creek may have initiated
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basic (and acid) igneous intrusion, and it thus seems possible that
mineralization in the Mgrimo Slate~Corella Formation may be due more

to basic intrusion than to any other source. In the Bluebell-Copper
Canyon deposits one needs to postulate the presence of dolerite at
depth, and this is a notable weakness in the argument for basie igneous

sources.

- VIII. GEOSYNCLINAL AND OROGENIC EVOLUTION

The earliest geological event in the development of‘the
Soldiers Cap belt is represented by the interbedded greywacke and slates
of the Snake Creék'Meta—turbidites, and possibly by the bléck slates and
the sandstones occurring as inliers under the Corella Formation west of
Snake Creek. The turbidite sequence represents sedimentation from
intermittent pulsations of density currents, inteﬁrupted by periods.in
which settling of fine muds predominated. Following Kuenen (1964),
the turbidites.probably correspond to the Alpine flysch and to modefn
deep sea sands. No igneou§ activity was associated with this sedimen-

tary phase.

The transition from the Snake Creek Meta-turbldltes into the
Wéatherly Creek Quartzite signifies the development of a stable shelf
environment in which deposition of well-sorted current-winnowed sands
took place. This change was concomitant with the initiation of,bésic
volcanic activity, involving the extrusion of basaltic lavas over
extensive tracts of the sea bed. The frequency of volcanic eruptions
progressively increased with time, and intermissions between successive
flows are represented by thin intercalations of cherts and pelitic
sediments, testifying to the stbaquecus nature of the volcanism. The
almost complete absence of pillow structures and amygdales in the meta-
basalts may indicate a low volatile content of the lavas. The volcanism
was assoclated with the emplacement of related sills of dolerite and
gabbro. The geosynclinal succession of the Soldiers Cap Formation thus.
displays an opposite trend of evolution to that characteristic of Alpine
geosynclinal sequence, in which the flysch stage succeeds the ophiolite
stage (e.g., Auboin, 1956).

The volcanic stage was followed by isoclinal folding of the

Soldiers Cap Formation on NS-trending axes, and by regional metamorphism
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which reached the staurolite-almandine subfacies of the amphibolite
facies. The regional metamorphism was of the intermediate low-pressure
type, and was associated with the development of flow-cleavages and
fracture-cleavage sets. The development of the latter: set may have
conceivably been associated with the development of the cross-folding,

discussed below.

The isoclinal folding and metamorphism were succeeded by a
general epeirogenesis and'by subsequent erosion, A younger phase of
submergence resulted in the deposition of marls, dolomites, limestones
and siltstones of the Corella Formation, which was suéceeded by the
depbsitiqn of sandstone of the Roxmere Quartzite. This cycle was
followed by the emplacement of'leucoc:atic granites, which were presums~_
ably the source of the gold and copper mineralization. The intrusion,
of the northern grénitic batholith is believed to have caused the.
extensive cross—folding of the Soldiers CaQ_Formation, as well as the
brecciation and the folding of the Corella Formation and the Roxmere
Quartzite. The cross-folding was followed by the intrusion. of dykes
and plugs of dolerite, and by a seoond-phase of iéw;pressure reglonal
metamorphism which accdunts for the metamorphism of the Corella
Pormation. Some dolerite plﬁgs possibly preceded granitevintrusion,
The possibility that the Corella Formation may have been metamorphosed
during the first phase of regional metamorphism is not likely, because
the metamorphic foliation in the Soldiers Cap Formatibn does not con~

tinue through the calc-silicates.

An elevation and denudation of the Precambrian series in pre-
Cretaceous times was succeeded by the deposition of Cretaceous conglom-
erates, sandstones and siltstones. Humid climatic conditions during
the late~Mesozoic or the Neogene resulted in the development of a -
lateritic crust underlain by silcrete. Blevation and erosion of the
area, which probably occurred during the late Neogene, resulted in the

configuration of the present terrain.




Fig. 33 A model of the structural and metamorphic development of the Soldiers Cap
belt, Cloncurry District, N-W Queensland (Not to scale)

(1) Isoclinal folding of the Soldiers de Formation

(2) Regional Metamorphism

3 SV NN Tt
Formation T%l RS L Blotite - IIVI!JsLolvlL' lolnel i
bOUﬂd(Ty F%\%/L \ ‘B;% o %}- :\Q}~
Isograd —« —.m.—- - =3 (I 0“‘?2, PR / Yo
3 ! T% . /] 45
IT | | ’\ \ . A LA !/1 l

Bls,

T nnnmnany Rarnrd 1970 /24 F54/02/22




59

ACKNOWLEDGEMENTS

The authors wish to thank the other members of the Cloncunny
party and the B.M.R. Canberra staff who assisted in the survey and in
the productlon of this record. Grateful acknowledgements are due to
Dr R. Dodson for his comments and criticism of this report to Mr P.
Crohn the supervisor of the project, to Mr ., Dooley for the
compilation of the mineral production data, to Dr G.AuM. Taylor and
Mr M. Brown for their comments, to Mr C. Slmpson for hlS advice con-
cerning photogeologlcal interpretation, to Mr W. Mathews (Western
Nuclear Pty Ltd), Mr P. Andrews, and Mr'D. Christmes ‘(both from
Australian Selection Pty Ltd) for the information, and to the owners
of the Ilkley and Roxmere stations for the permission to enter their

propertlesn
REFERENCES
AUBOUIN, J., 1965 -~ "Geosynclines". (Elsevier: Amsterdam).

BALL, L.C., 1908 - Cloncurry copper mining district. Qld Geol. Surv.
Pub. No.215.,

CARTER; E.K., BROCKS, J.He, and WALKER, KoRoy 1961 =~ The Precambrian
Mineral belt of northwestern Queensland. Bur. Miner. Resour.
Aust. Bull. No.hl.

DEER, W.A., HOWTE, R.A. and ZUSSMAN, J., 1963 - "Rock Forming
Minerals". (Longmans: London).

DERRICK, G.M., 1968 .- Reconnaissance in the Mary Kathleen—Cloncnrry.
area, July-August, 1968. Bur. Miner. Resour. Aust. Rec. 1969/9.

DERRICK, G.M., WILSON,‘I.; HILL, R, and MITCHELL, J., 1970 - Geology
of the Marraba 1:100,000 Sheet area., Bur. Miner. Resour. Aust,

(in prep.).

DUNN, P.R., PLUMB, K.A. and ROBERTS, H.G., 1966 -~ A proposal for time-
stratigraphic subdivision of the Australian Precambrian. J. Geol.

Soc. Aust. 13: 584593 Su



60

FYFE, W.S., TURNER, F.J. and VERHQOGEN, J., 1958 ~ Metamorphic

reactions and metamorphic facies., Geol. Soc, Amer, Mem. 73.

HONMAN, C.S}; 1936a - The Mt. Freda-Canteen area, Soldiers Cap,
Cloncﬁrry‘District. The‘Aérial, Geological and Geophysical Survey

of northern Australia. Report (Queensland No.l).

HONMAN, C,S., 1936b - The Gilded Rose area, Cloncurry District. . The
Aerial, Geological and Geophysical Survey of Northern Australia,
(Queensland No.2). '

HONMAN, C.S., CLAPPISON, R.J.S. and RAYNER, E.O., 1939 - The Soldiers
Cap area, Cloncurry District. Aerial, Geological and Geophysical
Survey of Northern Australia. Report (Queensland No.l8).

HOSCHEK, G., 1969 -~ The stability of sfaurolite and chloritoid and
their significance in metamorphism of peliti¢ rocks., Cont. Min.

JACK, R.L., 1898 - 8Six reports on the geological features of.part of
the district to be traversed by the proposed transcontinental railway.
Qld Geol. Surv. Bull. No.lO .

KUENEN, Ph.H., 1964 - Deep sea sands and ancient turbidites. In
"Purbidites" (ed. A.H. Bouma and A. Brouwer). 1-33. (Elsevier:
Amsterdam).

MIYASHTRO, A., 1961 - Evolution of metamorphic belts. J. Pet.2:
277-311. '

RANDS, W.H., 1895 - The Leichhardt goldfield and other mining centres
in the Cloncurry District, Qld Geol. Surv. Publ. No.104.

RICHARDS, J.R., COOPER, J.A., and WEBB, A.W., 1963 - Potassium—argdn )
ages on micas from the Precambrian region of northwestern Queensland.
J. Geol. Soc. Aust. 10: 299-312.




61

SHEPHERD, S,R.L., 1931 =~ Gilded Rose and Pinnaoles'érea, Cloncurry
District, Qld Govt Min., Jour., XXXII,

SHEPHERD, S.R.L., 1932 - The Gilded Rose area at Cloncurry., Qld
Govt Min., Jour. XXXIIT.

SHEPHERD, S.R.L., 1933(a) =~ Mount Freda, Soldiers Cap, Cloncurry -
District. Qld Govt Min. Jour. XXXIV.

SHEPHERD, S.R.L., 1933(b) - Comstock mine, Soldiers Cap, Cloncurry
District. Qld Govt Min. Jour. XXXIV.

SLATYER, R.C., 1964 =~ Climate of the Leichhardt-Gilbert area. In:
C.S.I.ROIand Research Series No.ll.

TURNER, F.J. and VERHOOGEN, J., 1960 - "Igneous and Metamorphic
. Petrology". (2nd ed.) (McGraw-Hill: New York).

TURNER, F.J., 1968 =~ "Metamorphic Petrology™. (McGraw-Hill: New
Yoxk).

ZWART, H.J. et al., 1967 - A scheme of metamorphic-facies for the
cartographic representation of regional metamorphic belts.
I1.U.G.S. Geological Newsletter No.2: 57=T72.




APPENDIX T

~

Petrographic descriptions of specimeﬁs from the Clencurry 1:100,000
Sheet area.

The list of contents is given on page ii.

ABBREVIATIONS
Crypt. - Cryptocrystalline (€0.01L mm)
Mic. - Microcrystalline 0.01-0,05 mm)
F.g. - TFine-grained 0,05-0,3 mm)
M.g. - Medium-grained 0o3~ 3,0 mm
C.g. =~ Coarsé-grainéd  (3.0-10.0 mm
Vicege - Very coarse-grained (10 mm <)
SPe - Specimen
tr. - trace

est. ~ estimated

Specimen numbers:
13 BMR. Number EYear,'project number, serial number)

2) Field Number (Sheet, run, photo, peint)

Specimen localities:- Plotted on the geological map (in pocket), as
the serial number only (e.g., for 69200064 only 64 is given).
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A, META-SEDIMENTS
(1) ~META4SILISTONES

sp. 69200027 (C15-52-7)

Definition:- Spotied biotiteéfeldspar-quartéésericite meta—siltstoﬁé

(3133)

Hand-specimen:- Off-white to 11ght grey slate, spotted by f.g. o m.g.
dark prismatic minerals.

Microsection:~ ‘The rock consigts’ of aggregates of crypt. to mic,
sericite, quartz and feldspar.  Weak'compositional banding with
quartzo-feldspathic bands altérnating with micaceous bands is
apparent. Aggregates and iselated flakes of f.g. bietite (z -
yellowish brown) are common, and are in many instances accompanied. .
and replaced by tourmaline (z - bluish green) F.g. to m.g. o
pseudomorphs of rutile and opaques-aftér (?) ilmenite account for
the visible spottlng of the rcck. - Iren stalnlng alcng cracks is
commen .

Mode (est.):~ Sericite 45%, Quartz and Feldspar (plagloclase)4q%,
Biotite 10%; Tourmaline, rutile, opaques 5%.

Petrogenesisi~ The rock is a low-grade metamorphosed pelitic sediment,
which underwent alteration precesses resulting in alteration of the
biotite, development of tourmaline, and pessibly replacement ef
original ilmenite by rutile and iron ere.

SD. 69200029 (c15-52-15)
Definition:= Black meta-31ltstone/élate (BlS )

Hand—spe01men. Black to dark grey siltstone show1ng crude follatlon.
Some bands show fine white spetting. ’

Microsection:~ The rock consists ef cryptocrystalline opaques (black
in reflected light), as well as of aligned streaks and lenses of
aggregates of mic. - f.g. quartz and feldspar. Two foliation sets
at low angle to one another are defined by these elongated
aggregates, as follows: (1) A foliation defined by the ‘smaller
quartzofeldspathic streaks (0.1 mm), and (2) a foliation with
which larger quartzofeldspathic aggregates (0.3 mm) are aligned.
Sericite, altered biotite, and submicroscopic clouding are
assoeciated with the feldspar.

Mode (est ):= Crypt. opagues 55%; Feldspar, Quarts 4% Mica, 5%.

Petrogenesis:~ The rock is a low-grade metamorphosed black carbenaceous
and/br pyritic shale, which underwent at least twe stress phases,
and shows a fine segregation of quartzofeldspathic aggregates. The
abundance of quartz and scarcity of mica may indicate secondary
silicification of the rock.



sp. 69200034 (C15-52-36) |
Definition:- Muscovite-biotite-quartz laminated meﬁarsiltstone(Bls ).

Hand-specimen:~ Finely lamlnated and cross- lamlnated grey to black
meta~giltstone., ’

Microesection:~ The roéck con81sts of a moderately well foliated _
assemblage of mic. biotite, muscovite and quartz. The biotite
flakes are usually coarser grained and less well aligned than the
muscevite scales. The ‘quartz grains are mostly equidimensienal.
Finely disseminated opaques and epidete form accessery censtituents.
The banding results in variatiens in the amount of bletite and
opaques . :

Mode (est.):=~ Q,uartz 45%, Bietite 30%, Muscovite 20%, Opaques 5%

Petrogenesis:-= The high percentage of quartz and the cross-lamination
indicate that the original rock was a siltstone. Metamorphism
resulted in the development of aligned muscovite and biotite in
this order, as well as in the recrystallization of the quartz.

8D 69200056 (014 74-36) . _
Definitien:- Chlerite-veined muscov1te~quartz meta-311tstone (BlS )
Hand-specimen:- F.g. light-grey finely cleaved uniform meta—31ltstone°

Microsection:~ The rock consists of a unifeorm aggregate of mic.
granular quartz, well-aligned mic. muscovite (se;icita), and .
finely disseminated crypt. opaques. Veins of well-aligned
aggregates of mic. ferroan chlerite are very common, with the
(001) planes of the chlorite.lying parallel to the vein walls.

Mode (est.).- Quarﬁz 60%%; Muscovite 35%; Chlorite and opaques 5%.

Petrogenesis:~ The rock is a metamorphosed siltstene.

sp. 69200057 (C14-74-39)
Definitien:~ Chlor1te~b1ot1te=muSCGV1temquartz crenulated spotted
meta~-siltstone (BlS ).

Hand-specimen: - Phylllte banded in light grey to black, with m.g.
porphyroblasts of chlorite aligned parallel to a fracture cleavage
set., . The sedimentary banding, flow-cleavage and fracture c¢leavage
are eriented at angles to each other.

Microsection:~ In thin-section the rock consists of mic. quartsz,
undulatory foliated mic.-f.g, biotite (z -~ deep brown) and mic.
muscevite. In places the flow-cleavage is shear-folded. The
muscovite scales are younger, and may develop at the expense of
the biotite. Epidote, rutile and opaques form accessories. The
sedimentary banding results from variations in the proportion of
biotite. M.g. poikiloblastic ferroan chlerite is developed with
the (001) planes parallel to the axial planes of the crenulation
(parallel to the fracture cleavage) The chlorite carries mic.
quartz inclusions.
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Mode (est.):- Quartz 40%; Muscovite 35%; Biotite 20%; Chlorite +
accessories 5%.

Petrogenesis:~- The rock is a metamorphosed prelitic sediment. The
development of fracture cleavage was associatéd with retrograde
metamorphism represented by the growth of chlorite at a discordant
orientation to the flew-cleavage, and parallel to the fraoture—
cleavage. :

SD. 69260075A (611-22-134)

Definitions- Chlorlte=b;et1te-muscov1te~quamtz spetted meta~
siltstone (BlS ). o .

Hand-specimens - Weakly-cleaved light grey meta-311tstone ‘with abundant
euhedral c.g. (up to 10 mm) perphyroblasts of chlorlte.

Microsection:- The rock consists of f.g. even-grained quartz inter-
spersed with mic. sericite and f.g. biotite (z - orange brown).
The mica is poorly allgned, and its orientation is commonly
determined by quartz grain beundaries. Opaques and tourmaline
are the main accessories, Micréeporphyroblasts of ferrean
chlorite are common and are.younger than. the mica.

Mode (est.):- Quartz 40%; Muscovite 30%, Biotite 25%; Chlorite +
accessories 5%.

Petrogenesis:- The rock is a’metamorphosed siltstone which reached the
biotite grade. The chlorite represents a late growth, presumably
asseciated with retrograde metamorphism.

sp. 692000758 (C11-22-13B) -

Definitien:- Chlorltemblot1te=ser101te=quartz spotted meta-
siltstone (BlS ). . .

Hand-specimen:~ A mottled barded meta-siltstene, showing elengated
green micaceous lensés densely set in an aphanitic white _
siliceous groundmass. The 1atio of mica lenses to the siliceous
material varies with the banding. .

Micresections= The green micaceous lenses and pabtches consist of f.g.
quartz and non-alignéd f.g. bietite (z - orange brown). The
interstitial siliceous matrix consists of crypt. to mic. quartz
and sericite. F.g. to m.g. microporphyroblasts and lamellar
bundles of ferroan chlorite are common, and are younger than the
mica. Opaques and tourmaline form accessories.

Mode (est.):- Quartz 50%; Sericite 25%; Biotite 20%; Chlorite and
accessories 5%.

Petrogenesis:= The rock is a metamorphically segregated lew-grade meta-
siltstone showing the effects of retregrade metamorphism.



sp. 69200078 (C12-60-25)
Definitien:- Banded calcmsilicate=meta—siltstone (BlC)

Hand-Speclmen.— Banded r®ck, 1nc1ud1ng dark aphanltlc bands,
Mege=Cege perphyroblastlc bands, and light-coleured bands.

Microsection:~ . The dark bands consist of aggregates of f.g. gran-
ular heavily-clouded carbonate and c¢lear carbenate, with which
lamellar altered bietite (z-yellew-orange) and chlorite are
associated. Granular quartz is cémmen. The porphyroblastic:
bands include m.g. prismatic pseudomorphs of calcite, sericite,
and quartz, after original ?plagieclase. The pseudemerphs are
set in an assemblage of f.g.~m.g. carbenate and quartz mesaics.
Porphyroblasts of biotite with abundant quartz inclusiens.are
commen. The light celeured bands consisf of mic. quartz and
feliated mic. sericite and f.g. bietite.

Mode:- Because the mode varies abruptly betwéen the various bands,
noe reliable overall estimate is warranted.

Petrogene31s The speclmen ig a me+amerphosed laminated marl—
siltstone-shale reék. The grade was presumably net higher than
middle greenschlst The primary nature of the phenecrysts is
not clear. N ' :

sp. 69200097 (C13- 1) .
Deflnltlen.a Carbenate-quartzmmlcrecl1ne-alb1te meta-81ltstone(310)

Hand-specimen:-~ Finely laminated and cxess=bedded grey to light-
pink fine-grained calc silicate.

Micresection:~ Thé rock censists of a unifermly textured aggregate
of mic. to f.g. feldspar (albite and microcline), quartz and
carbenate, accempanied by finely disseminated epaques, and miner
chlorite sphene and tourmaline. ~ The feldspar grains shew
irregulgr eutlines. Veins of m.g. quartz, micrecline and
carbonate (with quartz inclusiens), are present.

Mode (est.).~ Quartz and feldspar 70%; Oaxbonate 25%; Accessories 5%.

Petrogenesis:- The rock is a metamerpheosed lime-rich feldspathic
siltstone.




(2) PHYLLITES

sp. 69200025 (015-52-1)

Definition:~ Rutile-bearing albite- quartz-muscov1te crenulated
phyllite (BlS ).

Hand-specimens=" Fractured cleaved crenulated white phyllite, with red
hematite spotting. The fracture-cleavage truncates the flow—
cleavage at hlgh angles. .

Microsectiens= . The reck consists of mic, to f.g. muscov1te scales:
aligned with an undulating foliation, and mic. to feg. quartz and
albite grains and aggregates, usually elongated with the foliation.
Bands rich in' quartz or mica may occur. The miscovite may be re-
crystallized to sericite along fracture cleavage planes.
Disseminated opaques, rutile and teurmaline:occur as mineor constit-
vents, with the rutile usually forming. granular aggregates.

Mode (est.):- Quartz and albite 45%, Muscovite 45%; Opaques (malnly
hematite) 5%; Rutile 5%.

Petrogenesis:- The rock is a low-grade metamorphosed shale, yielding
evidence of two stress phases. An original high tltanla content
is represented by the abundance of rutile. :

sp. 69200033 (C15-52-34)

Definition:- ' Biotite-quartz-muscovite spotted phylllte (BlS3)
Hand-specimen:- Light grey phyllite flnely spotted w1th blotlte.

Microsection:- In thin-section a well-foliateéd aggregate of crypt.-
mic. muscovite and quartz is shown. Mic. to f.g. (up to 1 mm)
microporphyroblasts of bietite (Z-red brown) aré very common. The
biotite flakes are usually elengated parallel to the schistoesity
of the matrix. (O00l) planes of the biotite, .on the other hand,
may be oriented at high angles to the schistesity. The foliated
miscovite is deflected areund the biotite. Opaques (elongated
parallel to the foliation) and apatite grains form accessories.

Mede (est.):- Biotite 15%; Muscovite 45%; Quartz 38%; Opaques,
apatite 2%.

Petrogenesis:- The rock is a metamerphosed shale correspending to the

middle greenschist facies. The development of biotite post-~dated
the growth of muscovite, and its common orientation at high
angles to the flow-cleavage reflects changes in the stress field.




[ ate et

sp. 69200037 (C15-52-43)

Definition:- Biotite~muscovitemmierocline~albite~quartz phyllite‘

(3133).

Hand-specimen:- Grey laminated phylllte, showing alterna+1ng flne
biotite~rich and quartzose bands .

Microsection:~ The rock consists of a mosaic of mic. quartz, micro-
cline. and alblte, and of welluallgned mlOo”fogo scales of
mscovite and biotite. Microporphyroblasts of muscovite may. be
oriented either parallel or at high angles to the cleavage. »
Tourmaline (Z-green) and finely dlssemlnated epaques form mlnor :
constltuents. B

Mode s - Blotlte 25%, MUScov1te lﬂ%, Quartz and feldspar 57%,‘ ,.El
Accessories 3%. o

Petrogenesis:~ The rock is’a’ metamerphosed s1ltstene which reached
the bieotite grade. «Twe generations of muscovite are presents
the first parallel and the second discordant with relation te-
the flow-—cleavageo -

sp. 69200051 (C14-T4-14)

Definition:~ Garnet~bearing andalusite-biotite-quartz-muscovite
porphyroblastic phyllite (BlS )

Hand-specimen:- Grey phyllite, w1th spotting by fogo blotli'e9 and
coarse~grained lentlcular,perphyroblasts of andalusite.

Microsection:~ The rock consists of a foliated micrecrystalline .
aggregate of quartz and muscovite, spetted by f.g. microporphyro-
blasts of biotite (Z-dark brown) which 'may be oriented at high =~
angles to the foliatien. A biotite with Z-greenish.yellow is
also present. The matrix is clouded by finely disséminated erypt.
opaques.  Zircon and ‘tourmaline are miner accessories.  The
andalusite porphyroblasts are very finely sieve structured, and
include inclusion of mic. quartz and mic.-f£.g., biotite, musce-
vite,garnet, and opaques. -~ Much of the blotlte is altered and
displays exsolution of iren ores.

Mode (est.):- Quartz 25%; Muscovite 40%; Biotite 20%; Andalusite lO%
Accessories 5%.

Petrogenesiss= The rock is a metamoerphosed pelitic sedimer* which
reached the garnet grade. Sequence of crystallization: musco-
vite, biotite, garnet, andalusite, Late alteration is apparen+
from the exsolution of opaques from the biotite.

sp. 69200059 (C13-36-1)

Definition:= Weathered garnet4b10tlte—ser101te-quar 7z meta-siltstone
phyllite (BlSl)

Hand-specimen:- Grey to light brown cleaved and lineated siltstone,
with- garnet porphyroblasts up to 1 mm in size.

R §



Microsection:~ The matrix consists of crenulated flow-cleaved mic.
quartz and sericite aggregates. Fine-grained microporphyreblasts
of weathered biotite are widespread, and are usually eriented with
their (001l) planes at high angle to the flow-cleavage. The
garnets are heavily replaced by hematite, mainly at the rims and
along. fractures.,

Mode (est.):- Quartz 35%, Sericite 35%, Biotite 26%, Garnet,
opaques 4%.

Petrogenesiss~ The rock is a meta-siltstone which underwent two
stress phases, and reached the gainet grade. Weathering is
represented by the exsolution of iron from the biotite and the
garnet.

sp. 69200061 (C13-36-9)
Definitiens- Carbonaceous garnet~quartz=muscov1te~crenu1ated
phyllite (BlSl) S

Hand-specimen:- Black strongly crenulated phylllte, with garnets up
to 2 mm acress.

Micresections~ The‘matrix'consists'bf"welléaligned elengated mic.
guartz and sericite, and is heavily clouded by finely disseminated
crypt. opaques. The flow=cleavage is strongly micrefelded and
shear-folded. Rods of f.g. epagues occur parallel to the feliat-
ion. F.g.-m.g. anhedral to subhedral porphyreblasts ef garnet
are sparsely distributed, and are associated with deflectien and
deformation of the matrix around them. The garnet is partly
replaced by hematite. Bietite ls an accessoery cemponent.

Mode. (est.):~ Quartz 35%; Muscovite.45%; Opaques 17%; Garnet and
biotite 3%. : '

Petrogenesiss~ The rock is a metamerphosed carbonaceous pelitic sedi-
ment which reached the garnet zone, and displays the effects of
two stress phases represented by a flew-cleavage set and a fracture
cleavage set. ,

sp. 69200074 (C11-24-18)
Definitiens Biotitemmuscovitewquartz crenulated phyllite (BlS').

Hand-specimen:- Well cleaved flnely lineated light grey phylllte,
with fine grey spots.

Microsection:= Micrescoepically, a foliated and crenulated aggregate
of mic., muscovite and quartz is reseolved. The quartz may occur
as mosaics in elongated peckets lying with their leng axes parallel
to the feliation., The dark spetting is preduced by clusters of
weathered biotite and epaques. Mic. tourmaline (Z-honey green)
is an accessory mineral.

Mode (est.):- Muscovite 45%; Quartz 50%; Opaques biotite and
accessories 5%.

Petrogenesis:2 The rock is a metamorphesed shale, displaying the effects
of two stress phases, represented by a flow~cleavage set and a
fracture cleavage set.



sp. 692000844 (C124-36-258)

Definitien:~ Garnet-biotite-muscovite-quartz laminated spetted phy-
1lite (BlS ).

Hand~-specimens- F.g. laminated phyllite, with light-green bands (a
few mm across) and whité bands (about one mm across). The reck
is densely spotted by f.g. bietite and garnet.

Microsection:= The light green bands censist of well-foliated and
crenulated mic., muscovite, and of granular quartz, end are spotted
by microperphyroblasts of biotite (% —yellow brown). The bietite
displays pleochroic haleés, and carries inclusiens ef quartz and
opaques. Subhedral f.g.~m.g. perphyretlasts of garnet are
develeoped at the expense of the mica. Inclusiens of quariz
abound at the central parts of the garnets. The white bands ars
rich in quartz, and have sharp beundaries with the micaceous bands.
Apatite is an accessory constituent., The feliation lies at low
angle to the bedding.

Mode (est.):- Quartz 4q%, Muscovite 40%, Biotite 15%, Garnet 3%,
Accessories 2%. :

Petrogenesis:i~ The reck was cellected from a geold mine, It represents
a metamerphosed interbanded shale-siltstene. Metamorphism reached
the garnet zone. The sequence ef crystallizatien was: Sericite,
bietite, garnet. '

sp. 69200084B (C12A-36-25B). . ,
Definitiens~ Chlorltevgarnetmblotltemquartz—muse@v1te banded -
meta-siltstone-phyllite (IP

Hand-specimens~ Interbanded meta=511t3t®ne"and garnetiferous light-
coleured phyllite. The flow-cleavage is oriented at a high angle
to the bedding. - : .

Microsectien:~ The meta-siltstone horizons display mésaics of quartz
intergrown with well aligned mic. muscevite and f.g. blotite,
accompanied by finely disseminated epaques. Sedimentary banding
is represented by thin micaceous laminae eriented at angle te the
flow-cleavage. The phyllitic bands censist mainly of feliated
and crenulated mic. musceovite, abundantly replaced by f.g.~m.g.
subhedral to euhedral perphyreblasfs ef garnet. Bietite, teur-
maline and epaques are accesseries. Chlerite is a minor censtit-
vent, and may -eccur as perphyreblasts which may carry 1nclusiens
of garnet. : - o '

Mede (est.):- Meta-siltstone bands: Quartz 75%, Muscovite 20%;
Bietite 5%. Phyllite bands: Muscevite 85%, Bietite 5%; Garnet
8%, Accessories 2%.

Petregenesis:= The specimen is a métamérpheSed banded siltstone=shale
reck which reached the garnet grade. Weak retrogressive meta-
merphism is repréesented by the chlerite, which appears te be
younger than the garnet.
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(3) PELITIC SCHISTS !

sp, 69200035B (C15-52-37B)

Definition:~ Garnet-staurolite-muscovite-biotite-quartz schist (BlSz).

Hand-specimen:~ White to light grey, strongly laminated, finé-grained
schist, with abundant f.g.-m.g. microporphyroblasts of biotite, and
a few microporphyroblasts of garnet.

Microsections~ The rock is composed of mosaics of granular mic. quartz,
well-aligned mic. scales of muscovite, and mic. to f.g. micropor-
phyroblasts of biotite (with pleochroic haloes) which are commonly
aligned parallel to the flew-cleavage, but in many instances may be
of discordant orientation. -The biotite includes abundant in-
clusions of quartz. Staurolite and garnet occur as rare m.g.
euvhedral poikiloblasts. & The staurolite is of pleochroic yellow
colour, and contains numerous irregular inclusions of quartz. The
flow=cleavage of the matrix is deflected around the poikileblasts.
Tourmaline, apatite and opaques. also form minor constituents.

Mode (est.):~ Quartz 55%; Muecovite 20%; Biotite 22%; Accessoiies 3%.

Petrogenesis:~ The rock represents a metamorphosed siltstone which
reached the staurolite grade. The sequence of crystallization-
suggested by the textural relationships is: Muscovite, biotite,
garnet and staurolite.

sp. 69200036B (C15-52-39B)

Definition:- Garnet-staurollte~muscov1temb1ot1te~quartz porphyroblastlc
schist (BlS ).

Hand-specimen:- Banded white and -grey f.g. schist riddled with m.g.
porphyroblasts of garnet and staurolite, and showing fine meta-
morphic segregation banding and microfolding.

Microsections- The microsection displays euhedral 16 subhedral porphyro~
blasts of garnet, and euhedral poikiloblasts of staurolite (riddled
with inclusions of quartz) set in a schistose matrix composed of mic.
quartz and aligned biotite and muscovite. The staurolite is
pleochroic (Z-yellow), and the garnet is partly altered by hematite.
Metamorphic segregation is represented by the development of mica-
rich bands., Weakly oriented matrix aggregates may be developed
at "pressure shadows" adjacent to the porphyroblasts. The
porphyroblasts may be developed in both quartzose and biotite-rich
bands, but the larger crystals appear to be preferentially associated
with the latter. The accessory opaques are mainly associated with
biotite~rich bands.

Mode (est.):- Biotite 25%; Quartz & Plagioclase 40%, Muscovite 15%;
Garnet and Staurolite 14%; Opaques 6%. :

Petrogene31ss- The rock is a metamorphically segregated schist, which
reached the staurelite grade. The sequence of crystalllsatlon is:
Muscovite, biotite, garnet and staurolite.
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sp. 69200036C (C15-52-39C)

Definition:- Garnet-bietite-quartz-staurolite sieve~structured
schist (BlSl)

Hand-spécimen:~ Medium-grained dark-grey biotite schist with abundanf
m.g.~C+g. (Up to 10 mm) prismatic and cross-twinned porphyroblasts
of staurolite, and m.g. (up to 2 mm) porphyroblasts of garnet.

Microsection:- The staurolite (Z-yellow) is highly poikiloblastic,
with irregular inclusions of mic. quartz which occupy up to 50%
of the crystals. The garnet is subhedral to euhedral, contains
numerous, inclusions of quartz, and is commonly entirely surrounded
by the stauroclite. Garnet crystals enclesed by staurolite are
typically surrounded by thin envelopes of biotite (Z-orange brown)
with the (001) planes of the biotite parallel to the boundaries
of the garnet. The biotite may occupy fractures in the garhet.
The porphyreoblasts. are set in a matrix of mic.=f.g. quartz mosaic
and of moderately well-aligned biotite. Garnet crystals included
in the matrix are commonly free of envelopes of bietite.  The
‘biotite shows pleochreic haloes.  Opaques form minox constituents
of the rock.

Mode (est.):- Staurolite (including quartz 1nclu81ons) 35%, Garnet
15%; Biotite 20%; Quartz 28%; Opaques 2%.

Petrogenesis:~ The reck is a metamorphosed pelitic sediment which
reached the staurolite grade. The sequence of crystallization:
Biotite, garnet, staurolite. Garnet is developed at the expense
of biotite. The growth of garnet resulted in the concentration of
biotite pushed parallel to-the boundaries of the growing porphyro-
blasts. A younger growth of biotite occurs in fractures in the
garnet . B

sp. 692000404 (C15-52-544)

Definitien:- Andalusite-bearing garnet—museov1te~staurollte=quartz-
biktite porphyroblastic schist (BLS,). , .

Hand-specimens—~ C. to v.c.g. porphyreblastic schist, with prlsmat;c
and twinned staurolite (up to 15 mm) and garnet (up to 3 mm) set
in a schistese biotite-~rich matrix. '

Microsection:=~ Sleve—structured twinned porphyroblasts of staurollre
(Z-yellow) and subhedral to euhedral garnet are set in a strongly
schistose basé of f.g.~m.g. biotite. The staurolite is riddled
by irregular and amoeboid inclusions of mic-f.g. quartz, except
for the crystal margins, which are almost free of inclusions. The
garnet crystals carry only little inclusions of quartz. The
biotite (Z-orange brown) contain pleochroic halees.  Minor
epidote, andalusite, tourmaline, and opaques are associated with
the biotite. Mosaics of quartz intergrewn with f.g.-m.g. biotite
are COIMON. Microfolding and deflection of the foliated biotite .
aggregates are common, particularly around the porphyroblasts.

Mode (est.):- Biotite 35%; Staurolite (including quartz) 20%; Masco-
vite 10%; Garnet 10%; Quartz 23%; Accessories 2%.
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Petrogenesis:= The rock is a metamorphosed iron-rich shale, which reached
the staurolite grade. Sequence of crystallization: Biotite, andalusite,
garnet, staurolite. :

sp. 692000408 (C15-52-54B)

Definition:~ Garnet-staurolite-muscovite-biotiteZquartz schist (BlSl)n

Hand-specimen:~ Laminated and cross-lamingted schist, with v;c.g.
porphyroblasts of staurolite, and medium-grained porphyroblasts of
red garnet. :

Microsections= The microsSection displays a well developed banding, with
the wvarious bands characterized by variations in minersalegy, moede,
grain-size, and texture. Mic.-f.g. biotite, mic.~-f.g. muscoevite,
and: granular mic. quartz are the chief compenents. Micaceous bands
consisting of over 90% mica alternate with quartzose bands. The
muscovite appears to be texturally younger than the biotite and in
seme bands is m.g. Sieve-stiructured subhédral c.g. staurellte

_(w1th inclusions of quartz) and euhedral to subhedral m.g. garnet
(partly altered by hematite) ate characteristic of certain biotite-
rich bands. The staurolite edcurs beth as peikileoblasts and as
crystals relatively frée of inclusions. Sphene, teurmaline, and
opaques are accessory compeonents. o

Mode (est ):- Biotite 35%; Muscovite 20%; Quartz 40%; Staurollte,
garnet, and accessories 5%..

Petrogenesis:~ The rock is a mefamerphicalliy’ segregated meta-sedlmenn.
Metamorphism reached thé staurolite gradé.  Sequence of crystalli-
‘zations Bietite, muscovite, garnet, staurelite.

sP. 69200041 (C15-52-55)

Definitions~ Staurelite-andalusite-muscovite lens in quartz-biotite
schist (BlS ).

Hand-specimen:- TF.g. garnet-bearing grey schlst, including leucosratic
lenses up te 5" across.

Microsections~ The schist consists of mic. grains eof quartz, well-
aligned mic.~f.g. biotite, and mic. flakes ef muscovite. The grain
size, texture and proportion of these coempénents vary with the
variovs bands. Biotite may alse form f.g.-m.g. microperphyroblasts,
wnich may be oriented at high angles to the flew-cleavage, and are
partly replaced by slender mic. séales of muscevite which parallel
the flow-cleavage. -~ Ferruginous chlerite, which may be replaced
by bietite, and opaques, are minor constituents.

The leucocratic lense shown in the thin-section displays a marginal
zone consisting of an aggregate of bladed f.ge.~meg. little-aligned
muscovite flakes. The cent?al part of the lense is occupied by
aggregates of lamellar crypt.-mic. sericite; partly replaced by m.g.—
Cc+&8+ subhedral porphyroblasts of andalusite, and to a lesser extent
m.g. porphyroblasts of staurolite and biotite., The andalusite is
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partly repiéced by sericite., - Hematite stalnlng along crysfal boun-
daries and cracks 1is very common.

Mode (est.) of leucocratic lense:- Muscovite 65%, Andalusite 30%;
Staurolite, Biotite 5%.

Petrogenesis:~ The lenses represent metamorphic segregation and possibly
potash metasomatism of staurolite~-grade schists:. The sequence of
crystallization appears to have been: Muscovite, biotite, andalusite,
staurolite, sericite. The sericite may represent late hydrothermal
alteration. '

rsp. 692000443 (015-52-613)' . N o

Definition:- Blot1te-chlor1te-quartzngarnet tremollte schlst (BlSl)

Hand-specimen:= M.~Cego garnet—amphlbole schlst w1th euhedral
porphyroblasts of pink garnet set in bundles of fibrous dark green
amphlbole. , .

Microsections - The rock con31sts of sheaf-like aggregates of MeZo=Ceo
tremolite, accompanied. by lamellar aggregates of aluminous chlorite,
biotite (Z-orange brown), and quartz, and abundantly replaced by

Mege=Cege (Up to 4 mm) euhedral perphyroblasts of garnet, pocked by
inclusions of mic. quartz, Needles of tremolite commonly occur as
inclusions in f.g.~m.g. quartz grains. The amphibole may replace
both the biotite and the chlorite. The chlorite is younger than
the biotite. Opaques are common accessories. The ¥ock: 1ncludes
a band of garnet-andalusite-biotite~quartz schist.

Mbde (est.):~ Tremolite 5C%; Garnet 25%; Chlorite LQ%, Quartz 1q%,
Biotite 4%; Accessories 1%.

Petrogenesis:=~ The sequence of crystallization is: Biotiteg chlorite,
tremolite, garnet. The magnesian composition suggests either a’
derivation from an ultrabasie rock, or strong magne31a metasomatism
of biotite schist.,

sp. 69200044C (C15-52-61C)

Definitions=- Quartz-staurolite-garnetmblot1te porphyroblastic
schist (B1S; ). o

Hand~-specimenz="C.g. porphyroblastic schist, with me~c.g. euvhedral
garnet (up to 6 mm) and staurolite set in f.g.-m.g. foliated
biotite-rich matrlx.

Microsection:~ The garnet is subhedral to euhedral heavily fractured,
and includes little inclusions of quartz. The staurolite occurs
as short sieve-structured prisms, pocked by uneven-grained quartsz
inclusions which may constitute up te 50% of the crystals. The
porphyroblasts are set in biotitic and biotite-quartz matrices.-
The bietite flakes (Z-red brown) are f.g. to m.g., well defined,
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moderately well aligned, and with abundant pleochroic halees. Musco-
vite and chlorite occur as minor constituents, and are elder and
younger than the biotite, respectively. ~Mosaics of quartz and
accessory albite are common. Apatite and opaques form minor
accessories., -

Mode (est.):- Biotite 40%; Garnet 35%; Staurolite 15%; Quartz and
Albite 8%; Accessories 2%.

Petrogenesis:- The sequence of crystallization is: Muscovite, biotite,
chlorite, garnet and staurolite.  The rock represents a metamor-
phically segregated pelitic meta-sediment enriched in iron, magne51a
and potash, and metamorphosed up to the staurolite grade.

sp. 69200044D (C15~52-61D)

Definition:- Garnet-staurollte-muscov1te-b10t1te-011goclase-quartz
schist (BlSl)

Hand-specimen:- Light grey to off<white banded f.g. schist, show1ng
pelitic and arenaceous laminae, and  including few m.g.-c.g.
porphyroblasts of garnet and staurolite.

Microsections:-= The rock consists of mic.~f.g. granoblastic mesaic of
quartz, and weakly to very well -aligned mic.-f.g. biotite and
muscovite. Metamorphlc segregation bandlng 1s represented by the
mica, forming comb-like textures. The arenaceous bands consist of
mic.-f.g. granular quartz, plagieclase (oligoclase) and biotite.

The muscovite is texturally younger than the biotite. Beth biotite
and muscovite are very commonly oriented at high angles to the flow
cleavage. The accessories consist mainly of finely disseminated
opaques. The staurolite (Z~yellow) and garqet are pocked by
inclusions of mic. quartz and quartz mosaics.

Mode (est.):- Quartz and plagioclase 60%; Biotite 20%; Muscov1te 18%,
Accessories (staurolite, garnet opaques) 2%.

Petrogenesis:~ The rock is a meta-sediment. showing alternating pelitic
and silty bands. IMetamorphism reached the staurolite grade, and
was accompanied by slight compositional differentiation, and by the
growth of porphyroblasts. Two stress phases are present.

-

sp. 69200048 (CL5-50-4)

Definitions:- Garnet—andalus1te-muscov1te-blot1te—quartz porphyroblastis
schist (BlS ).

Hand-specimen:- Mica-quartz grey schist with coarse—gralned porphyro=

blasts of andalusite (up to 15 mm), and m.g. porphyroblasts of pink
garnet.

Microsection:~ The schist consists of moderately well aligned f.g.
biotite (Z-red brown) and muscovite, intergrown with quartz mesaics.
The muscovite is clearly younger than the biotite. Andalusite
occurs as coarse-grained columnar discontinuous poikiloblasts,
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enclosing quartz and biotite inclusiens. Garnel occurs as m.g.
euhedral crystals, usually develeped at the expense of mica, and
may be engulfed by the andalusite, Epidote is a minor compenent,
and may be surrounded by pleochreic halees when occurring within
biotite. Patches of clay minerals indicate localised alteration
of the rock.

Mode (est.):- Quartz 40%; Biotite 25%, Muscovite 20 Andalusite 10%;
Garnet and Accessories 5%.

Petrogenesis:~ The rock is a metamorphesed'pelitic sediment, with
the sequence of crystallisation as follews: Bietite, muscovite,
" garnet, andalu51teo

sp. 69200049 (C15-50-13)

Definitions- Garnet-biotite~-muscovite-quartz-andalusite porphyro-
blastic schist (BLS;).

Hand-specimen:- Very coarse-grained cubic te short prismatic: perphyre-
blasts of andalusite are set in medium-grained twe-mica schist with
m.g. garnets., The schistesity is:deflected areund the perphyre-
blasts. : . . R

Micresection:~ The andalusite is finely sieve=structured, andis
pocked by mic. reunded to améeboid-shaped quartz. Inclusions of
f.g. to m.g. biotite and muscevite which are usually reunded and
embayed are very common. Nen-peikileblastic .andalusite is alse
present. The garnet is confined to the schist matrix, where it
occurs as euhedral m.g. porphyreblasts. = The matrix is cemposed’
of intergrown mic.-f.g. quartz and well aligned biotite and
muscovite, the latter being the yeounger phase. The muscovite is
also better aligned than the bietite.  Small=scale folding and kink
folding of the flow~éleavage is»widespread.‘» Opaques are cemmen -
accesseries. :

Mode (est.)s- Andalu31te 3Q%, Biotite 15%; Muscovite 25%, Quartz 25%9
Garnet and Accessories ﬂ%o,

Petrogenesis:~ The rock is a metam@rphosed pelitic sediment which
reached the garnet zone of the lew-pressure facies series. = The
sequence of crystallisation is: Bietite, muscovite, garnet,
andalusite, The growth of porphyreblasts was associated with
micrefolding.

sp. 69200099 (C14-76~42)

Definitiens= Garnet-chlorite-biotite-muscovite~-quartz sghist_(BlSl).

Hand-specimen:~ Light brown fine-grained muscovite schist, with medium-
grained to cearse-grained (up to 6 mm) phenocrysts of chlerite,
oriented at a high angle to the foliatien. Both flow-cleavage and
fracture~-cleavage are developed.
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Microsection:- The schist consists of an evenly-textured foliated and
crenulated aggregate of clear mic. quartz and well-aligned mic.msco-
vite and biotite, accompanied with finely disseminated mic. opaques.
The muscovite appears to be texturally younger than the biotite.
Ferroan chlorite (Z-light green) occurs as subhedral poikiloblasts
with mic., inclusions of quartz, and is usually oriented with the
(001) planes at high angle to the foliation. Inclusions of biotite
and opaques occur in the chlorite, which may be also intergrown with
the chlorite in composite flakes. Rutile is an accessory. Garnet
is a minor constituent, and is usually enveloped by biotite.

Mode (est,):- Quartz 50%; Muscovite 30%; Biotite 15%; Chlorite 3%;
Opaques, gainet 2%. ‘

Petrogenesis:~ The rock is a metamorphosed pelitic sediment which
reached the garnet grade. Retrospective metamorphism is represented
by the chlorite, and was presumably asseciated with the develepment:
of the fracture cleavage.

sp. 692000103 (014-76-49)

Definition:~ Garnet-andalus1te-ser1c1te=clln0201s1te-b1®t1te~plagloclasew
quartz schist (BlS ).

Hand- speclmen - Medium-grained feldspathic blotlte schlst, show1ng fine-
scale folding.

Microsection:~ The rock consists of quartzo—feldspathlc bands and of
biotite~-rich clinozoisite~bearing bands. Quartz-albite aggregates
occur as bands or lenses, and consist of irregularly-shaped f.go
quartz and untwinned albite. Augen of m.g. oligoclase are present.
The micaceous bands comprise well-aligned f.g.-m.g. biotite, f.g.
quartz and albite, and crypt.-mic. (?) clinozeisite. Sericite is
a common constituent, M.g. garnet, apatite, tourmaline, andalusite
muscovite, epidote, chlorite and opagues occur as minor congtitvents.
Microfolding of the foliation .is common.,

Mode (est.):- Quartz 40%; Feldspar 25%; Biotite 15%; Sericite 5%
Clinozoisite 10%; Accessories 5%.

Petrogenesis:- The rock is a metamorphosed pelitic sediment, which
reached the garnet grade., The feldspar has been clouded by (?)
clinozoisite. The sequence of crystallisation is: Sericite, °
biotite, andalusite, garnet. The chlorite is the youngest phase,
and represents retrogressive metamorphlsm.

sp., 692000106 (C15-50-28)

Definition:~ Garnet—magnetite—albite-quartz~biotite'schist (BlS‘);
Hand- specimen.; Medium-grained biotite, w1th Co=VoeCoego euhedral
porphyroblasts of garnet.

Microsection:-.. The biotite consists of moderately-well‘aligned m.g.
biotite flakes (Z-yellow brown), set in a mic. groundmass of
quartz and feldspar, with scattered f.g. angular quartz grains.
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Red-like f.g. epaqués and mic. epaque grains are characteristic ef
the reck, and are finely disseminated in the bietite and the greund-
mass alike. The garnet centains inclusiens ef quartz and epaques.,

Mede (est.):- Bietite 45%, Quartz and Feldspar 40%; Opaques 13%;
Garnet 2%.

Petregenesis:- The specimen is prebably a metamerphesed basic reck,
possibly a basic meta-igneeus reck which underwent petash and

iren metasematism. Metamerphism is represented by the alignment
of biotite and the grewth of garnet.‘

(4) ARENACEOUS SCHISTS AND SEMI-SCHISTS

sp. 69200050 (C15-50-12)

Definitien:- Garnet-bearing bietite-mscevite-quartz meta-sandstene
schist (BlSl)

Hand-specimen:- Light grey fine-grained arenaceeus schist with m.g.
(up.te 1 mm) garnets.

Micresectiens~ Micrescepically, a uniferm mic.~-f.g. aggregate of quartz,
muscevite, and biéetite is reselved. The quartz grains ferm an .
interlecked mesaic with uneven grainsize. The bietite (z~brewn) and
muscevite are medeérately-well aligned, with' the latter constltutlng
the yeunger phase. Discerdant mica flakes, hewever, are net
uncomen. The garnet ferms f.g.-m.g. anhedral crystals. Apatite,
teurmaline (Z-blule green), and epaques are the chief accesgeries.
Rutile is dlse presént, and is surreunded by pleochreic halees when
occurring within bietite.

Mede (est.):- Quartz 45%, Muscevite 33%, Bl@tlte 20%; Garnet + Access-
ories 2%.‘

Petrogenesis:- The reock is g metamorphesed sandst@ne,which reached-the
garnet zene., The sequence of crystallizatien is as fellewss
Bietite, muscevite, garnet.

sp. 69200042 (C15-52£56)

Definitien:- Garnetnbearlng bietite~albite-quartz mud~flake bearing
meta~sandstene (BlSl)

Hand-specimen:- Dark-grey meta-sandstene, wiih thin discentinueus layers
and lenses ef light grey meta-silistene up te 3 inches in length.

Micresectiens~ Medium-grained irregular and embayed quartz grains are
se* in a matrix of mic.-f.g. quartz, anhedral f.g. plagieclase (albite,
An3), bietite (Z~orange brewn), and accessery garnet, muscevite,
chlerite, apatlte, zircon, and finely disseminated opagues. The .
garnet eccurs as f.g. subhedral te euhedral crystals. The bietite
scales are weakly aligned, defining a crude feliatien. The
plagieclase grains are usually twinned accerding te the albite law,
and are cleused by sericite te a miner extent. The general
texture cerresponds to that of recenstituted sandstene. The
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light-coloured lenses consist of aggregates eof mic. quartz and
plagioclase. -

Mode (est.):~ Quartz 45%; Plagieclase 33%; Biotite 20%; Access-
ories 2%. .

Petrogenesis:~ The rock represents a metamerphoesed mud-flake bearing
sandstone, with pockets of siltstene embedded in a quartz-
feldspathic sandstone. Metamerphism reached the garnet zene,
and was accompanied by little shearing.

sp. 692000444 (C15-52-61A)

Definition:~ Garnet-chlerite-bietite~tremolite-micrecline~albite~
quartz perrhyreblastic meta—sandstene'(Blsl).

Hand-specimens- Light grey fine-grained feldspathic quartzite, with
abundant m.g. to c.g. (up to 4 mm) pink éuhedral perphyreblasts
of garnet, and radiating aggregates of c.g. acicular amphibele.

Micresection:~ The rock consists of a granular aggregate of
irregularly=-shaped unevenly grained mice.~f.g. quartz, albite, and
micrecline. F.g.-c.g. discontinueus celumnar and needle~like
colourless tremolite, m.g. flakes of alumineus chlorite (Z-light
green), and euhedral porphyroblasts of garnet are commen. Mic.-
f.g. flakes of biotite and opaques are cemmen accesserles. Rutile
and apatite are minor constituents. The tremolite may be replac-
ed by chlorite. ;

Mode (est.):~ Quartz, Albite, Plagioclase 75%; Tremolite 15%;
Biotite, Chlorite 7%; Garnet and other accessories 3%.

Petrogenesiss= The rock is a potash~peer metamorphesed quaritze-
feldspathic sandstone, which pessibly underwent magnesia meta-
somatism resulting in the groewth of tremelite.  Sequence of
crystallization: Bietite, tremolite, chleorite, garnet. The
development of tremelite indicates a high lime to potash ratio.

sp. 69200053 (C14-74-27)

Definitiens~ Garnet-biotite-muscevite-quartz meta-greywacke semi-
schist (BlSl). .

Hand=-specimen:- Fine-grained grey arenaceous schist.

Microsection:= In thin-section the réck censists of a granular
aggregate of irregularly shaped f.g. quartz grains, and feliated
mic. miscovite. Mic.-f.g, flakes of bietite (Z-deep brown) and
fege=m.g. poikileblasts of garnet with quartz inclusions are very
common. Chlorite (ferrcan) and tourmaline (Z-dark green) form
accessories. .

Mede (est.):- Quartz 40%; Muscevite 30%; Biotite 8%; Garnet 5%;
Accessoeries 2%.

Petrogenesis:= The rock is a metamerphesed greywacke which reached
“the garnet grade.
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sp. 692000584 (C14-74-48)

Definitien:~- Tourmsline-bearing albite-muscevite=biotite~quartz meta=
greywacke semischist (BlSl).

Hand specimen:- Grey fine-gralned arenaceous schist, with light
coloured lenses up. te 7 mm.across. :

Micresectiont-~ The microséction displays an unevén-grained aggregate
of subangular mic.-m.g. quartz and plagieclase (albite)'set in a
predeminantly micaceous matrix of weakly aeigned mic. muscevite and
f.g. bietite. The bietite is léss well aligned than the muscevite.
Green teurmaline, with pleechreic rims surreunding pale celeured:
cores are commenly developed at the expense of biletite. Apatite,
zircon and opagues are the other cemmen miner cempenents present.
The general texture is similar te that ef grey-wackes, with m.g.
grains eof quartz and feldspar set in mié.-f.g. matrix. The white
lenses are caused by quartze-feldspathic aggregates accempanied by
little bietite. . S S S ‘

Mode (est.):- 'Quartz and Albite 65%; Muscevite 15%; Bietite 18%;
Accesseries 2%, = - L

Petrogenesis:~ The reck is a metameorphesed gréywacke, which reached
the bietite grade. The quartz and plagieclase grains appear te
present eriginal detrital grains. ‘

sp. 69200060 (C13-36-5)

Definitions- Albite-bietite-muscovite~quartz meta-greywacke
semischist (BlSl). . o o

Hand speciment- The reck is a brewn micaceous and feldspathic meta~
sandstone, shewing a weak schistesity. .= o

Micresectient~ .The rock.censists ef mic.-m.g. irregularly shaped and
angular gra,.ns. ef quartz, pelycrystalline quartz grains, and -
clouded plagieclase, set in a mic. matrix of feliated sericite,
weathered biotite (Z-orange) and mic. granular quartz. Pseude-
moerphous aggregates of f.g. bietite and fresh flakes of f.g.
muscovite are cemmen. Seme of the bietite is altered te ferrean
chlerite., Apatite is a minér accessery. Altogether, the matrix
censtitutes a third of the velume ef the.reck. :

Mode (est.):~ Quartz 45%; Albite 15%; Muscevite 25%; Biotite 18%
Accesseories 2%. ‘ S :

Petregenesis:~ The texture of the reock suggests it was derived threugh
the metamerphism ef. greywacke, which comprised quartz, feldspar
and lithic (pelycrystalline) grains embedded in a pelitic matrix,
The reock is slightly weathered,
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sp. 69200095 (012A-34_1)_

Definition:=- Tourmaline-bearing feldspathic quartzite (Bir).

Hand speciment- Light brOWn'Tinéngrained'quartzite, with lamination
and cross-bedding structures.

Microsection:- The rock consists of angular fragments of mic.-f.g.
qugrtz and albite, set in a crypt.<mic. quartzo-feldspathic ground-
mass, accompanied by minor opaques, tourmaline, and crypt. clouding,
and with abundant pockets of crypt. material (probably clay
minerals). :

Mode (est.):- Quartz 55%; Feldspar 2Q%, CLay 20%; Opaques and
Tourmaline 5%.

Petrogenesis:- The rock is an itmmetamorphosed feldspathic quartzite,
with the detrital texture preserved. Hydrothermal activity is
represented by the tourmaline, which is younger than the other
minerals. .

sp. 69200100 (C14~76-46) _
Definition:= Chlorite-microcline-albite-quartsz meta—sandstone(BlS ).

Hand specimen:- Light coloured fine-grained meta-sandstone, spotted
by m.g. chlorite flakes.

Microsection:~ The rock consists of an wequigranular, mic.~f.g. -
aggregate of quartz, albite, and microcline, accompanied by:
microporphyroblasts of ferroan chlorite (Z-green), intergrown
with biotite in composite flakes° Opaques, zircon and apatites
form accessories.

Mode (est.):~ Quartz 50%; Feldspar 45%; Chlorite 4%; Accessories 1%.

Petrogenesis:~ The rock is a metamorphosed feldspathic sandstone.
Retrograde metamorphism may be represented ‘by the chlorite.

5) CHERTS

sp. 69200080 (C12A-38-28)

Definition:~ Clinozoisite-quartz banded meta-chert (Blss).

Hand specimen:- Dark grey to black aphanitic chert. Fine-scale
banding is well developed.

Microsections- The rock consists mainly of mic. quartz and mic.-f.g.
clinozoisite. The quartz forms irregularly-shaped grains showing
undulatory extinction. The clinozoisite occurs as granular *
aggregates and euhedral prisms., A well-pronounced banding is
formed by variations in the concentration of clinozoisite, carbonate,
chlorite, and crypb. phases from aecessorles.

Mode (est.):~ Quartz T0%; Clinozoisite 28%; Accessories 2%.

Petrogenesis:~ The rock is a metamorphosed chert, which included line-
rich and alumina-rich bands. The primary mineralogy of these bands,
however, is not understood. :
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sp. 69200082 (C124~-38-31)

Definition:= Amphibole~quartz meta-chert (BlS3)°
Hand specimen:= Dark grey uniform chert.

Microseétion:- The rock consists of crypt.-mic. quartz, well-aligned
mic., needles of amphibolé (Z-green), and crypt.-mic. granular
leucoxene and saussurite. A nematoblastic.texture is well-developed.

Mode (est.):- Quartz 80%; Amphibole 12%; Crypt. constituents 8%.

Petrogenesis:- The rock is a metamorphosed recrystallized chert, which
included primary ferromagnesian constituents (e.g., chlorite).

sp. 6920010 (C15-52-73)

Definition:~ Tourmaline-veined graphitic chert (BlSS).

Hand specimen:- Black aphanitic cherty rock, heavily veined by white
and brown veins. . -

Microtextures- The rock consists of crypt.-mic. banded heavily clouded
quartz, and is véined by tourmaline (Z-yellow-orange)-quartz-albite-
veins, The veins incoude also crypt. brown mica aggregates and
f.g. calecite. The albite commonly occurs as euhedral twinned
crystals. Veins consisting exclusively of carbonate and of quartz
also occur.

Mode (est.):- Quartz 75%; Opaque clouding 15%; Tourmaline 8%; Albite
and Calcite 2%. : ’ , S

Petrogenesis:- The rock is a (?) graphitic chert, intruded by
tourmaline=-quartz-albite=carbonake veinlets.

(6) CALC-SILICATES

sp. 69200064 (C1l2a-36-8)

Definitions~ Sericitic-quartz-calcite bended meta-limestone (B1C).
Hand specimens- Weakly banded off-white to grey m.g. meta-limestone.

Microsection:~ Calecite is the major constituent of the light-coloured
bands and occurs as f.g.-m.g. anhedral grains displaying lamellar -
twinning and comprising mic.-f.g. quartz inclusions. The dark
bands consist of clouded mic. aggregates of quartz, sericite, and
submicroscopic constituents. The sericite scales are aligned,
defining a metamorphic foliation. Biotite (with exsolved opaques)
and discrete opague grains form accessories. Limonitic staining
is common. .

Mode (est.):- Calcite 50%; Quartz 30%; Sericite 18%; Accessories 2%.

Petrogenesiss= The white bands represent metamorphosed limestone which
included quartz grains and no dolomite. The sericitic bands repre-
sent shale intercalations. The grade of metamorphism appears to
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have been lower greenschist, for no alumino-silicates representing
the higher grades (e.g. tremolite, diopside) are present.

sp. 69200085 (L5-26-31)

Definition:~ Carbonate-biotite-quartz-scapolite calc-silicate (E1C).

Handrspeoimen:- ‘Banded rock, indlﬁdihg carbonate bands, and dark
aphanitic bands spotted with m.g. rounded scapolites.

Microsection:= The light-coloured bands consist of mic. t0 f.ge
carbonate, quartz, albite, microcline, anhiedral f.g. poikiloblasts
of scapolite, and minor apatite and mi¢. biotite. The scapolite
containg abundant inclusions of quartz. ~ Thé spotted dark bands
consist of lenticular aggregates of f.g.-m.g. poikiloblastic
scapolite, intervened by interstitial aggregates of mic.=f.ge
biotite (Z-khaki brown), and by minor carbonate. Quartz,
opaques tourmaline (Z-green), and apatite are common accessories.

Mode (est.):- (Dark bands): Scapolite (inc. quartz inclusions): 65%;
Biotite 25%; Carbonate 5%; Accessories 5%.

Petrogenesisg:~ The rock is a metamorphosed impure ferruginous dolomite,
which either contained original chloride, or was later metasomatized
by chloride-bearing solutions.

spe. 692000934 (C1l1-24-37A)

Definitions= Biotite~-quartz-scapolite-carbonate porphyroblasfic calc-
silicate (B1C). -

Hand specimens- Coarsesgrainéd'yellow to light green tetragonal prisms
are set in a light pink f.g. carbonate matrix. The prisms stand
out on weathered surfaces., o :

Microsection:-= The prisms constitute pseudomorphs of scapolite, com-
pletely replaced by crypt. to mic. sericite, quartz, and albite.
The sericite is aligned parallel to pre-~existing cleavage directions
of the scapolite. The groundmass in which the pseudomorphed
scapolite is set consists of anhedral f.g.~m.g. carbonate showing
lamellar twinning, irregularly-shaped quartz which often form in-
clusions in carbonate, and minor f.g., biotite and opaques.

Mode (est.):- Pseudomorphed scapolite 25%; Carbonate 40%; Quartz, albite
sericite 30%; Biotite and accessories 5%.

Petrogenesis:= The rock is a metamorphosed impure siliceous limestone,
which included primary or added secondary chlorides, which
accounted for the growth of the scapolite. Late alteration is
represented by the disintegration of the scapolite.:
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sp. 692000938 (C11~-24-37B)

Definition:= Albite-microcline-biotite-quartz-sericite-carbonate
calc~silicate (altered scapolite-bearing calc-silicate) (BiC).

Hand specimen:- Fine-grained calec-silicate, with grey-pink and greenish
patches and bands, and abundant veins of carbonate. White spots are
well displayed on weathered surfaces.

Microsections= The greénish patches congist of foliated mic. sericite
and biotite, of mic. granular quartz, of biotite (Z-light brown)
and f.g. carbonate. = The pink-grey patches are composed of f.g.
carbonate, quartz, microé¢line, albite, and minor biotite, ferroan
chlorite, and tourmaline. The chlorite is riddled with crypt..
rutile, and represents therefore altered biotite.  Opaques occur
as aggregates pseudomorphous after (9) magnetite, The sericite-'
biotite aggregates may be pseudomorphous after euhedral scapolite.

Mode (est.):- Sericite and biotite 35%; Quartz, microcline and
albite 30%; Carbonate 30%; -Accessories 5%.

Petrogenesis:~ The rock is probably a metamorphosed marl. . The pre=
existing scapolites have been replaced by Serlclte9 quartz, and
biotite. .

SPo 69200094 (c12- 62-26)
Definition:~ Biotite-albite-quartz-carbonate calc-silicate (B1C).

Hand specimen:- Lighb-coloured fine-grained calec-silicate, with grey
spots up to 4 mm across. . o

Microsection:~ . The light-coloured rock.consists of m.g. anhedral
carbonate showing well developed lamellar twinning, and of aggre-
gates of mic. quartz and serlcltlzed feldspar, accompanied by minor
yellow biotite (? phlogopite).  The 'dark patches are composed of
mice quartz and feldspar, well-aligned yellow biotite, and accessory
opaques. The biotite contains crypt. dark cloudlng, possibly of -
rutile. Apatite is a minor .component.

Mode (est.):- Carbonate 48%, Quartz and feldspar 40%, Biotite 10%;
Accessories Zh.

Petrogenesiss= The rock represents a metamorphosed marl.

(7) AMPHIBOLE-BEARING CALC-SILICATES

sp. 69200063B (013m36m123)
Definition:~ Sphene-rich tremolltenalbltemcalclte porphyroblastle
calc-gilicate (B10).

Hand specimen:~ Medium-grained light brown feldspathic and carbonate-
rich rock, with porphyroblasts of amphibole up to 4 mm across.

Microsection:~ The rock consists mainly of irregularly-shaped m.g.
calcite and of mic.~f.g. subhedral lath-like albite, which shows
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very slight clouding by a brown crypt. substance, and commén albite
twinning. The porphyroblasts of tremolité ranging from f.g. to
Ceg. ‘are usually xenoblastic, display narrow rims of blue~green
amphibole, and contain mic, inclusions of quartz, opaques, and sphene.
These constituents are also véry common accessories associated with
the calcite and the feldspar. Biotite and apatite are the other

accessories. The tremolite is younger than and developed partly
at the expense .of calcite. ..

Mode (est.):- Calcite 50%, Alblte 30%; Tremolite 15%; Sphene 3%;
accessories 2%.

Petrogenesis:= The rock probably originated through the metamorphism of
a dolomitic limestone with a pelitic comporient. Interaction of the
dolomite and the clay minerals resulted in the growth of tremolite.
The albite is probably derived from the dehydrated clay minerals,

sp. 692000654 (C12A-36-10A)

Defi?itiogz- Dolomite~edenite porphyroblastic lineated calc=-silicate
B1S.). o _ _
3

Hand specimen:= A wellualignéd'aggregate of coarse-grained (up to 10
mm) grey amphibole, and radiating bundles of amphibole set in and
veined by fine-grained.light-coloured.carbonate matrix.

Microsection:~ The -amphibole occurs as colourless f.g.=c.g. columnar
subhedral to euhedral prisms, which may display twinning, and is
abundantly clouded by dark crypt. opagues, mainly along fractures.
The amphiboles are usudlly well aligned in a nematoblastic texture.
Some bands are composed almost exclugively of amphibole. In other
bands, the amphiboles ate set in matrix of mic.-f.g. granular
carbonate accompanied by finely disseminated brown crypt. opaques.
The amphibole displays euhedral boundaries, and is clearly younger
than the calcite, On the other hand, veinlets of carbonate may
cut through the amphibole. Pseudomorphs of talc and ca161te

- Mode (est.):- Amphibole 60%; Carbonate 35%; Talc and opaques 5%.

Petrogenesiss~ The rock is a metamorphosed impure dolomite; the re-
action of dolomite with clay minerals presumably gave rise to the
amphibole. Late alteration is represented by veins of carbonate
and replacement of some amphiboles by talec and carbonate.

SDe 6920006531(012A=36~103)

Definition:- Edenite-dolomite porphyroblastic cale-silicate (Blss).
Hand specimens- Medium-grained grey well-aligned amphibole set in an
aphanitic matrix of carbonate.

Microsection:- f.g. 0 c.g. idioblasts of colourless amphibole are
set in a mosaic of mic.-f.g. granular carbonate showing widespread
lamellar twinning,  The amphiboles are invariably rimmed by thin
veneers of opaques. Chlorite and opaques are the chief accessories,
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Mode (est.):- Amphibole 30%; Carbonate 68%; Opaques 2%.

Petrogenesis:= The rock is a metamorphosed dolomite which contained
alumino-silicate impurities. The opaque rims around the amphiboles
may either represent late exsolution of iron from the amphlbole or
primary veneers by the growing magnesian amphiboles.

sp. 69200065C (C124-36-10C)

Similar to sps 69200065 a, b, Showing spotted cloudlng of the amphibole
by brown crypt. constituents°

sp. 69200066 (C124-36-104)

Definition:~ Carbonaceous amphibole~dolomite calc-silicate (BlS3),

Hend specimen:~ The rock occurs as lenticular aggregates of black
coarse-grained anhedral carbonate included in amphibole dolomite
calc-silicates. '

Microsections= The carbonate crystals are embayed and suturedg and are
heavily clouded by crypt. opaques. Pseudomorphs of talc and crypt.
opaques after amphibole, often including armoured relics of
amphibole, are present.. Veing of clear carbonate grains cut
through the rock. ~

Mode (est,)s- Carbonate 67%, Amphibole. 3%, Opaques 30%.

Petrogenesist~ The rock may represent carbonaceous concentrations in
the original dolomite. Alternatively, the clouding may be due to
secondary processes. : '

spe 69200069 (C11-24~T)

Definitions= Tremol1teamusuovite-quartzacarbonate porphyroblastic
cale-silicate (B1C).. AR . S

Hand specimen:= Porphyroblastic bands’shOﬁlng Mogo=CoZe Prisms of
tremolite embedded in f.g. ¢alecitic matrix, alternate with grey
aphanitic siliceous patches.

Microsection:= The tremolite crystals are developed at the expense of
granular f.g.-m.g., carbonate, and are in turn veined and partly
replaced by mic. carbonate. Lamellar aggregates of mic.-f.g.
miscovite and hematite~stained mica are common. Mosaics and
isolated grains of mic. quartz are widespread, with the grains
commonly displaying sutured boundaries., Much of the calcite is
spotted by hematite. Radiating aggregates of crypt.-mic. talc
are present,

Mode (est.):= Tremolite 5%; Carbonate 6q%, Quartz 20%, Muscovite 10%;
Accessories & Opaques 5%. -

Petrogenesis:- The rock represents a metamorphosed dolomitic limestone
with siliceous impurities. A late alteration of the tremolite by
calcite took place.
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sp. 692000798 (012-62-83)

Definition:- Chalcopyrite-rich apat1te-phlogoplte-quartz-tremol1te=
carbonate porphyroblastic para-amphibolite (BlC)

Hand specimen:- M.-c.g. porphyroblastic calc-silicate, with prismatic
light green amphiboles (up to 10 mm across) set in a white carbonate
matrix, accompanied with abundant m.g.-c.g. chalcopyrite. Veins
and lenses (up to several.inches long) of carbonate are common.

Microsection:- Tremolite (Z-colorless) forms subhedral to euhedral
columnar porphyroblasts, which are partly replaced by mic.=f.g.
carbonate, and may be riddled by mic. inclusions of quartz. The
groundmass consists of f.g.-m.g. anhedral carbonate, showing
abundant lamellar twinning, quértz, phlogopite, and clusters of
rounded apatite. The phlogopite (Z-light yellow) may be well :
aligned, and is usually associated with mosaics of f.g. quartz.
Rounded gquartz inclusions are common in the calcite. = The sulphides
appear as the youngest phases present.

Mode (est.):- Tremolite 20%; Carbonate 45%, Quartz 15%, Phlogoplte 13%;
Apatite 5%; Chalcopyrite 2%. :

Petrogenesis:~ The rock is a metamorphosed impure dolomite. The
sequence of crystallization as suggested by the textural relation-
ships is¢ Phloropite, apatite, carbonate, tremolite, sulphides.

The mineralization may have been associated with the nearby granlte
oceurrence . '

(8) PARA-AMPHIBOLITES

Sp. 069200062 (Cl3-36—13A)

Definitions= Sphene-quartz-diopside-tremolite-calcite~sodic
plagioclase para-amphibolite (B1C). -

Hand specimen:~ Red finedgrained to aphanitic rock with light green N
patches, white calcitic spots, and f.g. opaques.

Microsection:- The most important constituent is sodic plagioclase
occurring as partly sericitized poorly-defined irregularly shaped
mic.-f.g. anhedra, showing undulatory extinetion and merging imper-
cepbibly into one another. The parallel orientation of the sericite
scales, which are developed'&ldng“eléavage traces in the feldspar,
show that the original plagioclase was coarse- gralned and prismatic,
Granular calcite (up to several mm across) with lamellar twinning
is a major constituent of the rock mic.~f.g. light green diopside
and aggregates of mic.-f.g. Sphene (Z-brown orange) and quartz are
minor components. Light green f.g. to m.g. poikiloblasts of
tremolite (with quartz inclusions) are common, and display margins
of pleochroic (z-~blue green) of hornblende.  M.g. equant subhedra
of apatite occur as minor components, Mic.~f.g. opaques are also
present,

o

Mode (est.)s- Plagloclase and sericite 55%; Calcite 25%, Diopside and
Tremolite 10%; Sphene 4%; Quartz 4%; Accessories 2%.



26

Petrogenesis:- The rock is probably a metamorphosed dolomitic marl.,
The sequence of crystallization is: Plagioclase, sericite and cal-
cite, tremolite, diopside. The rims of hornblende around tremolite
imply a transition from the greensohlst to the amphlbollte facies of
reglonal metamorphism.

sp. 692000634 (C13-26-124)

Definition:- Sphene- d1ops1demtremollte—calc1te=alb1te porphyroblastlc
para~amphibolite (BlC)

Hand specimens- F.- to meg° rock showing. llght red and white (ca101te)
_ patches, and spotted by m.go (up to 3 mm) porphyroblasts of
amphibole. C -

Microsection:~ The groundmass consists of an interlocked mosaic of fege
saussuritized albite, granular calcite. show1ng lamellar twinning,
aggregates of drop-like pleochroic mlc.,-»fogo sphene (Zared-brown)9

~ granular diopside, tremolite, apatite and opaques. M.-c.g: porphyro-
blasts of amphibole (Z-light green), rimmed by deep blue-green
amphibole and by fibrous amphibole are very common, and include
albite, sphéne, and apatite inclusions. The opaques may be up to
1 mm across. The diopsidé is heavily altered to and occurs as
armoured relics within brown cryptocrystalllnelaggregaies,,

Mode (est.):- Albite 40%; Calsite 30%; Amphibole 20%; Diopside and '
sphene T%; Accessories 3%.

Petrogenesis:- The rock is a metamorphosed dolomitiz marl. The
amphibole probably formed through the interaction of dolomite clay-
minerals and silica. The sequenze of crystallization iss Calcite,
tremolite, diopside. '

sp. 69200076 (C11-22-21)

Defl?*tlgn.m Hematlfemspotted tremolltemepldote=alb1te paramamphlbollte
BliC v

Hand specimen:= ‘Pink fine=grained feldspathic rock, w1th m.g. Specularn
ite spotting, and thin veins.of epidote. .

Microsections= The bulk of the rock consists of fo So heavily clouded
irregularly-shaped untwinned albite. F.ge~m.g. columar weakly.
zoned tremolite (Z=11ght blué green) occur in clusters. Anhedral, -
heavily veined and clouded f.g.-m.g. epidote grains are very common,
and are usually associated with the amphibole. Clusters of
1rregu1arly-shaped opaques are w1despread°

Mode (esto.):~ Albite 65%; Amphlbole (zoned tremolite) 10%; Epidote 17%;
Opaques 8%.

Petrogenesis:- The rock is a metamorphosed sodic magnesian shale, the
sequence of crystallization appears to have been: Albite, tremolite,
amphibole, epidote, opaques.
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sp. 69200104 (C14-76-53)

Definition:- Diopside-epidote-sphene-amphibole-plagioclase para-
amphibolite (B1C).

Hand specimen:- M.,g-amphibolite, showing white round 1eucocrat1c spots
set in green aphanitic matrix.

Microsection:- ' Aggregates of slightly clouded and recrystallized f.ge
plagioclase (showing undulating extinction), are interveined by
aggregates of f.g. amphibole (Z—grass green) and tremolite. The
feldspar is commonly clouded by mic. amphibole and by sphene.

The latter mineral may enclose armoured relics of ilmenits. F.g.-
m.g. subhedral diopside is a minor constituent developed at. the -
expense of amphibole. Clinozoisite, epidote, calcite -and. apatite
occur as minor components. Strings of f.g.-m.g. anhedral .opaques
cross the rock, and veins of weakly’ saussurltized f.g. albite and
mic. acicular tremolite are present. The rock has.a fine-grained
margin displaying a relic basaltlc texture.

Mode (est.):= Plagioclase 45%, Amphibole 40%; Bpidote 3%, Sphene 5%,
Diopside 2%, Accessories. 5%.

Petrogenesis:- ‘The amphlbollte presumably originated through the low-
grade metamorphism of a basic igneous rock, or an impure dolomitic
marl. The development of diopside may represent contact metamorphic
effects. The feldspar has entirely recrystallized, and the released
lime became incorporated in the amphibole, the epidote and sphene.

sp. 69200105 (C15-~50-20)

Definitions= Apat1te=sphene=tremol1te~d10ps1demalb1te para-—
amphibolite (B1C).

Hand specimen:- Pink aphanitic rock with abundant greenish patches, and
coarse-grained porphyroblasts of amphibole. .

Microsection:= The chief constituent is albite, which occurs as clear
f.g. subhedral prisms which may be twinned according to the albite
law. Anhedral f.g.-m.g. diopside occurs as patchy aggregates and
isolated grains. Tremolite forms columnar aggregates abundantly
replaced by diopside. Apatite and sphene are very common accessor-
ies. Calcite, epidote, and chlorite are minor components.

Mode (est.):- Albite 57%; Diopside 30%; Tremolite 5%; Sphene 3%;
Apatite 3%; accessories 2%.

Petrogenesiss= The rock is probably a metamorphosed dolomitic low-potash
marl; the abundance of soda, however, is little understood. The
sequence of crystallization appears to have been: Tremolite,
diopside, sphene.
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(9) MISCELLANEOUS META-SEDIMENTS
sp. 69200077 (012-6of22)

Definition:- Calcite~tourmaline- serlo1te~plagloclase-quartz meta~
sediment (BLC). .

Hand specimen:- A banded f.g. rock, with white-spotted green bands -
alternating with a parallel set of aphanltlc off-white %o llght

pink veins.

Microsections- The green bands consist of clx usters of mic. tourmaline
(Z-apple green) accompanied by finely disseminated opaques, and
surrounding lenses of crypt. quartz-sericite aggregates. The
light-coloured veins consist of clouded aggregates of mic. quartz.
Narrow veins of caelcite and muscovite are common. F.g. sodic
plagioclase and microcline occur as veins and patches, Apatite'
and chlorite are accessories. '

Mode (est.):- Quartz and Albite 50%; Sericite and Muscovite 30%3
Tourmaline 15%; Calcite and Accessories 5%.

Petrogenesis:~ The rock is a heavily altered siliceous meta-sedlment,
carbonization, sillclflcatlon, and tourmallnlzation processes are

evident.
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B. META-IGNEQUS ROCKS

(10) META-BASALTS

69200028 (C15-52-11)

Definition:- Sphene—rlch 1abrador1te=amph1bole porphyrltlc meta=
basalt (BlS3)

Hand specimen:- Dark green to black, aphanltlc, unlformly textured
amphibolite.

Microsection:- Aggregates of f,g.-m.g. (about 0.2-0.4 mm) non-allgned
columar amphibole (Z-yellowish green) are interspersed by clounded
and occasionally twinned (Carlsbad law) subhedral mic.-f.g. plagi-
oclase grains., The clouding consists of amphlbole needles and of
submicroscopic constituents. Granular clusters of sphene are
abundantly associated with the amphlbole. Some Togo=Moge
plagioclase crystals are twinned and show relic lath-like shapes,
suggesting an original porphyritic basaltic texture.

Mode (est.):- Amphibole 60%; Plagioclase (labradorlte) 30%, Quartz
30%; Sphene, leucoxene, opaques, apatite 5%.

Petrogenesist- The amphlbollte represents a low-grade metamorphosed
porphyritic basalt. The principal effects of metamorphism were
replacement of pyroxene by amphibole, and clouding of the plagioc-
clase,

sp. 692000554 (C14=74-294)

Definition:- . Carbonated chlorite-biotite-albite interpillow mesostasis
(B18,).
1

Hand specimens- Fine-~grained light grey feldspathic rock, occurrlng
at interstices between volcanic pillows.

Microsection:- Microscoplcally the rock consists of unallgned feo=
m.g. lath-like albite, showing well developed twinning according
to the albite law, and ¢louded by sericite and crypt. constituents.
The feldspar is abundantly substituted by irregularly shaped
calcite, and is accompanied by quartz, biotite (Z-honey yellow),
aluminous chlorite (Z-light green) and granular opaques. The
distribution of minerals is uneven, and calcite-rich or biotite=rich
patches alternate with patches of little-altered albite.,

Mode (est.)s- Albite 60%; Calcite 20%; Biotite 10%; Quartz, chlorite,
Opaques 10%.

Petrogenesis:~ The rock constitutes an interpillow mesostasis: the
albite probably formed from hydrothermal solutions percolating
between the pillows. Extensive lime metasomatism is represented
by the carbonates. Alteration is also presented by the biotite
and the chlorite.
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sp. 692000558 (C14~74-29B)

Definition:~ Carbonated biotite-bearing quartz-labradorite-
amphibole pillow core (BLS,).

Hand specimen:- Medium-grained amphibolite, displaying a relic doleritic
texture, Specimen derived from a pillow core.

Microsection:- The thin-section consists of heavily clouded. equant to
lath-like plagioclase, columnar amphibole (Z-light bluish green),
calcite, and accessory quartz, biotite, epidote, apatite needles, -
and skeletal ilmenite. The plagioclase (labradorite) is mostly
untwinned, and is heavily sericitized at crystal cores. Clear
recrystallized plagioclase (sodic plagioclase) is also present.
The amphibole may show tw1nning, and may be partly replaced by
calcite., Biotite occurs in association with the opaques, and
epidote as clouding of the plagloclase. The biotite may replace
amphibole. Doleritic texture is retained by the restriction of

" plagioclase to origlnal p081t10ns. Quartz occupies interstitial
positions. ,

Mode (est.)s= Amphlbole 40%;3 Plagloclase 35%, Calcite 15%, Quartz,
biotite and accessories 1

Petrogenesis:~ The rock represents the metamorphosed doleritic_core
of pillowed basic volcanlcs; The medium-grained texture.
testifies to a relatlvely 1long cooling period. The metamorphism
was followed by lime and potash metasomatism, represented by the
development of calcite and biotite, respectively.

sp. 69200091 (Cl1-24-32)

Definitions~ Leucoxenewquartz—albltemepldote-tremol1te blastophltlc
meta-basalt (BlS ).

Hand specimen:- M.g. to c.8. porphyroblasts of amph? bole set in a fine-
grained dark green matrix, with abundant yellowegreen specks of
epidote.

Microsection:- The rock consists of m.g.-c.g. poikiloblastic plates of
tremolite, riddled with abundant pseudomorphs of f.g. epidote after
plagioclase microlites. The amphiboles are set in a f.g. assem=
blage of granular tremolite, epidete, quartz, albite and leucoxene,
Blue-green pleochroic f.g. amphiboles occur as accessories,

Mode (est.):- Tremolite 45%; Epidote 40%; Quartz and Albite 12%;
Leucoxene 3%.

DPetrogenesisi:- The rock is a metamorphosed ophitic basalt, with most
of the feldspar replaced by epldote, and the opaques replaced by
leucoxene.
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sp. 69200092 (C11-24-33)

Deflnltidn'- Leucoxene-albite-qugrtzmamphiboleeridote meta-,

basalt (BlS3)

Hand specimen:- F.g. amphlbollte with yellowagreen specks of epidote.

Microsection:- A uniform aggréegate of f.g. o m,g. columnar amphlbole
(Z—blulsh green), set in a granular base of mic.-f.g. epldote,
quartz and albite which are accompanied by mic.-f.g. leucoxene and
sphene ., Spherical aggregates of euhedral epidote are common and
may be up to 1 mm in diameter. The cmartzo-feldspathic aggregates
define poorly-retained microlitic outlines.

Mode (est ):-= Amphibole 30%; Epldote 40%, Quartz and albite: ZT%,
Leucoxene and Sphene 3%.

Petrogenesis:~ The rock is a metamorphosed basalt. The primary
plagioclase has been completely replaced by epidote and albite.

sp. 69200107 (C15-52-72) - 7 |
Definition:~ Scapolite-albite-amphibole meta-basalt (-Bls'3)°

Hand specimen:- Aphanitic 1igﬁt green rock with white lenses up to 5 mm
in length. ,

Microsection:= The rock consists of a nematoblastic agsregates of mic.
amphibole (Z-light green), which enclose recrystallized f.g. micro-
lites of plagioclase. Mic., opaques are very common, and quartz,
apatite, biotite and calcite are minor components.  The leuco-
cratic lenses consist of m.g.=very coarse-grained.scapolite,
abundantly clouded by mic. amphiboles. The scapolite may contain
inclusions of pseudomorphs after lath-like and microlitic plagio-
clase, and apatite inclusions.,

Mode (est.):~ Amphibole 65%; Scapollte 15%; Plagloclase 15%;
Accessories 5%.

Petrogenesis:- The rock is a metamorphosed basalt which underwent
scapolitization.

(i1) META-DOLERITES

sp. 69200030 (C15-52-20)

Definition:- Ilmenite-bearing ande31ne~amph1bole blastoglomeropor=
phyritic meta-dolerite. (BlSB)

Hand specimen:- F.g. to m.g. grey to dark green amphibolite, with
numerous rounded leucocratic aggregates.

Microsection:~ The amphibolite consist of an intergrown aggregate of
fege-m.g. columnar and acicular amphibole (Z~light green), and
intergranular partly recrystallized and sericitized relic f.g.-m.g.
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lath~1like plagioclase, which is clouded by needles of amphibole.
Aggregatés of mic. granular sphene -and leucoxene replace relic
fego-Meg. skeletal crystals of ilmenite, which is usually partly
retained, Ophitic textures may be well preserved. The leucocratic
aggregates consist of mic. sheaf-like prehnite, crypt.-mic. sericite
and saussurite, mic. to fog. anhedral clln020131te, and aclcular
amphibole (Z-blue green).

Mode (est. ).- Amphibole 45%; Plagioclase (Ande31ne) 3Q%, Serlclte,
Olinozoigite, Saussurite, Prehnite 23%, Ilmenite, Sphene,
Leucoxene 2%, - .

Petrogenesiss- The rock has probably been a glomeroporphyritic dolerite.
Metamorphism resulted in extensive recrystallization and alteration
of the calcic plagioclase, glVlng rise to sericite, prehmnite, and
clinozoisite. .

sp. 69200031 (C15~52-23)

Definition:- Ilmenite-bearing amphibole-andesine meta~dolerite (BISB)°

Hand specimen:~ Grey-green amphibolites, with m.g.~c.g. (4.0mm) laths
of feldspar in greenish aphanitic matri_x°

Microsection:~ Subhedral to euhedral lath-like plagioclase (andesine)
and columar to fibrous amphibole (Z-bluish green) are the chief
constituents. A subophitic. texture is moderately-well retained.
The plagioclase is commonly twinned according to the albite law, is
weakly saussuritized, and includes mic. grains of amphibole.
Skeletal crystals of ilmenite are preferentially associated with the
amphibole, and may be up to 2 mm across. Biotite (Z-yellow brown)
occurs as a minor component developed at the expense of amphibole.
A coarser-grained gabbroic band . is included in .the meta=dolerite.

Mode (est.):~ Amphibole 40%; Plagioclase (ande31ne) 45%; Saussurite
10%; Ilmenite, Biotite 5%. o

Petrosenesis:~ The rock is a low-grade metamorphosed dolerite. A
vetardation of the metamorphic reactions is suggested by the
retention of original plagioclase, as well as by the preservation
of the primary texture.

sp. 692000324 (C15-52-324)

Definitions= Biotite-amphibole-andesine f.g. sheared meta-dolerite
(3153). :
Hand specimen:- Sheared dark green to black fine-grained amphibolite.

Microsections~ The rock consists of an aggregate of mic.=f.g. ,
amphibole, mic. biotite (Z-reddish brown), and subhedral twinned
f.g. plagioclase (andesine). The plagioclase is clouded by mic.
biotite and amphibole. "The biotite is usually developed at the
expense of the amphibole. Apatite, sphene, opaques and quartsz
constitute accessories. '
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Mode (est.):- Amphibole 40%; Biotite 15%; Plagioclase 40%; Opaques,
Quartz, Sphene, Apatite 5%.

Petrogenesis:- The rock is a low-grade metamorphosed dolerite, which
underwent slight potash metasomatism resulting in a late development
of biotite. This development may have been associated with the
shearing of the rock.

sp. 692000364 (C15-52-39A)

Definition:- Iron-rich.plagioclase-amphibole meta-dolerite (BlSz);

Hand specimen:=- Medium-grained uniform amphibolite éhowing relic
doleritic texture. = C B

Microsection:~ The mictosection shows remmant f.g.-m.g. lath-like un-
twinned crystals of calcic plagioclase, the outlines of which define
a blasto-doleritic texture. The plagioclase is itntwinned, is
clouded by crypt. brown constituents (? saussurite) and by
inclusions of quartz. The feldspar crystals are set in an 'aggregate
of randomly oriented miG.-f.g. columnar amphibole (Z-bluish green),
which is abundantly accompanied by irregular opaques grains,
Apatite is a minor accessory. . . -

Mode (est.):- Amphibole 60%; Plagioclase and Quartz 32%; Opaques 8%.

Petrogenesis:- The amphibolite has been derived from the low=to
moderate-grade metamorphism of dolerite. The metamorphic reactions
were accompanied by only a limited textural reconstitution.

sp. 692000734 (011-22-2A)

Definition:~ Ilmenite-quartz-epidote-plagioclase-amphibole blastophitic

- meta-dolerite (Sill, in BlS,).

Hand specimen:~ Medium- to coarse-grained amphibolite.

Microsection:~ F.~c.g. zoned amphibole (tremolite zoned by green
amphibole), enclose euhedral f.g. microlites and lath-like
plagioclase and pseudomorphs of plagioclase (oligoclase-andesine)
in a well~preserved blastophitic texture. The feldspar itself
has been commonly replaced by aggregates of crypt., sericite,
saussurite, and mic.-f.g. epidote: C.g. skeletal crysrals of
ilmenite are present. The matrix consists of quartz, epidote,
amphibole and opaques. Amphibole occurs also in narrow veins.,

Mode (est.):~ Amphibole 50%; Plagioclase and pseudomorphs after plggi-
oclase (inc. epidote) 40%; Ilmenite 3%; Quartz 7%.

Petrogenesiss= The rock is low=-grade metamorphosed ophitic dolerite.
The zonation of the amphibole may represent the development of
hornblende at the expense of actinolite with a transition from
greenschist to amphibolite facies. The calcic plagioclase was
partly recrystallized 10 more sodic plagioclase, and partly clouded
by epidote and sericite.
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Definitions- Leucoxene—epldotemsaussurltenalb1te~ser1c1tenamph1bole
metamdolerlte (BlS )

Hand specimen:- M.mc.g. amphibolite.

Microsection:= An ophitic to subophitic texture is well retained,
with pseudomorphs of crypt. saussurite, sericite, and feldspar,
occupying original prismatic plagioclase positions. The
amphibole is m.g.~-C.&., 1s colourless at the cores, and is rimmed
by pleochroic light green amphibole. Leuvcoxene, epidote and
opaques are common accessories. The leucoxene may OCCUr as M.g.
grains (up to 2 mm), which are. pseudomorphous after 11men1teo

Mode (est.):~ Amphibole 50%; Pseudomorphs of plagioclase. 45%;
Epidote 3%; Sphene and Accessories 2%.

Petrogenesis:- The specimen is a metamorphosed ophitic dolerite or
microgabbro. The original feldspar has recrystallized inte
granular feldspar, and has been replaced by sericite and saussurite,
The released lime reacted with ilmenite to form leucoxene. The
amphibole occupies original positions of the pre-existing pyroxene.

sp. 69200096 (C12A-36-38)

Definition:-~ Sphene-bearing altered amphibolemtremolite=plagioclase
meta~dolerite (BlS ).

Hand specimens- Momg.ga amphibolite, with light trown feldspar.

Misrosection:~ The amphibole is fogommogag and is colourless (tremolite)
to deep blue-green. Zoned crystals with cores of blue-green
amphibole and colourless rims are present. Clouding by crypt.
minerals is very common. The feldspar is heavily clouded hy
sericite, may be recrystallized, and shows no twinning., Calcite
apatite, sphene, and opaques form accessories. The opaques are
commonly euhedral, and may be rimmed by sphene, M.g. pseudomorphs
of sphene after ilmenite occur. A subophitic igneous texture is
partly retained.

Mode (est.)s- Amphibole 40%; Plagloclase (inc, serlclta) 50%; Opaques
5%; Caleite,.Sphene and other accessories 5%.

Petrogenesig:~ The rock is a metamorphosed subophitic dolerite. - The
replacement of hornblende by tremolite possibly implies magnesia
metasomatism. Alteration processes are also manifested by the
recrystallization and sericitization of the feldspar, and the
replacement of ilmenite by spheme, which was probably associated
with the release of lime from plagioclase.
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sp. 69200098 (C14-76-31)

Definition:~ Ilmenite~bearing plagioclase-amphibole subophitic meta-
dolerite (dyke).

Hand specimen:- M;g. meta~dolerite.

Microsection:~ A subophitic texture is evident. Sericitized and re-
crystallized plagioclase and crypt. mic. feldspar aggregates
pseudomorphous after lath-like plagioclase, are set in and surrounded
by f.g.~-m.g. amphiboles. The plagioclase is commonly zoned. The
amphiboles (Z~blue-green, Y-deep grass-green, X-yellow) are weakly
zoned, with the rims showing the deeper pleochroic colours.
Inclusions of mic. quartz are very common. M.g. skeletal crystals
of ilmenite are common. Quartz, biotite, and apatite are minor
constituents.

Mode (est.):- Amphibole 6Q%, Plagioclase (inc. serlcl+e) 35%;3
Ilmenite 3%; Accessories 2%.

Petrogenesis:~ The rock is a metamorphosed dolerite.

sp. 69200101 (014-76-47)

Definition:- Plagioclase-amphibole meta-dolerite (Slll in BlSl)°
Hand specimen:= M.g. meta-dolerite.

Microsection:~ Recrystallized and partly clouded prisms of plagioclase
(up to 2 mm) are set in an aggregate of f.g.-m.g. columnar amphlbole
(Z-deep blue green). Opaques and quartz are the main accesScries.

Mode (est.):- Amphibole 65%; Plagioclase 30%; Accessories 5%.

Petrogenesis:~ The rock is a metamorphosed dolerite.

(12) META-GABBROS

sp. 692000434 (C15-52-604)

Definitions- Ilmenite~bearing amphibole-plagioclase blastoporphyritic

meta~-gabbro (3111 in BlSl)

Hand specimen:- M.-c.g. meta-dolerite, with lathnllke feldspars (up
to 5 mm) set in green aphanltlc mabrix.

Microsection:~ The m.g. to c.g. blasto-phenocrysts of plagioclase
(andesine-labradorite) are clouded by mic. amphibole, epidote,
and crypt. seticite and saussurite. The plagioclase is intervened
by columnar aggregates of f.g. amphibole (Z-bluish green), with
which skeletal crystals of ilmenite are associated. Apatite occurs
as slender needles which may be a few millimetres long. Clouded
and clear patches alternate irregularly in the plagioclase. Twinning
according to the pericline law may occur, but albite twinning is rare.
Quartz is a minor accessory of the rock.
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Mode (est.):- Plagioclase 60%; Amphibole 35%; Accessories 5%.

Petrogenesis:~ The rock is a metamorphosed c.g. dolerite or micro-
gabbro. Deuteric or metamorphic alteration resulted in heavy
clouding of the plagioclase, and may have accounted for the
development of the apatite needles, whlch appear to be texturally
younger than the other phases.

sp. 69200052 (C1l4~74-21)

Definition:- Andesine~amphibole meta-gabbro (Silll‘iﬁ BlSl)

Hand specimens- C.g. amphibolite, showing prisms of amphibole (up ta
10 mm) and equant to lath~like feldspar.

Microsection:~ - The rock consists of columnar crystals and fibrous -
bundles of c.g. amphibole (Z-bluish green) and partly clouded
(serlnltlzed) twinned lath-like and equant plagioclase (calcic
andesine). Mic. amphibole also occurs as clouding in the plagio-
clase, The amphibole carries quartz inclusions, and is accompanied
by opaques, which may include c.g. skeletal ilmenite and euhedral
magnetite. Apatite is a minor constituent, and may occur as
slender needles. The primary igneous texture has been retained
through the preservation of original plagioclase and the apparent
confinement of the amphibole to original pyroxene positions.

Mode (est.)s- Amphibole 50%; ‘Plagioclase, 45%; Sericite and accesse
ories 5%.

Petrogenesis:s~ The amphibolite represents a metamorphosed gabbro. The
pyroxene has been completely replaced by amphibole, whereas the
plagioclase crystals retalned or1g1na1 positions, and probably
original compositions.

sp. 692000738 (Cl1-22-2B)

Definitions= Ilmenite-sphene-quartz-epidote-saussurite~amphibole

meta-gabbro (Sill, in BlSZ)

Hand specimen:= C.g. meta=gabbro, Wlth prisms of plagioclase (up to
20 mm across) and intervening m.ge.-c.g. columnar amphibole. i

Microsection:- The plagioclase is heavily sericitized and saussurit-
ized, and is partly replaced by granular epidote and by amphibole.
The amphibole (Z-light green) occurs as subhedral prisms showing
undulating extinction, and as sheaf-like aggregates. The amphibole
is clbuded by crypt. brown dust (mainly sphene) and carries inclus-
ions of irregularly-shaped opaques rimmed by crypt.-mic. aggregates
of sphene, which also occur in a pattern representative of pre-
existing skeletal ilmenite crystals. Quartz is common at inter-
stitial positions.,

Mode (est.):-~ Pseudomorphs after plagioclase 45%; Amphibole 40%s;
~ Sphene and Opaques 10%; Quartz 5%.

Petrogenesiss~ The rock is a metamorphosed gabbro, in which the plagic-
clase has been almost completely clouded, and the pyroxene replaced
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by amphibole. Reaction between ilmenite and amphibole is reflected
by the development of sphene,

sp. 69200086 (C11-22-27)

Definition:~ Epidote-sericite~amphibole~tremolite blastophltlc
meta-gabbro (Slll in B1S )

Hand specimen:= C.=V.C.Z. amphlbollte, with dark green amphlboles
intervened by leucocratic and. epidote-rich material.

Microsectioni~ A distinctive blastophitic texture is dléplayed with
f.g prlsmatlc pseudomorphs of sericite after plagloclase forming .
inclusions in c.g.to v.c.g. anhedral amphibole (Z-bluish green)
crystals. The amphiboles are conspicuously zoned, with colourless
cores of tremolite surrounded by pleochroic amphlbole rims, Much -
of the amphibole displays replacement of the former type by the
latter type. Clouding of the amphibole by crypt. brown minerals is
Very COMMOn. Yellow epidote is widespread, and forms anhedral to
prismatic f.g.~m.g. grains, which are developed at the expense of
amphibole and plagioclase. Skeletal ilmenite, clinozoisite
(usually pseudomorphous after feldspar), zoisite (m.g. crystals,
very small extinction angle), and quartz form accessories.

Mode (est.):- Tremolite and green amphibole 40%; Altered plagioclase
50%; Epidote T%; Accessories 3%.

Petrogenesis:- The rock is a metamorphosed blastophitic gabbro. The
amphibole occupies original pyroxene positions. The pyroxene must
have been of magnesia-rich compowition, as implied by its replace-
ment by the tremolite. The plagioclase has been heavily altered
to sericite and epidote, possibly due to deuteric or metasomatic
processes.

sp. 69200102 (C14-76-48)

Definition:~ Biotite-bearing amphibole=plagioclase meta-gabbro
(Silll in BlSl)
Hand specimen:- C.g. amphibolite.

Microsection:~ C.g. (up to 8 mm) columnar amphiboles (Z-deep bluish
green) with inclusions of quartz, enclose lath-like crystals of
m.g. plagioclase. The plagioclase is heavily clouded by crypt.
sericite at crystal centres, and displays clear margins. Replace-
ment of the feldspar by f.g. amphiboles is common. Twinning of
the amphibole is widespread, and the c.g. amphibole crystals often
enclose mic.-f.g. amphiboles. Skeletal ilmenite, rutile, sphene,
quartz and biotite are minor components, the biotite being younger
than the amphibole. Rutile inclusions in the amphibole are
surrounded by pleochroic haloes.

Mode (est.):- Amphibole 45%; Plagioclase 50%; Accessories 5%.

Petrogenesis:~ " The rock is a metamorphosed gabbro. Slight potash
introduction is represented by the late growth of biotite,
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(13) METABASITES (ORTHO-AMPHIBOLITES)

sp. 69200026 (C15-52-4)

Definition:~= Andesine~tremolite banded metabasite (3183)
Hand specimens-= Grey green sheared amphibolite, shownng moderately-
well developed segregation banding, and 1rregu1ar white spotting,

Microsection:~ Bands of tremolite and opaques alternate with felds-
pathic bands., The tremolite occurs as mice.-m.g. (0.2 mm) anhedral
to subhedral grains. The plagioclase oconrs as anhedral aggregates,
which consist of mic.-m.g. usually untwinned grains. Clouding by
cryptocrystalline caleite and unidentified constlfuents is. w1despreado
Bands of aggregates of crypb.-mic, amphzbole and feldspar are presento
Sphene and opaques are commonly 333061ated w1th the tremollte.

Mode (est.)s- Tremolite (Zmllght green) 55%3 Plagloclase (andes1ne)
30%; Calcite, Sphene 10%; Opaques (magnetlte and 11men1,te) 5%. .

Petrogenesis:~ The rock is a lowagrade metamorphosed magne31an ‘basic
igneous rock, affected by shearing and comp081tlona1 segrega+1on,‘
and displaying no rel:Lc igneous text;ure. '

sp. 692000354 (C15-52-37A)

Definition:~ Iron-rich quartz=p1agloclasemamphlbole metabasite (B]S )o

Hand specimens= TF. to m.g. uniformly textured dark green amphibollte
with fine white spots.

Microsection:= In thin-section the rock consists of an aggregate of
randomly oriented f.g.-m.g. (up to 0.5 mm) columnar amphibole {Z-
biuish green), interstitial quartz and untwinned sodiec plagioclase
and abundant mic. granular opaques. The quartz and the plagio-
clase usually form interliocbate grains, which are mostly clear of
inclusions and may show undulatory extinction., The opaques are
preferentially associated with the amphibole. No remmant igneous
texture is evident.

Mode (est.)s~ Amphibole 60%; Plagioclase and quartz 35%; Opaques 5%.

Petrogenesiss= The amphibolite represents a metamorphosed f.g. basic
igneous rock, either a basalt or a f.g. dolerite.

sp. 69200039 (C15-52-46)
Deffnltigno Iimenike=rich quartzmplagioblasemamphibole metabasite
B1S ‘ : '

Hand spe01men Fo-meg. dark green uniformly textured amphibolite.
A very weak foliation is discernible.

Microsections= Weakly-aligned aggregates of fege=m.g. columar to
acicular amphibole (Z-yellowish greeng‘X=yellow) alternate with
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elongated aggregates of granular mostly untwinned mic.-f.g. plagioclase
and quartz. Aggregates of mic. drop-like opaques which define
skeletal outlines of ilmenite are abundantly associated with the
amphibole. Short prisms of apatite occur as accessories., The
amphibole and quartz-feldspar aggregates define a very weak segregat=
ion banding. No relic igneous texture is preserved. :

Mode (est.):- Amphibole 60%; Plagioclase and Quartz 37%; Ilmenite 3%.

Petrogenesis:~ The rock is a metamorphosed élightly sheared basic
irmeous rock. The parent rock has been either a basalt or a .
f.g. dolerite. A

sp. 69200043B (C15-52-60B)

Definition:~ Sphene~rich oligoclase-amphibole porphyroblas+1c
metabasite (Slll1 in BlSl), -

Hand specimen:- A weakly banded f.-m.g. amphibolite, w1th elongated
leucocratic patches alternating with green patches, representing

metamorphic segregatlon banding.

!

Microsection:- Elongated aggregates and porphyroblasts of columnaxr
fege=Cog. amphibole (Z-bluish green) are intervened by aggregates
of granular mic.-f.g. plagioclase, (oligoclase). The plagioclase
grains are clear and commonly twinned according to the albite and
pericline laws. Irregular grains of sphene (up to 2 mm) are
common, particularly in association with the feldspar.  Quariz,
apatite and opaques form the other accessories.

Mode (est.):~ Amphibole 48%; Plagioclase 48%; Accessories 4%.

Petrogenesis:~ The specimen is a weakly sheared metamorphosed basic
igneous rock, showing porphyroblastic and glomeroporphyroblastlc
development of the amphibole.

Sp. 69200045 (C15=52-62)

Definition:- Tremolite-andesine-hornblende metabasite (BlSl)°
Hand specimens~ Sheared f.g. dark green amphibolite.

Microsection:- In thin-section granoblastic aggregate of f.g. clear
plagioclase grains, and mic.-f.g. columnar amphibole (Z-dark green)
is resolved. Tremolite, occurring as f.g. prisms is a common
minor component, and = clearly younger than the green amphibole
composite green amphibole-tremolite crystals, may occur. The
plagioclase (andesine) is rarely twinned, and forms clear or
slightly clouded equant grains. = Quartz, apatite and opaques
are the chief accessories, the latter occurring as f.g. irregular
grains associated with the amphibole.

Mode (est.):- Amphibole 55%; Plagioclase and Quartz 43%; Accessories 2%.

Petrogenesis:~ The specimen is a metamorphosed basic igneous rock, show-
ing weak late magnesia metasomatism represented by the tremolite. It
ococurs adjacent to meta-sediments which reached the staurolite grade,
and which also bear evidence of magnesia metasomatism (e.ge, P

69200054B8).
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sp. 69200047 (C15-50-3)

Definitions- Sphéne and llmenlteubearlng quart7=plagioc1asenamph1bole
metabasite (dyke) .

Hand speciment- F.-m.g. dark green amphibolite, with aphanltlc and
micro-doleritic bands (about 1" thick) alternating with each other.

Microsection:= In thin-section no igneous texture is retained.
Columnar round grains of f.g.-m.g. bands consist of m.g. amphibole
(Z-grass green), and untwinned fogo=m.g, plagioclase grains. The
plagioclase grains are usually sericitized at their centres and clear
at their margins, Quartz occurs as mic.-f.g. inclusions in the
amphibole. Clusters of ilmenite grains, often rimmed by sphene,
are common, and are preferentially associated with the amphibole.
The f.g. bands consist of amphibole with quartz inclusions,
plagioclase being almost absent.

Mode (est.):- Medium graingd bands: Amphlbole 50%, Plagioclase
AO%; Quartz 8%; Opaques and Sphene 2%, .

Flne=gra1ned bandS° Amphibole 85%, Quartz 12%;
Accessories 3%.

Petrogenesiss= The rock has been collected from a dyke. The banding
may reflect multiple intrusions. ~Metamorphism of the associated
meta~-sediments reached. the andalusite zone.

sp. 692000588 (Cl4~74-55)

Definition:~ Tale=veined quartzmplagloclase-amphlbole metabas1te
(3111 in B1S. )

Hand specimen:- M.g. am.phlbollte9 with parallel streaks of amphibole.

Microsection:= In thin-section the rock displays a dense intergrowth
of fege.-meg., anhedral amphibole (Z-bluish green) and heavily
gaussuritized and sericitized lath-like f.g.-m.g. plagioclase. The
amphibole shows twinning, and colour zonation, with the margins
being more deeply coloured than the cores., Interstitial quariz
and patchy opaques are the main accessories, Biotite and amphibole
occur as mic. clouding in the feldspar. Calecite is a minor
component; Lamellar bundles of talc occur as alteration product
along fractures. ' '

Mode (esto):~ Amphibole 60f; Plagioclase (including sericite
clouding 30%; Quartz 5%; Accessories 5%.

Petrogenesis:= The rock is a metamorphosed dolerite with an unusually
high percentage of amphibole. Deuteric¢ or metamorphic alteration
is represented by the clouding of the plagioclase, growth of biotite,
and the talc veins. The zonation of the amphibole suggests a
replacement of acitinolite by hormblende.
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sp. 69200066 (C124-36-11)

Definition:- Sphene-rich labradorite-amphibole metabasite (BlS3).

Hand specimen:- F.g. dark green amphibolite.

Microsection:- The thin-section displays an aggregate of columar
to acicular randomly oriented amphibole (Z-light green), interstitial
quartz and plagioclase (1abradorite), and minor mic. sphene,
tremolite, and opaques. No relic igneous texture is apparent.

Mode (est.):- Amphibole 63%; Plagioclase and Quartz 30%; Opaques
and Sphene 5%. :

Petrogenesis:- The rock could be a metamorphosed mafic basalt. The
high percentage of amphibole and quartz, however, indicate deviat-
ions from a basaltic composition.

sp. 69200072 (011'2241)f'

Definition:~ Sphene-rich quartz-amphibole-epidote-oligoclase

metabasite (3111 in BlSZ)

Hand specimen:- Partly epidotized mog, am.phlbollte°

- %ig;@gectlon. Clear euhedral to subhedral twinned lath-=like f.g.-m.g.
emere Plagioclase crystals (Oligoclase, An 11), are set in aggregates

composed ‘of mic. quartz and plagidclase, mice=f.g. epidote
aggregates, and poikiloblastic amphibole (Z-deen green) with mic.
inclusions of quartz. Epidote occurs also as radiating clusters of
m.g. slender prisms. Subhedral wedge-shaped crystals are very
common, and may be up to 1 mm across. The sphene and the epidote
may be developed at the expense of the amphibole. The epidote is
also commonly replacing plagioclase, Apatite and opagues are minor
accessories. :

Mode (est,)s~ Plagioclase 25%; Quartz 15%; Epidote 35%; Amphibole 20%;3
Sphene 5%.

Petrogenesis :- The rock is a completely reconstituted basic meta-
igneous rock; ocrurring at the margin of a meta-dolerite sill. The
sequence of crystallization appears to have been: Recrystallization
of plagioclase, formation of amphibole, epidote and sphene, in this
order. The abundance of sphene is a unique feature of this rock,

spe. 69200081 (CG12A~38-30)

Definition:~ Sphene-quartz-plagioclase~amphibole metabasite (BlSB)°
Hand specimen:- F.g. dark green uniform amphibolite.

Microsectiont= An assemblage of acicular to columnar f.g.-m.g.
amphibole (Z-light blue green), intergranular recrystallized clear
anhedral mic.-f.g. plagioclase, and accessory opaques, commonly
rimmed and replaced by leucoxene and sphene, The patchy opaques
define in some cases relic outlines of skeletal ilmenite crystals.
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Quartz is a minor constituent, and may occur in veinlets. No
igneous texture is preserved. The elongated opaques are weakly
aligned. .

Mode (est.)s- Amphlbole 603 Plagloclase 30%, Quartz and
accessories 1

Petrogenesis:= The specimen is a low-grade metamorphosed fine-grained
basic igneous rock, probably a meta-basalt.

sp. 69200083 (C13-38-41) .

Definition:~ Iron-rich quartz-plagioclase-biotite metabasite (BlS )

Hoend specimens~ Mottled f.-m.g. rock, with dark lenses (up to 2 mm)
intervened by light coloured matrix. '

Microsection:- The dark lenses consist of clots of mic.-f.g.bilotite
(Z-deep orange browm) and abundant irregular opaques. The light
coloured matrix is composed of crypt.~mic. quartz, plagioclase
and sericite. The opaques are clearly younger than the biotite.
A translucent green unidentified substance occurs as a minor com-
ponent. :

Mode (est.)s- Biotite 40%; Opaques 20%; Quartz and Plagioclase,30%;
Sericite and AccCessories.1

Petrogenesis:- The rock Scours- near a copper mlne, and probably
represents a metasomatized and mineralized metabasite. The
biotite may have replaced amphibole due to potash metasomaﬁism.
The opaques were probably the last introduced phase.

sp. 69200088 (011522=322

Definition:- Scapolite=bearing epidote=quartz=plagioclase=amphibole

metabasite (3111 in 3132)

Hand specimen:- C.go dark . green amphlbollte.,

Microsections= The major component is f.g.=c.g, fibrous to anhedral
columnar amphibole (Z-from off-white tb light blue green, in patchy
pattern). Aggregates of mic. plagioclase, mic. quartz and
sericite occur at interstitial position with respect to the
amphibole., Minor epidote occurs as f.g. anhedral grains.
Accessory f.g. scapolite, with abundant inclusions of amphibole
and epidote, occur at interstitial positions. F.g. opaques are
a minor component. &

Mode (esto):- Amphibole 60%; Plagioclase, Quartz and Sericite 30%;
Epidote 5%; Scapolite 3%; Accessories 2%.

Petrogenesiss= The specimen is a metamorphosed aﬁd completely re-
constituted basic igneous rock.
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(14) GRANITES

sp. 69200038 (C15-52-45)

Definition:- Oligoclase-quartzumicroclihé granite.

Hand specimen:- M,—c;g. (grains up’to 5 mm) granite, with pink to
orange-coloured feldspar, .

Microsection:~ The rock shows a hypidiomorphic-granular texture,
with anhedral to subhedral f.g.-c.g. grains of microcline and
plagioclase set in an aggregate of mic. interlobate quartz. The
plagioclase (oligoclase) is clouded by muscovite, sericite and by
cryptocrystalline constituents, whereas the microcline is relatively
clear. Intergrowths of quartz mosaics with feldspar are common,
Ferruginous chlorite (Z-brown green) anhedral sphene (up to 2 mm),
and opaques are the chief accessories. The chlorite contains
inclusions of rutile, which indicates its orxigin from the alterat-
ion of biotite. Hematite staining is common. The sphene,
chlorite and opaques are often associated with each other.

Mode (est.):- Microcline 45%; Plagioclase 15%; Quartz 35%;
Accessories 5%.

Petrogenesis:- The rock is a potashmrich leucocratic granite, showing
effects of deuteric alteration and slight Weathering,

sp. 69200068 (Cl1-24-3)

Definition: Microcline-bearing quartz-oligoclase granite.

Hand specimen:- M.g. pink feldspar-rich granite, with greehish
chloritic spots. .

Microsection:~ The rock consists mainly of anhedral to subhedral m.g.
(up to 2 mm across)-plagioclase (oligoclase, An 14), twinned
according to the albite and pericline laws, and showing very weak
clouding by crypt. brown dust, Remnants of microcline may occur
within plagioclase crystals. Interstitial aggregates of f.ge.=m.g.
granular quartz are very common. Green biotite and opaques occur
as accessories. Some plagioclase grains display higher degrees of
clouding, and may be partly sericitized and spotted by muscovite.
Staining by hematite is common.

Mode (est.):- Plagioclase 65%; Microcline 3%; Quartz 30%; Accessor-
ies 2%.

Petrogenesis:- The rock is a sodic granite, which has evolved through
the replacement of a microcline-bearing granite, possibly at late
magmatic stages.
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sp. 692000794 (C1l2-62~84)

Definition:= Muscovite-quartz-oligoclase granite.
Hand specimen:- M.g. light pink granite.

Microsection:= The textire of the rock is m.g. hypidiomorphic~
granular, Plagioclagse (Oligoclase) is the predominant phase; it is
usually twinned, and is only slightly clouded.  Quartz forms f.g.-
m.g. anhedral grains with irregular boundaries, and may form inclus-
ions in the feldspar. MhScovite, calcite and opaques occur as minor
constltuents.‘ ‘ :

Mode (est.)s- Plagioclase 65%, Quartz 3Q%, Accessories 5%.

Petrogenesiss~ The rock is a sodic granlt No obvious signs of
metamorphism are apparent. ‘ .

sp. 692001098 (C15-52-83B)

Definitions- Chlorite—bearing'oligoclase~quartzamicrocline granite.

Hand specimen:- M.=c.g. pink granlte, w1th green patches of ferrc-
magnesian minerals.

Microsection:~ Hypidomorphic granular MoeZe=C oo subhedral weakly
 clouded crystals of twinned plagioclase (oligoclase), and clear
-anhedral crystals of m.g. microcline are separated by granular

aggregates of f.g.=m.g. quartz with sutured boundaries, and by
feldspar. Muscovite occurs either as clouding in the plagioclase
or at interstitial positions. Biotite (Z-deep brown or green) is
a minor constituent, commonly altered to ferroan chlorite (Z-green).
Zircon (showing zona.tlon)D euhedral and finely disseminated opaques,
and apatite are minor constituents.

Mode (est.)s~ Plagioclase 25%; Microcline 35%; Quartz 30%, Biotite,
Chlorite, Muscovite 8%; Accessories 2%

Petrogenesiss~ The granite underwent hydrothermal alteratlon replresen- |,
ted by the alteration of biotite, the clouding of plagioclase, and
the development of muscovite (which is younger than the chlorite).

(15) MISCELLANEOUS META-IGNEOUS ROCKS

sp. 692000328 (C15-52-32B)

Definitions- Biotite-quartz-myrmekite-plagioclase-amphibole granophyre.

Hand specimen:= M.g. amphibolite, with leucucratic patches and
amphibole-rich patches irregularly alternating with one another. M.g.
anhedral porphyroblasts of quartz are present.

Microsections= The rock consists of irregularly alternating leuco-
eratic and amphibole=rich aggregates. The leucocratic patches
consist of clouded f.g.-m.g. plagioclase, quartz, myrmekite mosaics
and minor strongly pleochroic mic.-m.g. amphibole (Z-deep blue green,

e ey
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X~yellowish green, X-yellow; strong dispersion: ), mic. biotite
(Z~yellow brown), mainly as clouding of plagioclase, opaques and
apatite. The melanocratic aggregates consist of intergrown mic.-m,
g. grains of columnar amphibole (pleochroic, as above) accompanied

by interstitial quartz, minor biotite, opagues, and subhedral apatite.
The two latter. constituents .are mainly associated with amphlbole.

No relic igneous texture is present . Co

Mode (est.):~ Amphibole 30%; Plagioclase 25%, Quartz and: Myrmekite
35%, Blotlte, Opaques, Apatlte 10%.

Petrogene31s.— The rock represents a granonhyre facies developed at
the margin.of an amphibolite sill.

sp. 69200067 (CiZA-36=12)

Definitidﬁ$ > Partly 811101f1ed olinozoisite rock.

Hand specimen:=" Grey aphanitic rock, with light coloured patches and
lenses formlng over flfty per cent of the volume,'

Microsection:= The grey patches con31st of mosaics of mic. quartz,
accompanied by minor mic. clinozoisite, calcite, and acicular mic.
amphibole (Z-green). The light-coloured patches consist mainly of
mic.~f.gs clinozoisite and quartz, and accessory calcite and prehnite.
Veinlets consisting of f.g.-m.g. clinozoisite are present.

Mode (est.):- Light-coloured patches: Clinozoisite 80%; Quartz 18%;
Calcite 2%.
Grey patches: Quartz 85%; Clinozoisite 8%; Amphibole T%.

Petrogenesiss~ The rock 1s a partly silicified epidosite, which might
have originated from the metamorphism of a plagioclase-rich rock.

spe. 69200070 (C11-24-13)

Definition:~ Scapolite~bearing tremolite rock.
Hand specimen:- M.g. dark green amphibole rock.

Microsection:= The thin-section displays a dense intergrowth of f.ge.-
m,g., off-white to light green fibrous and columnar tremolite.
Clouding by crypt. brown dust is widespread. Apatite, quartz,
scapolite, clinozoisite chlorite and opaques form minor components.
The scapolite occurs at Interstitial positions in relation to the
amphibole., The amphiboles are weakly zoned, with light green rims
developed around off-white cores.

Mode (est.):- Amphibole 90%; Scapolite 3% Opaques 3%; Accessories 4%.

Petrogenesis:= The specimen is a low—grade metamorphosed ultramafic
rock., The gonation of the amphibole may represent slight intre-
duction of iron. The occurrence of scapolite may imply introduction
of chlorine. '
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sp. 69200087 (C11-22-29)

B |

Definitions~ Sphene—11menite-ep1dote-amph1bolemalb1te metaudlornte.

Hand specimens- M.g. grey. amphlbollte.

Microsection:~ The rock consists of f.ge.-m.g. subhedral short prisms
of clear and twinned (albite and pericline laws) plagidclase
(albite, An,), fego-m.g. poikiloblastic amphibole (Z-deep green),
with inclusions of mic.-f.g. quartz. Epidote is a common.
component, and occurs as f.g.-m.g. irregularly-shaped grains and
aggregates, Relics of ilmenite replaced ty sphene to varying
degrees are common accessories, DPrisms of apatite are minor
accessonies,

Mode (est.):- Plagioclase 65%; Amphibole 20 Epidote 10%, Opaques,
Sphene, Quartz and Accessories 5%. -

Petrogene31s.- The rock is possibly a recrystallized metamorphosed
diorite. The original intermediate plagioclase was completely’
replaced by albite, and the released lime and alumina went into
the epidote molecule and facilitated the replacement of ilmenite
by sphene. The amphibole may be partly primary.



APPENDIX TI

Programmes for geochemical studies.

(1) Geochemical and electron probe studies of ortho-amphibolites and
para-amphibolites from the Cloncurry 1:100,000 Sheet area.

36 specimens have been submitted for major and minor element analyses,
ags well as for an electron probe study of the principal constituent
minerals. The following are the principal aims of the study:

1. &n investigation of the relationships between base-metal
concentrations, host-rock geochemistry and metamorphic
grade.

2. The relationships between the compositions of the major phases
(plagioclase, amphibole, epidote) and host-rock geochemistry.

3. The investigation of the possible use of some trace elements as
ore indicators.

The following elements will be analysed for:

si, T, AL, Fe*3, Fe*?, Mn, Mg, Ca, Na, K, c0,, P

Co, Ni, Zn, Pb, V, Rb, Sr, Ba, Sc, Y, La, Zr.

205, S, Cu,y Cr,

(2) Geochemical study of black slates.

33 specimens of black slate from the Marraba 1:100,000 Sheet area
and the Cloncurry 1:100,000 Sheet area have been submitted for major
and minor element analyses. The specimens are derived from the
Marimo Slate, the Corella Formation, and the Soldiers Cap Formation.
The following are the main aims of this works:

1, To facilitate a comparison with the Mt. Isa Shale, with possible
implications as to the favourability of the various slate units
as host-rocks for ore bodies of the Mt. Isa type.

2. A comparison between the composition of slates associated with
copper deposits and barren slates.

3. The geochemical study of the slates may yield information on
the salinity of the water (B %a, Rb ratios), sedimentary
maturity (Al/Na ratios), alkali contents of the environment
(Na/k ratios), and possibly the role of biogenic agents
(P205, C, CO, and § contents).

The elements to be determined are as follows:
Si, Ti, AL, Fe3, Fe*2, Mn, Mg, Ca, Na, K, sz*, 07, co,,

H

P.0., C, B, S, Ga, Zn, Pb, Cu, Cr, Co, Ni, V> Sr, Ba, Rb,2Sc,
2052 Cs

Y, “La, Zr.

All the specimens will be mineralogically analysed by X-ray diffraction.
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