
Record No. 1969 /126 

~,. \. flCSQ 
"..... . °"1 ~" ~~"\ ~~ 

: \.\~~ ? '. 
~'" () ~ "\. P 

I? ~t- ' 
, CAI'!JI,t\\. · 

Geology of the .. 

Area - Upper Dilava - Auga - Middle 
Angabunga Rivers Area, Papua 

by 

R.P. Macnab 

ll'~ ,,"JVoy,oW:~ W"l~1Itl!t ttII t tK't> •. ~~ I'om ~~ ~'m'dl bf 
~hJJ~~d ~~01 ~~e $~ d'~ :;lIIII ... " 
rd u~ t~"" ~~~ \1rIil ~t If! u~t'IIP'AI'iI:€O!ll'I 
dll"d ~'i fJI! miMl-0iI0; ~f~'li!'i- &q ffl!lI *liII'i Ii!llt ~J~ 
fit JP:f %lrJ1'!1 Ut' ~ itt II Hl~'~"'r ~ ~ 0' l~ .. -,;",a 

1li:I\~~ei""p:<!i'wr~"''oII1!,~'t u'1'"'''' !)tm~lf. ~ Ii'; 
~'1¥'ll,Q, ~tn. ~~ .. (~fV11. 



• 

" 

• 

• 

GEOLOGY OF TRE AROA-UPPER DILAVA-AUGA-MIDDLE 

ANGABUNGA RIVERS AREA! PAPUA 

by 

. R.P, Iobcnab · 

Recorda 1969/126 

SUMMARY 

INTRODUCTION 

Physiography 
Vegetation 
Rainfall 

CONTENTS 

Population and Access 
Object and Method of Work 

GEOLOGY 

CIiVEN STANLEY IlETAIl!CRP!lICS 

AIBAlA VOLCANICS 

AUGA BEDS 

TALAI.1A VOLCANICS 

YAIFA FORMATION 

Ml' . llWIDSON VOLCANICS 

. INTRUSIVE ROGKS ., 

STRUi:TURE 

8

b
l Por.pbyritic Rocks 

·Plutonic Rooks 

GEOLOGICAL HISTORY 

REFERENCES 

APPENDIX I AUGA RIVER SECTION 

General Description 
Traverse Details 
Petrog;,..phy 

i 
1 
1 
2 
2 
3 

4 

4 

8 

9 
12 

13 
14 
15 

15 
16 

18 

19 

21 

.. 22 

.22 
22 
25 

The information contained in this report baa been obtained by the 
DeI8rtment of National DevelopIlImt, 8S part of the pOlicy of the Common­
wealth Government, to ass.lst in thq exploration and developtOO'nt of 
minera'l ':resources. It may not be published in" M¥ form or used in a 
company prospectus without the permi~~.1 on ,in writing of the Dixector, 
Bureau of 'Mineral Resources, Geology 'and Geophysics . 



• 

'.J 

• 

APPENDIX II - PETROGRAPHY 

Owen- Stanley Metamorphics 

Tal~ Volcanics 

Yai£a Formation 

Mt. Davidson Volcanics 

Intrusive Rocks 

(e) Porphyries 
(b) Plutonic Rocks. 

APPENDIX III - PALAEON1ULOGY 

TEXT FIGURES AND PLATES 

rage 
35 

35 

41 

43 

43 

43 

43 
45 

48 

Figure 1. Orientation diagram for poles to cleavage in 
the Owen Stanl~y Metamorphics. 

Plate 1. Geology of the Auga. River Area. 

Plate 2 • Lithology, Auga, River Section. 
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' SUMMAIW 

The: - an.s examined in this lOte:- is centred about 70 miles 
north-northwest of Port· M::Iresby. pa}ua. Sl1.ghtly more than three we eks 
were S?6nt 1n the fi eld, be tween 3rd and 27th May, 1968. 

Nbrtherly trending schists, semiachists and metasediments 
of the OWE.n Stanl ey Hetamor."hics are flank ed to the west by similarly 
trending, stee:)ly di ';o ,11ng marine sedimentary rocks of t he Uppe: r 
Cretaceous (Senonian) t o Lower Miocene t e ' stage Allga Eeds, and by the 
UJru;·r Cretaceous (Senonian) Aiba·la Volcanics which conformably underlie 
them (with the youngest rocks lying closest to the Me tamorphics). The 
stee~ di~s and roughly confo~ble attitude of t he Metamorphics and 
flanking sedimentary rocks have r eBulted from ver tical and transcurrent 
movement on a number of closely S?8ced. slightly Sinuous, northerly 
trending strike faults, caused by high angle over thru s ting from the 
east (?robably 1n the Miocene be tween the le i and If' ·stages). Varia­
tion of stress during f ormation of the Metamor?hics (d eeper seated 
?Lower Cretaceous or older Mesozoic sedimentary r ocks metrunorphosed by 
the high angle overthrusting) has r esulted in variation in metamorphism 
from inci~ ient recrystallization to the formation of almandine - and 
some glauco~h8ne - bearing schists. SUbsequent retrogre ssiv2 meta­
mor?hism of schists is a ,) arent in many thin sections. porphyries and 
fewer intermediate ~ lutonic r ocks widely intrude the Hetamorphics and • 
to a l e sser degree, the Auga. Beds~ In the south and west, the area 
is overlain by two subhorizontal units of volcanic rocks, the Talsma 
Volcanics (?Hiddle Miocene lowe r If' -stage *) and the Mt. Davidson 
Volcanics (?U ~:Jer Miocene t o Pliocene), se~arated by a unit of ~Xlorly 
consolidated sedimentary rocks, the Yait-a Formation (?U~p!=r H.1ddle 
MiocEne ). These rocks are broadly t . .Jar j?ed. with a shallow re810nal til t 
to the 6outh\/est . 

'* In this r eport Tert-i a ry -If I stage is assumed to be equivalent to 
Mtdd,le Miocene, and Tertiary Ifi _2' stage or lower · lfl stege to be 
the lower part of the Midd l e Miocene. 
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INTRODUCTION 

The area examined in this NOte· is centred 70 miles north­
northwest of Port- Moresby in the Kairuku and Cailala 5\lb .. distri.cts 
of the Cent·ral Dist·rice of Papua. It lies within the Yule and Buna 
1 :250·,000 map shaet areas, and extends from the coast at Galley Reach, 
northwards into the mountainous country of the Aroa ' (laloge), Dilava, 
Auga· and middle Angabunga drainage systems. Slightly more than three 
weeks were spent in the field, between 3rd and 27th ~~YI 1968. 

The mcpping programme was planned in order to re-examine and 
correlate areas previously mapped by geologists of the Australasian 
Petroleum Coklpany and Resident Staff of the Bureau of Nineral Resources 
(see· References), with the principaL aim of examining th~ field relation­
ships existing between the OWen - Stanley Metamorphics and the sedimentary 
rocks flanking them to the west. 

Physiogre.phy 

Within the area mapped there is a gradual rise to the north~ 
east from the coastal foothills near Gall~y Reach end from the coastal 
plain near Kubuna, towards the main range which forms the backbone of 
centra l FapuQ <r:ount St. Marie, 12,108 feet; fY'Dunt Albert Ed ward, 
13,100 feet)., The major drainage is deeply incised, givine rise to a 
steep and often precipitous topography, with ridges rising to over 
7,000 feet in the northeast corner of the map area. Sha llow dipping 
volcanic and sedimentary rocks form a thick veneer over pert of the 
arca, eroding readily to form dissected plateaux with pr~cipitous sides 
(the- most prominent of which lies to the north of the ~p area ~nd west 
of Tapini, lo:iount Yule, 10,800 feet high). Where the sub-horizontal 
volcanic and sedimentary rocks have been completely relOOved, 'ridges are 
narrow and steep sided. 

Vegetation 

Dense rain forest covers most of the area mapped, broken 
only by small areas of grass. native gardens and secondary regrowth 
(largely in the populated upp~r Dilava and Auga Vall~ys). Rein forest 
gives way to grassland and op~n eucalypt forest on the coastal plain 
below Kubuna. Large rubber plantations have been established 'on the 
coastal hills around Galley Reech. 
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Rainfall 

Little is known of the distribution of rainfall in the area 
mapped. The coastal region is relatively dry, with rainfall figures 
rising sharply in the foothills and mountains. At Kanosia Estate in 
the Galley Reach area the average annual rainfall is 60 inches. at 
J(ubuna 107 inches. and at Fane in the Auga· Valley 125 inches ; rain 
falls mainly between tbvember and June" large ly durine the northwest 
IICInsoon. 

Population and Access 

Population in the easte rn part of the mapped a rea is concenw 

trated mainly in the upper Aug~ and Dilava River valleys, with a scalI, 
scatterad population centred around several vil1ag~ s (taloga and Ina!) 
in the Area· River headwa.ters. These people belong to the Fujuse Clan, 
end are administered fro~ a SUb·d istrict Office a t Woita~e (which lies 
to the eas t in the Vanapa River headwaters). A Cotholic i·liss i on has 
been maintained a t Fane- in the AuS4· Valley for more than 60 yc.ers; the 
Mission being part of the Papull.n Province of the hiss ion of the Sacred 
Heart, which has headquarters e t Kairuku on Yule Island, and is main~ 
tained by France. At the tilae of the writer I s visit, the Fane riission 
was staffed by three French Fathers. Regular visits are raacle by the 
~assion Fathers to outstations ~t pa~s (Inai) and Ialose in the Aroa 
Rive r h~dwaters, and Kodige in the Dilava River headwaters, as well as 
to ~ission outstations in the Auga Valley. 

In the midd l e Angabunga River area the population is COncen­
treted at Bnkoiudu. The people belong to the small Kun! Cl an, who have 
moved to Bakoiudu in the past six years from villaees a ncl h~le ts 
scattered through the lower Auan- VnlleYt lower Dilava Valley and the 
middle Angabungo River area (with Mission stations being abandoned at 
Deva Df> Vll, Oba Oba, · l1aimai and Yoifa). Bakoiudu is a resettlement a r ea 
in which the Administration is assisting the Kun~ people to establish a 
co-operative rubber plantation; it is reached by a dry weather vehicle 
road from Kubuna and is administe red from Bereina. 

Access to the upper hugs Valley is by bridle tracks (graded 
tracks for mule or horse caravans pr epared by the Mission and Ad@ini~ 
stration) from airstrips at Woitape in the east and Tapini in the 
north. A br-idle track links Kodige in the Dilava Valley with Fane· in 
the Auga Valley, crossing the divide in a pass at 6,000 fe e t. Beyond 
Kodige the track continues to' !aloge and Inai· in the Aroa Rive-r head~ 
waters; from Inai- there are several major walking tracks to the coast 
in the Galley Reach area.- Secondary tracks and small hunting tracks 
are numerous throughout the a r ea. Walking along major streaQs is 
generally difficult because of the precipitous nature of the country. 
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Access into the middle Angabunga Rive~ area is by vehicle 
road to Bakoiudu frota airstrips at Kubuna or Bere-ina (roed via Kubu·na). 
From· Bak~ludu walking tracks go to the north across the Angabunga River 
(to -1'apinO and to the east between the Angabunga and DUava Rive·rs.* 

Helicopters are of little use in providing access into QOst 
of the area mapped because of the scarcity of natural landing sites. 

Object and Method of Work-

The prinCipaL object of the survey was to obtain geological 
sections fro~ the metamorphiC rocks of the Owen Stanley Ranges, through 
the sediQentary rocks which flank them to the west. Previous inter­
pretation of the lithologies and structure was based on a section drawn 
by de Verteuil and Rick-wood (1946) froro exposures on the bridle track 
along the southern slopes of the Auga Valley. In 1965 French crossed 
from Fane · to Kodige in the Dilava River headwaters and traversed down 
the valley to near the faulted margin of the metamorphic rocks~ but 
did not go beyond this. In planning the present survey it was apparent 
that the best sections would be obtained by traverSing along the Auga 
and. Dilava Rivers~ as exposure would be fresher and more continuous 
than on the foot tracks. 

Fieldwork by Frat t and Whi t·tle (} 958) in· the lOWE:r Arca· River 
and [;)iddle Angabunga Rive ·r areas showed a thick sub~horizontal covering 
of largely volcanic rocks along the edge of the mountains. It was 
planned to investigate these volcanics in the lower part of the Aroa 
and Dilava Rivers and in the middle Angabunga Rive·r area (which is also 
the location of a pro~osed hydro-electric scheQe feasibility investig~ 
ti:on). 

On May ·2nd. 1968, the writer travelled on m. v. UKenol! to 
Kana-sia, in company with geologists R.J. Tingey and LD. Hohnen, 
Technical Officer B.J. HUmphreys, two native Technica l Assistants and 
16 carriers. From· Kanosia the party traversed up the Aroa River into 
its headwaters 0.00 crossed to the DUava River headwaters. where the 
party split. Tingey and Hahnen traversed down the uil~va River to 
Bakoiudu. returning to Port mresby on Hay ·16th; the writer, with 
RJr.:lphreys. crossed to the AUgd;· Rive·r headwaters. then traversed down 
the Auga' and middle Angabunge Rivers to Bakoiudu, returning to l:'ort 
~resby on May 28th. 

* Before the opening of Woitape airstrip (8 years ego) the Mission 
maintained a bridle track from Kubuna to Fane, passing throueh the 
present site of Bakoiudu. This· track has since been largely 
obliterated between Oba Oba and Popolei (nea·r Fane); \-lith the 
abandoning of Oba Oba hission severel years ago, the Cba Oba ,to 
&lko-iudu section of track is now falling into disrepair. 
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Aerial photographs from the Mt. cameron, Ononge , TUlly Peaks 
and Kubuna photomap areas were used 1n the field, in the preparation of 
base maps and in photogeologic inte rpre tation. 

A la·rge number of thin sections were prepared and examined in 
Port· Moresby by the writer; these are referred to in the text and fuller 
descriptions are contained in the Appendices. 

Microfossil samples collected during the survey were examined 
by Dr. Belf?rd (&J.reau of Mine·ral Resources, canberra> ~ see Appendix 
111.-

A Completaentary Investigation Note on the traverse down the 
Dilava River has been prepared by P.O. »Ohoen (see References). 

GEOLOG"{ 

With·in the area raapped, northerly trending schists and [;leta­
sedirllen ts of the Owen Stanley 11etamorphlcs are flanked t o the west by 
similarly trending. steeply dipping marine sedimentary rocks of the 
Upper Cretaceous (Senonian) to Lowe,r l'docene le I s tage AuRa neds, and 
the underlying Upper Cretaceous (Senonian) Ai·ba-Ia Volcanics (with the 
youngest rocks lying closest to the Metamorphics). The ¥~tamorphics 

and, t o a l e sser degree, the Auga, Beds· are widely intruded by 
porphyrie s and fewer plutonic rocks. In the south and west , the area 
is overlain by two subhorizonta l units of volcanic rocks, the Tal~ 
Volcanics · en-addle Miocene If

l
_2 I stage) and the Mt. Davidson Volcanics 

(1Uppe r Miocene to Pliocene). separat~d by a unit of poorly consolidated 
sedimentary rocks, the Yaif-o Fonaation (?upper Middle Mocene ). 

OWEN STANLEY METAMORPHICS 

The Owen' Stanl ey Me t.araorphics 3r a an undiff e r entiated succession 
of metasediments, seruischists and low-grade schists crop~ing out in the 
a rea m.s.pped 1n the Aroa·) Dilava and Auga River he£LdWtlters.. The u1eta­
sediments a r e poorly to moderately foliated, gene r a lly liCht coloured, 
partly recrystallized argillaceous quartzofeldspathic arenites and fine­
grained st r e tched pebble conglomerates, and abundant dark slaty and 
sheared argillaceous siltstones and shales grading into serdischists. 
Minera l assemblages of the schists gener ally indicate l ower Greenschist 
facies conditions of forcation, however almandine is present in some 
areas, indicating the l ocal deve lop~nt of a slightly highe r Grade. A 
large Ilens ' of · garnetif erous schists trends northwards across the Dilav8 
River into the Auge. · Rive·r headwaters, and the litholoeies he r a include 
sOQe gleucophanc schists; sie ilar garne t schists a l so crop out east of 
Fane· in the Auge ' River headwaters. Altered subt.lerine volcanics inter­
bedded with s latey siltstones in the Ausa· River section probably belong 
to the Owen· Sta.nley Metamorphics. but may r epresent a pha se of subm3rine 
volcanisr.; in the clOSing stages of deposition of the Auea Beds. Fine­
grained ?crystal tuffs are pre sent in the ~etasediments in the Aroa 
River headwaters. 
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There is no evidence of systematic variation from rJeta­
sediments to adjacent semi schists and schists; the latter are probably 
formed largely from fine-grained arg illaceous sedlcents more suscept­
ibl e to regional change . The presence of large 'lenses' of ruore 
highly metamorphosed . rocks indicates that the distribution of stress 
and temperature during metamorphism was differential. Evidence of 
retrogressive metamorphism is apparent in many thin sections. 

The least metamorphised rocks of the Owen Stanley Heta­
morphics in the area mapped crop out ~inly in the Aroa River head­
waters where they are larely medium and fine-grained metcsedi~nts and 
dark sem1~hists and low-grade schists. The coarser clastic fraction 
of the. liIetasedililents (GllB·, 12A, 12B, 24) cOr::lprises generally sub­
rounded to sub-angular rolled fragruents of chert, ar e illite, kaolinised 
~lagioclase, strained quartz and r are fine-grained volcanics. The 
generally 'schistose' matrix is ~e up of fine quartz, illite , 
?ser-lcite, chlorite. indeterminate colourle ss and dark ore£l.nic material, 
sorlle calcite and rare epidote. In many instances the flukey clay 
r::Iinerals of th~ matrix f orm bands, l enses or sheared- out patches of 
uniforQ extinction; in some hand specimens these a r e dark and appear 
as hard, l ong, thin shaley l enses. Slet ey and sheared siltstones and 
shales have a composition sir::li l ar t o that of the matrix of the coarse r 
roetasedimants; in the semi schists recrystallization is more advanced 
and the schistosity better developed . • Schlstose , f o lietion llppears 
to be generally parallel to sedimentary bedding, and to the regiona l 
structural trends. Qu.:lrtz and calcite veining is fairly COfilfilOn • 

Massive r ed fine-grained tuff or l ava occurs within the r.\Cta­
sedir::lents at one locality in the Aroa River headwaters; in thin section 
(C21A) the rock is seen t o be an unsheared fine-grained as citic crystal 
tuff (?lave) comprising small grains of kaolinised plagioclase (so~ 
sodic) defining a poor flow foliation, and minor quartz and opaque 
oxide 1n a dark indeterminate oatrix with abundan t haematite and so~~ 
chlorite. Thin- beds of fine r grained msteriol (not hae~titic, light 
coloured in hand specimen) lie parallel to the Ifoliation'. 

~~ taYolcanics in the Aug~ River are considered to bel ong to 
the Owen Stanley l1etamorphics, but could equally well represent a 
phase of Lower Miocene le i stage submarine volcanism 1n the final stages 
of the deposition of the Auge Bcds~ The metavolcanics are more than 
3,000 fee t of hard, green, epidotised sub~rine vol canics with small 
deformed lenses of r ecrystallized grey-brown limestone , inte rbedded in 
the upper part with slatey sil tstones. YJ.lch of the epidotisation of 
the metayolcanic s is about jOint pl anes; shearing and brecciation is 
common, and also the intrusion of small andesi t e porphyry and gabbro 
bodies. 

The low-grade schists in· the Owen Stanl~y He tamorph ics 
( C 23, 41, 44A, 44 I\ 46A. ·46B, 5lA, 53) are dark, soft, thinl y banded 
quartz-albite-muscovite or sericite (-graphite) schists , in places 
with interbedded harder green epidote-chLorite-actinolite schis t s . 
They have a strong schistose cleavage and are largely the product or 

low-grade regional ~tacorphlSr::1, but some show evidence of for~tion 
by strong dislocation ruetamorphi SQ. In the coarse r-grained schists 
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FIGURE I 

ORIENTATION DIAGRAM FOR POLES TO CLEAVAGE 
IN THE OWEN STANLEY METAMORPHICS 
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Poles to cleavage Aroo and Oilovo River headwaters 

CJ Poles to cleolloge AUQO River headwaters 

o Lineations in the Aroo River headwaters 

b Lineations in the Augo River headwaters 

There ore insufficient readings to produce accurale conclusions, The 
probable interpretation is brood worpino of the cleavage about on 
axis plunging 200 to 190 0 in the Aroa and Oilovo Rivers 

headwaTers and 20° to 205 0 in the Augo River headwaters . 

To accompany Record 1969/ 126 C55/A2I7 
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augen-like aggregates of fine quartz "nnd albite are coccon, end also 
slightly lenticular porphyroblssts of albite with thin trails of small : 
inclusions aligned parallel to schistosity, indicatine Growth of the 
porphyroblasts in a period of QCtemorphism later than thet producing the 
cleavagej this ' retroBressive ~etamorphi~' is also marked by the 
recrystallization of coarser unstreined quartz and large flakes of 
muscovite, ~ny of which cut across the foliation . Where marked co~ 
positional and textural changes indicate the orientation or artainsl 
bedding, schistosity is parallel to this beddine. Dips. are steep in 
an easterLy direction. and the foliation is broad ly flexed or tightly 
folded (most probably the former) about an axie plun8i~ approxi~tely 
20P to 1900 in the Aroa and Dilava River headwaters and 200 to 20So in 
the Auea· River headwaters (see fisure 1). Shearing and lc.ter deforrna~ 
tion of the rocks are apparent, with co~n local SliGht to extr~ 
contortion producing marked puckering of the cleavage , polyclincl cnd 
isoclinal concentric folds or, in some areas, conju8Ate f olds associated 
with kink bards. Lineations are present in some outcrops, plunging 
variably to the east; in several cases the lineations appear to be 
caused by the intersection of a strain slip cleavaee with Ilh!twx>rphic 
or r emnant sedicentary bedding. 

Higher grade schists (G 28, 33A-H,· ·34A~B. 38, 39A- n. 4CA- B, 46C- D, 90 
and 101).containing almandine crop out in a l one lens extending north~ 
wards across the Dilava River headwaters into the Auga Rive r heedweters 
one cUe west of Fane·; similar schists also crop out to the east of 
Fane, indicated there by abundant wash in strell.l"ilS flowine into the Auga. 
River froe the south.· These rocks ~re formed in areas of l ocally 
higher stress and teoperaturei flow deforoation i s intense in cany places 
and several periods of oeta..aorphisr.l are indicated in r:lany thin sections. 
Glaucophane and related blue- ereen anphiboles are prescnt in several 
sections, but r e lated oinerals indicating the elaucoph~nc- Bchist facies 
were not r ecognised in sections exar..lined by the writ€: r (the presence 
of glaucophane is not related to ~etasoaatisu. but probably indicates 
physical conditions transitional to those pr evailine in the gloucophane~ 
schist facies) . Chloritoid schists reported fror.l noor Fane by. de 
Vert.;uil and Rickwood, and by Brouxham, were not seen oy the writer. 

~~taruorphic differentiation in the highe r e r ude echists 
varies froo absent to extre~e (in the latter case f orwine r.~no­

tlincraUic 'veins'). Hineral asserilb leges include ruany of the foUo",.. 
ing: albite, quartz, elcandinc, eQphibo l e. epidote, clinozoisite and 
muscovite; generally minor chlorite and calcite; accessory sphene and 
rare pyrite, rutile and tourmaline .· These r.lincrals and their 
occurrences are discussed briefly in th~ followine Farcgrephs • 

Albite occurs in roost sections as clear porphyroblasts; in 
SOtae it occurs as rageed. auhedrlll z rains forruinz bands or l ens<:s , and 
in SOQe it is interstitial or f orms scattered isolated erains. The 
porphyroblasts are up to 8 om. across and may be subhedral, irreeular 
or 'augen' shaped; in ~st sections they are hiehly sieved 
(poiki l oblastic), e nclosing scattered grains or undisturbed trails of 
fine amphibole, ep ido t e. clinozoisite. ~scovite , earnzt or sphene, 
lyine paralle l to the deforr.lCd schistosity (indicating post- tectonic 
growth of the poikiloblasts) . 1~e porphyroblasts are r..~stly untwinned, 
but may sh~w carlsbad twinning. 
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Qucrtz is generally prcs~nt but is l ess abundant then al ~i te 
in DOs t rocks (absent in G33G, 39L). It cost l y occurs as oeer egll.tes of 
r agged strained grains or with o ther cinerals in l enses or bands; in 
sone sections it folT.ls 'veins ' which filOy be gr anoblastic and may c on t ain 
ttails of very ~ll ' fish ~gg ' garnets. In some sections, r ecrystalliz­
a tion to coar ser, unstrained 8rains has t eken pl ace . 

Al mandine is present in cost sections, eener a lly as euhedral 
por~hyroblasts (up to 1 co. across in G90) a nd S@al l g reins . It Qey be 
distributed throughou t a section , but i s g~nerally concentrated i n 
l e n$as end bands (usually in e ragged quartz I"Xls£:.ic). In scr.~e bends 
the c r a ins are extrece l y soa11; trails and streeruers of 'fi sh ene ' eernets 
i~part a pink colour in hand spcc i Den t o the quartz 'veins' in which 
they occur. ~Dst of the garnet porphyroblasts ere post-tectonic in 
formation (second per iod of cetaoor phiso), enve loping tre il s of f in~ 

inclusions, hcweve r i n sorJa sections (C33G, 40A) the alnandine · is syn­
tectonic, showing r o ll ed por phy roblasts or flow of the tabul ar ~nd 

bleded mineral s around porphyrobl as t s. t1.:lny of the larger c.lr.1l<.ndine 
po rphyrob13sts a r e partly alte r ed inter nally (in fractures) to chlorite 
(with some [.ruscc..vitl.!)' muscovite fl akes and quertz lie ti'.c.reinal t o 
por phyr ob l as ts in SOI:Je sections.· AlIae..ndine is generally no t pre~nt i n 
the glaucophane r ocks. 

Amph i bo l e i s· a coeman mine r a l in mo st of the hieher grede 
me t amorphic r ocks (it is absent in e33C, 33~, 46C, 46D, 90). It i5 
gene rally bladed in habit, and may be felted where abundant; orienta­
tion of grains is generally pa r a llel t o schistos ity. 0rtic pr operties 
and composition vary, wi t h tw or (OO r e ar.:aphibolcs bei03 Fr esent in 
several s ec t i ons. P l eochroi sc i s costly from pale gr een (rerely 
neu tra l ) t o blua- green , or in shndes of pa l e gr een. Several sections 
(G33B, 38) contain co l ourle~s ?tr~lite. Bl ue-green and levender or 
viol.;t g l aucophane occurs in several sections (G23 , 33m, ('.nd is 
apparently unaccor.Jt-'ani~d by l awsonite , pU[j\pe llyit~, jc..d ::ite or ot her 
Qinerals indicating the g.laucophane- schist facie s ; the I'rcsence of 
8 lauco~han.; i n t hese rocks probably po int s to physical cOnUi tions 
bordering on t hose of the glaucophan~ - schis t f acies. 

Epi~ote or c l inozoisite are pre sent in many sections , occurr­
i ng t ogethe r in S Or.le . with zoisi t e a l so occurring i n G34A. 'they are 
quite abundant in some rocks, lying r oughl y parelle l to the fo liation 
when tabular. The epidote i s granula r or t abul ar, and in r.~ny instance s 
is quite fine-grein~d . forming aggregates in some sections; i t is pa l e 
yellow and s lightly pl eochro ic in many sections but t:Lay be colourl e ss . 
The ext inction engle var i es to quit~ l e rge. Cl inozoisite occur s es 
tabu lar or bl aded crysta ls, a ligned r oughly a l ong the schisto~ity. 

rilscovite is generally pr esent, though in sane r ocks it is 
only a l.linor consti t uent. In rilllny r ocks it is conf ined to definite 
bands.. Large gr ains ar e quite cOJ:ll"ilOn and these in r.lllny Cllses r.l.:ly be 
due t o r etrogressive metarJOrphis~ or r ecrystclli zaticn (erowth follow­
ina the defonaed f o lia tion in sot.li! r ocks (.:;34B) and cutting acro ss 
schi stosi ty in other s (G39A) . 
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Chlorite is a fairly abundant mineral in severel sections, 
and is Il Llinor or rare constituent in raany. It is pale .sree'n or sreen­
brown • . and in one s'ection (G33C) occurs both as fine shredded chlorite 
and e.s Larger flakes .. Green chlorite also occurs J1S a secondary 
mineral~ as an alteration product in fractures in ga~et • 

Calcite .,occurs in a nUQber of sections. It is a COLuoon in ... 
rer.stitinl cineral with chlorite in bands of poikiloclastic albite in 

G33D; in section G46D it-occurs in the cleavage and between flakes of 
schistose ~scovite . Ragged patches of calcit~ are scattered through 
sec tion G34A. 

Sphene is a common accessory in Qany sections: accessory 
rul:ile occurs in G33D· and G33F; pyrite 1s p'rese nt in. G40A-, and 
tourcaline is- an accessory mineral in G90. 

The 
however it is 
me t&xJrP h i $I J 

defomation. 

. . 
genesis of the alQandine bearing schists is not : knowo, 
obvious that many ere ~he product of several periods of 
and that they have posSibly undergone several periods of • 

AIBALA VOLCANICS 

The Alhala Volcanics (P·ratt and Whit·tie, 1938) are a th.ick 
succession of highly jointed, generally easily weathered, altered sUb­
carine. dolerites and basalts and possibly minor tuffs forr.li.n3 steep 
slopes and deep gorges along about l(l:·Iililes of the middle Aneabungo. 
(Aibala) River. They crop out also along the lower Auea River, where 
they are interbedded in the upper part with thick units of indurated 
siltstone, and nppear to pass conforrno.bly upWArds into the Auga Beds·, 
which are Upper CretaceoLls (Senonian) at the base; in t he nUava Rive·r, 
limestone l enses interbedded in the upper part of the Aibaln Volcanics 
contein Upp~r Cretaceous (Senonian) foraminifera (Hohnen, 1968). * 

* It.e Aibllia Volcanics were previously thought to be ?Lower Niocene 
in age, ~cause of incorrec t correlation with the sub-horizontal 
?Lower Miocene volcanics unconformably overlying the Gwen Stanley 
Metamorphics in the upper Allga River/Vanapa River area. 
Downstream from the Senonian limestone l enses 1n the ~ilcva River, 
volcanic arenite collected by fbhnen appare~tly from t~lG. Alhala 
Voi.cdnics contu1r. 10w;;':- !f' stage U1iddlc ~..i:::::e~e} £cre..r::1i!!ife re. 
this arenite is considered by the writer to be e down-faulted 
wedge of 'l)1.1aEC.. VolcaniCS, but there is a possibility the.t it 
represents , the true age of the Aibala Volcenics, ancI limestone 
and sil tstone interbedded in the margin of the Volcc.nics are 
fault slivers of lower Auga· Beds. 

'. 



AIBALA VOLCANICS 

SOFT-WEATHERING, HIGHLY JOINTED, ALTERED LAVA (STEREO PAIR) 

HARD "FLINTY" LAVA 

ANGABUNGA RIVER CUT 
INTO AIBALA VOLCANICS 
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n,e Aibala Volcanics are e·enerlllly massive end show no 
indication of attitude. In hand specimen they are dark, closely 
jointed, sheared and broken gabbroic-doleritic - and basaltic~lookins 
lavas and intrusives , mostly with abundant zeolite and c~lcite veining. 
and in places highly zeolitizcd. Small lenses of very hard fine­
grained silicified basalt are cOmQOnj In places there are 1aree outcrops 
of simi l ar 'flinty' lavas. In the upper part of the Aibala Volcanics 
in the Auge. River, thick units of easUy weathered vo lcanic rocks are 
interbedded with indurated siltstones and sandstones containing SOQe 

ca lcareous lenses and interbeds; the sedime ntary r ocks are thin-bedded 
in places, a nd some sluep deformation 1s present. The t op of the upper· 
~st volcanic interbed is considered to be the top of the Aiba la 
Volcanics and the base of t he Aug& Beds. 

In thin sectien (see· Appendix I) the basalts and do l erite s 
of the Aibll .. l a Vo l canics (G92,· 9SA, 97B, 98. 99A, 8" IOU. B. C, 102), 
are seen to have an esseotial tholeiitic composition (when unaltered) 
of plagioclase and augite. with orthopyroxene present in a ou@ber of 
sections, and inte rstitial chl orite or chlori tised r.lesostllsis a nd 
accessory opaque oxide; Qinor quartz may be present. Fl asioclase l aths 
8r~ mostly randoml y orie ntated, but may foro radiating aggr~getes. the 
texture in several sections is sub· ophitic or ophitic. ~llneral grains 
a r c generally highly fractured or shattered. and shearing is comeon. 
Alte·ration varies from minor to extreme, with plagioclase a lte ring to 
kaolin or zeolite, and pyroxene becoming cloudy or a ltering partly t o 
chlorite or pal e green amphibole. In so~ outcrops. fine· grained basalt 
has apyarently been partly slliclfl~d, forming very hard red, black or 
greenish-white j asper·like l e nses and bands in the dark easi ly weathe red 
lav~ (G92, · S9A) . in thin section the basalt t exture is seen t o be preserv· 
edt with randomly orientated pseudomorphs of radiating chalcedony after 
plagioclase, set in a groundmass of chalcedony with fine epidote and 
minor calcite (the degree of alteration varie s in section G92 in which 
r e l a tively una ltered parts of the rock comprise l aths of plaeioclese 
and small grains of augite a nd oinar orthopyroxene). Veining is generally 
present in t he Aibala Volcanics, and may be chlorite, zeolite , ca lcite or, 
in some sections, zeo lite- prehnite veining. 

Rare- iooica tions of attitude in the Aibala Volcanics show them 
to be steep dipping , at l eas t in th~ upper part. Because of the 
scarcity of structur a l infor runtion, and because the succession is 
blanketed in the west (at the bese) by the Tal~ VolcaniCS, no accurate 
estimate of thickness can be made; it is probably great l y in e xcess of 
10,000 fe e t. The -Volcanics were probabl y poured out onto the ocean 
floor at considerable depths, with the cor~n intrusion of coarser­
grained rocks into the rcpidly accu~lating volcanic pile. 

AUGA BEOS (new n~ ) 

The Auaa Eeds ar e ~d by the write r to includ e all the 
sedimentary r ocks depOSited between the end of volcanisu in the Upyer 
Cr e taceous (~nonian) and the end of the Lower t-d occ r.e Ie ' staee. In 
the Au&a· Rive r section they include th~ ' Mafulu Crcup' and ' K~a FonJA­
tion ' of ~e Ver t euil and Rickwood (1946), which crop ou t a l ona QOrc 
than 5 !;Jiles of th~ r.-liddle Auge. RivI;.r (aee Flate: 1). The type section 
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is strongly faulted, cOQprising up to 17,000 f ee t of predominantly 
uassive. shaley and slatey black siltstone and thin· bedded shaley silt· 
stone and fine·grained sandstone, containing in the upper part sone 
inter-bedded indurated coarser-grained sandstone (grit) end pebble 
conglomerate. a nd t\YO thick calcareous units. 

The lower part of, the section ('Kea Forr.:lction ' ) is Upp.:·r 
Cretaceous (Senonian) in- age. and is faulted against the Lower Miocene 
'e' stage rocks of the upper yart ('Mafulu Group l).* Tne absence of 
Eocene rocks froQ the sec tion is probably due t o 1aree-scale @Ovecents 
(ove rthrusting and strike-slip IOOvement) on several hi3h-c.nele, 
slightly sinuous faults which trend northwards into the -.fapin t a reo 
(see plat~ 5); the abundance of reworked Eocene fauna i~ 'e' stage rocks 
paints to erosion of poorly consolidated Eocene seciifJents in some 
a reas. ** 

The n£llaes 'Vn.fulu Group' and I K€:<'! Forlilation' heNe been re~ 
placed by AUga Leds for a nucber of r easons: 

a) Dark sho.ley siltstones and thin· bedded siltstones and sand~ 
stones are the dominant lithologies throughout the Au3e Beds with 
relative ly minor units of recrystallized pebbly or sandy liaestone 
and coarser· grained sedioentary rocks in the ' e' stllEe (and else~ 
where in the Eoc~ne); t-he presence of these lithologies points t o 
the uppc:r Aug8 Beds· but thei r absence does not necessarily indicate 
the low~r Auga Beds. 

b) Sedimentation during def-osition of the Auge 8(;:ds was probably 
continuous. a lthough SOI"ile paraconforl>lities L1By e xist. a nd the sedi~ 
mentary provenance r emained the Siu;.e (except for the addition of re~ 
wo rked Eocene lile. t e rial in the l ower pert of the 'e' stage). 

c) Where def ined the 'Kea Forootion' and 'i"bfu lu Group I are 
fault separated; greater thicknesses of the section, including Eocene 
rocks, e re ~xposed elsewhere and it is not possible to establish the 
boundaries of the: 'K€:a Formation' and th(;: 'l~fulu Group'. 

K The '~~fulu Group' was thought by de Verteuil and Rickwood to be 
Eocene beceuse no diagnostic · ' e I ·stage fauna were r ecognised in 
so.wpl~s collected by them; e quivelent samples collected by the 
writer yield a lowE:r Ie' st.:lge (?Lower Hioce ne) <:ee: see P 1522. 
1523 Appendix Ill. 

** Eocene sees subsequently ob tained in the Tapini area could represent 
reworked Eocene materia l in which no diagnostic ' e ' st£lGe fauna 
were found, but probably represent r emnant Eocene rocks not reooved 
by erosion in the Ie' stage or by subsequent faulting . 



AUGA BEDS 

THIN-BEDDED BLACK SHALEY SILTSTONE/SANDSTONE. 

BLACK CALCAREOUS SHALEY 
SILTSTONE/FINE-GRAINED 
SANDSTONE WITH LIMESTONE 
NODULES 

SILICIFIED, SLUMP DEFORMED 
THIN-BEDDED ORTHOQUARTZITE 
(CHERT) IN THE BASE OF THE 
AUGA BEDS 



AUG A BEDS 

UGU RIVER - RED SANDY MARBLE WITH FINE PEBBLES (G79) 

INDURATED PEBBLE CONGLOMERATE 



SLUMP DEFORMATION IN THE LOWER PART OF THE AUGA BEDS. 



- 11 -

Because of its incompleteness the Auga ' River section is not 
o good type section of the Auga Beds-; 1£ a better section is found the 
Beds will be renamed . It [;Uly be possible to separate out a number of 
formations and meubers within the AU~1l Beds when there is ~re detailed 
mapping and better correlation between areaSj ~hoto8eologic interpre ta­
tion is very difficult in the cap area. 

In lilll.ny places, particularly in the upper part of the section 
dark highly sheared siltstones and fine- grained sandstones of the Auga 
Seds show incipient to marked recrysta llization of argillsceous 
material, developing a good 'sla t eyl cleavage parelleL to bedding; these 
rocks e re litho log ically inseparable from Qany senischists and fine­
gra.ined metasediments of the ewen Stanley Hetaraorphics, and the 
difficulty of identification is furthe r increased by the par a ll el 
regional a ttitude of the two groups. 

The sedimentary provenance during deposition of th~ Auea Beds­
was similar to that of the adjacent rne tased i~ents of the Owen St enely 
Me tamorphics; viz; a landcass of quartz-veined [;.letesedu.lents :J.nJ SO[;le 
l ow- grade- schists intruded by rare interr:lediate to acid plutonic r ocks, 
with sor.Je intermed iate and core acid volcanics.. Terrigenous r.ll1terial 
may have been derived frora several different sources. Grl'.ins a r e 
eenerally well rounded t o subangular, and ar e fairly well sorted. 
Quartz is the mst abundant clastic minera l, in r-luces forr.lin,3 ortho­
quartzites; it is eener a lly stra ined and in many cases is vein quartz. 
Plagioclase is the principal feldspar, althoueh minor orthoclase is 
present (?some perthitic) ; gr ains of both myrmekitic and microeraph1c 
quartz-feLdsp.:lr intergrowths occur.· l-etasediments comprise the 
l a rgest pllrt of the lithic fragr.le.nts (silts·tone , argillite, che rt, slcte), 
minor fine-grained volcanics are present (some chloriti~ed) and rare 
crenulated quartz- sericite schist, chloritised ferror.1C.gnesian grain$ 
and biotite. 

In the Auea River the uppermost volcanic unit of t he Aibala 
Volcanics is OVerlain by at l eas t 3,000 f eet of generally highly slump 
deforr.led th{if-bedded shaley bLack siltstone and fine- grained sandstone. 
which is scr-orated by a ~ajor strike f ault fro~ a t l eest 5,000 f e et of 
und eforme.d Uppe: r Cr.-:toceous (Senonian) siltstone, thin- bedded with some 
sandstone in the l ower part and generally oassiv~ in the upper part. 
This is separated by another major strike fault from 000 f ee t of r ed 
gritty end pebbly r ecrystallized l ice stone , with a dense grey liQCstone 
at t he base containing lower · Ie ' stage (?Lo~r Mi ocene) f or eoinifcrs 
and abundant reworked Eocene fauna. Overlying this is continuous 
ou tcrop of B,OOO feet of genera lly r egularly bedded rocks , comprisine 
4,500 f eet of shaley black siltstone with numerous indura t ed sandy and 
pebbly inte rbeds, overlain by 800 feet of lieht-coLour ed sandy 
caLcareous rocks and a further 2,500 feet of black siltstones, thin­
bedded and sandy in the l ower part .:lnu mass ive and highly sh~nred in 
the upper part. Overlying thiS, separated by a maj or fcult, are 3,000 
f aet of altered submarine volcanics which are interbedded in the up~er 
part with shear ed phy llitic black siltstones and fine- g reinccl sandstones 
presumed to be lone t o the Owe n StanLey l~tOQOrphics . If these volcanics 
llre LoW€r }'jiocene in age, the thickness of the Auea Beds is increased by 
cor 2 thsn 3,000 f ee t and the top was not seen in the AUSB River. 
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The Auga Beds are discussed in gr eater detail in Appendix 1 • 

TALAMA VOLCANICS 

In the west and south, the area mapped 1s overlain by two 
apparently conformable units of shallow dipping volcanics, separated by 
a unit of soft sedimentary rocks. These are the Talar.l£l. and Ht. Dc.vidson 
Volcanics and the Yaiia Fonnution (Pratt and Whittle. 1933, n~es 
formalized by SturIilfels, 1957). 

The lowest vQlcanic unit, the Talama Volcanics, is a unit 
comprising up to 3,000 feet of thick-bedded basaltic and fewer andesitic 
subaerial agglomerates, tuffs and lavas of probable Middle Hiocene 
low~r 'f' stage 8ge ." It was named by Frett ami {~hittle for its outcrop 
in Talanoa Creek, a tributary of the Angabunga River, and \<,QS examined 
by the writer in the Aree, Angabuneo and Di l ova Rivers, and on the 
divide between ~dige and Fane; it is known to crop out extansively 
to th~ east of the area @aFped, as far as the Vanepa River. but was 
there correlated with the Aibela Volcanics, which were considered to be 
Lower Miocene in ege (de Vertc.ull and Rickwood, 1946 and Brouxhon, 
1965). The Volcanics unconformably overlie the. Owen Stanley HetaIJorphics 
and the steeply dipping Aiba-la Volcanics and Auga Beds; en 1£1_2' stage 
age for the Volcanics would correlate with the observed pattern else­
where in the New iliinea mainland, where tiD.jor deforma.tion took place in 
mobile belts in the Niocene between the Ie' and lower 'f' steses, with 
subsequent erosion being followed by extensive 'f1_2 ' steee volcunisro. 

Pyroclastics predominate gre<lt ly over lavas in the Vo lcanics. 
They· are gener ally 1IlQ.ssive or thick-bedded agglomerates, comprisine 
moderately rounded cobbles of basalt, up to 9 inches across, 1n a 
tuffaceous matrix. · Inter- bedded crystal tuffs ere ITlJch less common. 
Angular agglomera t es and breccias are associated with lava flot~s in a 
number of places. Porphyritic augite basalt is the lOOst common rock 
type, with minor olivine or lamprobilite grains present in some szctions 
(see Appendix II) . Some of the basalts arc vesicular. The composition 
of the interbedded andesitic rocks is augite andeSite, or ou3ite ­
hornblende (or l amprobolite) andesite in which brown biotite r,lIlY be 
present. 

In the Arc..a Rive·r area the TalMon. Volcanics were laid down 
on an uneven surface of steeply dipping sern1schists and metasedimilnts 
of the Owen Stanely Netamorphics . Many lenses of well sorted fin e 
agglomer ate, tuff, tuffuceous siltstone and clayey mudetone are inter­
bedded 1n the base of the succession, indicating distribution by 
streaos, in part at least. at the onset of volcanism; the ' Flnnt Re~ains 
Group' of Pratt and Whittle, 1938, 1s one such lens, 10 feet thick and 
containing well preszrv.=d l eaf moulds.· Higher up, the succession is 
massiv-= end coarsely bedded agglomerate, with lavas and some tuff, and 
there is no indication of sorting or distribution by water. Thc 
Thickness of the Talanill Vo lcanics does not exceed 3,000 feet. 



TALAMA VOLCANICS 

BLOCKY LAVA IN THE BASE OF THE VOLCANICS 

ANGULAR AGGLOMERERATE IN THE TOP OF THE VOLCANICS 
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On the divide between Kodige and Fane the Talaae Volc~nics 
crop out as lavas, tuffs, and quite hard agglomerates (\Olith cobbles 
gener.e. lly l ess than 4 inches across). The -volc a nics here were 
previou s ly correlated with the Aibe la Volcanics (de Vert2uil and 
Rickwood, Brouxhon), but ther e i s ne ither litho loe1ce1 nor p~oto­
gcological evidance to support this. TO the east, between the Vanapa, 
Auga, Di l ava and Area· Rive r s. the Talama Volcanics are predocinantly 
basalt l avas and eggloQerates. with tuffs cocmon in t he basal section; 
minor andesite interbeds are pr esent (Brouxhon, 1965), 

In the middle Angabunga River ar ea the Talarna Volcanics form 
the narrow, steep sid~d Yatfa Gorge . Above the Bor ge the base of the 
Vblcanics rests unconformably on the Aibala Volcanics ~nd dips south 
cnd southwest a t 30 t o 40 degrees. Below the goree diFS are less than 
20 degrees, shallowins downstream t o sub-horizontal i n the overlying 
Yaifa Forrao.tion and Ht . Davidson vo lcanic s ; it is probc.ble that the 
eastern edne of the volcanics is Q roonoc lina l war.p (see platE: 3). ~ar 
the base of the succession t hick l a va flows are COUDan, and these in 
places a r e bl ocky; many of the neg l omer a t e s are volcanic brecc i es (one 
with angular boul ders up to 4 feet Qcrc.ss) ; t uff inte rbeds show graded 
beddinB, and minor pillow l ava is present in the river wash (some of 
these may be marine) . The Yai£a Gorge is cut into interbedded aeglom­
erate, lava and ciner tuff. Be l ow the gorge i s a 200 feet thick 
section of tuff a nd vo lcanic congl omer a te with 0. tuffaceous r,Kltrix,* 
overl ain by sever a l hundred feet of basic l cvas , vo lcanic breccias and 
tuff , which is in tu rn overlain by up to 500 feet of bou l der conslccer­
a t e, comprising rounded bou lde rs of augite (-lauprobolite) andesite 1n 
a soft tuffaceous QQtrix; t he cong l orJera te grades up in to t he sof t 
sedi~ntcry r ocks of t he Yaifa Formation; it i s he r e cons i dered t o be 
t he basal uembe r of the Yaifa FOrm:ltion. 

The tuffs a nd volcanic cong l omerates immediately below the 
Yaifa GJ r ge a r e easily wea the r ed and e 110w the ri ver t o npr eud before 
it is again constricted by the overlying l avas. These l avas are 
vesicular in oany pl aces, rarC!ly becoming scoriaccous. SI.'1O.11 lenses 
of tuff and QUdstone l y ing in pool s on t op of flows we r e deforced by 
succeeding fl ows ; many flows were thin end narrow, £o llowinz 
depressionn. 

THE YAIFIt. FORt1A.TION 

Th~ Yaifa Forcation cOQprises up t o 1,000 f eet of senerelly 
thick-bedded, easily weathered fluviatile sedi&lentary rocka, derived 
l a r gel y from a volcanic provenance cnd partly from -a tbesecentt of 
hard schi sts and metasedito:ents. It was named by pratt and Hhittlc f or 
its outcrop in the vicinity of Yaifa vi llage (now abandoned since t he 
establi shment of Bakoiudu). 

* 'Thi s- section was mis-interp1eted by Sturmels (19=-,) as constitut­
ing the intersection of the Yaifa Formation by the Aneabunea Ri ver: 
the r.listakc was pr obabl y due t o the r e l ocation of the t.uin j·:Lai tl£li 
track and bridge ac ross the An8abunga Ri ve r hctween 1938 end 1957 . 



YAlF A FORMATION 

BASAL CONGLOMERATE - ULU CREEK 

THICK-BEDDED SANDSTONE/SILTSTONE - ANGABUNGA RIVER 
(Stereo pair). 
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n !e Yaif e. Fo rL1<ltion o ve rlies the Ta l cc..e. Vo lca nic s with 
a pparent confor Clity . end passes u pwards wit.hout d epos i t i o na l br ea k 
into the l'it. Davidso n Vo lcanics of pr o bc.b l c Uppe r Hi oce nc to Plio ce ne 
nge. It s age i s unknown , but could t e Middle t o UppG r }u ocene . The 
Ya ife. Fo r metio n was ex.:u::;inl:!d by the write r in t he Anac.bunco Emd DilavQ 
River z ; it i s corre l a ted with th~ 'Lolorca SediQentery Serie s' of Frat t 
a nd Whittle in t he Gc. ll ey Reach a r ea. 

At the bas e of the Ye ifa Fo r nation i s 0 co~ ionerate r.lCn ber 
wh ich e xceed s SOO f ee t in thickness in a s~ll s ide creel>;. (Ulu Cr",ck) 
o f ttc Angobunsa Rive r, e nd attains a t hickness of sc.ve r n l hundred feet 
in tbe Dil a vo River. The conglorJ~ rete i s r.!l!d e u p of gene r a lly wide ly 
separ a t ed. we ll-rounded boulders of ~ndesitc in c sof t , clayey tuffac eou s 
oetrix. It is mostly &I.:lssive . but oc.y be t hick l y bedC; ed~ c nd contn ins in 
p l aces l enticula r bc nds of soft, cl ayey tuf f l ess thc.n .5 fee i:. thick . Th e 
boulders a r e gene r a lly fror.l 6 inches t o 18 inches Qcro:;s , bu t Tile y be u p 
t o 4 fee t ac r oss ; they are compos ed of har d por phy titic a ue ite and 
a ue ite -l .:lOr obo lite a ndes ii::;:; ( GU1, 114 ) . I n ,seve r a l bands t he boulde r s 
bec ome quite .::.nuu l ar. Scatte r ed qu a rtz, herd sc h i st ,:md f.1c.tesed i tJZ nt 
pebbl e s occu r t hroughou t, bcCOl;line c or:, aon in the uppeo:- par t , whic h g r ades 
upwa r ds into a bou t 500 f ee t of bedded tuffaceou s sand stone , Silt stone , 
f.udstone and c l .:;;.ys ton~ , with l e nses a nd t h in bend s of pebbly tuffuceou s 
sands t one and fine co ng l occrate . Th~se sed i~ent s a r e very sef t, with 
irr~eu lar thick bedding; they d i p eently t o t he we st a nd scuthwest. 
car bonaceou s ~· l ant r E.liUins we r e f ound c. t e nuc be r o f l oc c.li t i 8 s. 

In the up per part of the Y.:l if o. Fo rr,\8 tion, c.t the f.)Outh of the 
na rrow gorg~ ( ~be Go rge ) into which t he Angabu nsa Rive r flo ws be l ow 
Yaif a , the sedi~nts be cooc coarse r, with beds of c one l ome r a t e up t o 20 
f ee t thick inte r bedd ed with thick be nd s of tuffac eou s sand s tone nnd 
pebbly tuffaceous sandstone. The c ong l ooe r e t es e r e r~e li p of c obb l e s 
nnd boulde rs. up t o 18 incheS ecross. of l e va , tuff and [,lcta.LIOrph,ic rocks , 
and pebble s of qu artz, in a soft tuffaceou s ~trix . O!~e f inc-erail1~d 
cong l ome r a t a exaoined in thin se ctio n (G120 A) contains we ll rounded 
pe bb l e s up t o 5 >m;l . across of a r g illite , chert, bas i c cnd i n ter mediate 
l ..:lvas . s l a t e a nd s e ricite schist, with Q. c c.l c ite cemen t . The successio n 
g r ade s u p into basic tuff s , aee l or,£r a t es and l avas of t h e ov~rlyine 
Mt. Do.vidson Vo lca ni c s . 

~~ch of the c l ast ic ant e ria l . in the Ya i fe Formct i on was 
derived by r ewo rking of the underlying Ta l or..a Vo lca nics , som~ was 
derived from the lJet.::.oorphic t e rra i n t o the no rtheast, ..:lnd much , 
particula rly the fine tuffe c eous na t c r ial, was t he product of cont~8p­

or a naous volcanism. 

!-iT. DAVI DSO N VOLCA NI CS 

The -Mt. Da vidson Vo lca nic s a r e r.lo re tha n 2,000 f ee t of bc.sic 
pyrocl l!s tic s a nd lavas f on ling z:o r ocine nt c liff sca rps north of the 
middl e Ang8buo&a Rive r . They were named by Pr a tt a nd Hhittl e froD 
Me. Da vid son incediate ly no rth o f the rive r, end crop out ext ensively 
t o the north a nd west, they a r e co rre l a t ed with t he !f.2nosi~ Vo lc~n ics 
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BASALT COBBLES IN A CRYSTAL rJFF MATRIX IN 
THE BASE OF THE MOUNT DAVIDSON VOLCANICS 
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to the south? in the Galley Reach area. ,Their probable age is Upper 
Miocene to P liocene (Sturrnfe ls, 1957), 

The Volcanic s were not examined in detail by t he writer; basal 
sections were exa~ned in the Aneabunga and Dilava Rive r s, nnd deeply 
weather ed agglomerates and tuffs near Bok~iudu. but the generally 
preci~itou6 na ture of outcr op in the area pr evented the exncination of 
a n&:>r e comple t e section,' !he ·Volcanics dip southw~st unde r the coasta l 
plain. Thickn~ss has been estimat ed froQ aerial phot oer aphs. 

In the Angabunga Rive r. tuffaceous sandstones and conglo@erw 
ates of the Yatt a Formation Brede upwar ds into tuff s, vo lca nic cone1om­
e rates a nd agg l omerates of the ?>:it. Davidson Vo lccnics . 11'1e ·t uffs are 
soft, weterlaid crystal tuffs containing l a r ge , well Freserved grains 
of augi t e. The agg l omerates cocprise fragments of cug ite busalt end 
o livine·augite basa lt, wuch of which is scoriaceous, in e soft crysta l 
tuff matrix. A sample of basal t from a.e:B l omer a t e near Bakoiudu (GI2l) 
was seen in thin section to contain rare phenocrysts of orthopyr oxene 
as wel l as augi t e . 

I n the Dilava River~ scree of ve sicula r o livine bcsalt (GI3l ) 
and e scsll go r ge of tightly packed agglomerate (fraecents up t o 4 
inches across of pyroxene basalt,- Gll2) marks the locally f aulted base 
of the Mt. Davidson Volcenics. These r oc ks are overlain by L'lOder a t e ly 
dipping massive bou Lder agg lomerate (boulde r s up to 2 f ee t ,,"cress·) · with 
beJs· of tuff 6 inche s ·.t o 4 f ee t wide , c r ou ine .upWatdo into 200 f e.e t of 
volcanic conglo~te cocprisine rounded boulde~o (up_t o. 3 fcct · o.c ross 
but genera lly l ess than 18 inct.es ) of· basalt (Ulch of which i s vesicu· 
l a r ) .in· an abundant tuffaceous matrix, with irregular tuff beds up t o 
5 feet thick. 

INTRUSIVE ROCKS 

The Owe n St alle l y He t ruoo rphics and, t o a conSider ably l esser 
dec r ee , the Augc · Beds arc in truded by both pl utoniC and porphyritic 
r ocks, with porphyries being the more abunda nt and wide sprecd. 

a) Porphyritic Rocks 

Forphyritic intrusions into the Owen St enl ey r~ temorphics a r e 
widespread throughout its a r ea of outcrop. particularly in the Aroa 
River head wa t ers. ~bst· of these intru s ives are hornblende andesite 
por phyries, in which alte r a tion varies from absent t o extreme j many of 
the e lter ed porphyries are pyritic and appear l eucocratic in hend 
speCimen. Sr;lall dol i!rite intrusions are l ess numerous, but intrude both 
the tE t aroorphic s and the sedimentary rocks of the Auee Eeds , pcrticu l arly 
in t he Ausa Valley . Porphyritic diorites and e r cnodiorites occur, but 
these are l a rgely r e l a t ed to the plutoniC rocks. 

In thin section the andesite porphyries (G13, 14A, 18, 19A, 
19B, 26C, 48A), typica lly comprise scattered phenocrys t s of euhedral 
pl agi oclase up t o lmm. long (many showing good oscillatory zoni ng , 
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varying from fresh to partly or completely altered to sericite~ ?keolin, 
calcite and some chlorite and epidote), lesser hornblend e (~ale green­
brown to olive green when fresh , generally partly or complete ly 
pseudomorphed by chlorite and caLCite, with some epidote, pale green 
amphibole and opaque oXide), and scattered granular opaque OXide, in a 
cLoudy quertzofeldspathic groundmass with small patches of calcite and 
rare r chlorite. The groundmass is silicified in the leucocratic altered 
porphyries, and contains abundant sericite flakes .snd, in one section, 
scattered epidote grains, calcite and fine sphene. In several unaltered 
porphyries the groundmass is made up of clear plagioclc.se end interstitial 
feldspar and quartz. Scattered pyrite greins. often erobayed. ere present 
in the altered porphyries. 

Dolerite occurs as narrow dykes and Sills, and in small 
irregular bodies. It is generally hard and poorly j ointed; a lteration 
is mostly minor but varies to extreme. A quartz dolerite intrudine the 
schists nenr Fane is seen in thin section t o comprise suh-ophitic, 
partly scricitised sodie labradorite, hornblende cnd minor biotite 
(associated with the hornblende) and interstitial quartz. with accessory 
magnetit,e or ilmenite and apatite. Further do\..m the Auge River a 
dolerite intruding the Auga Beds comprises extre~ely serieitised and 
kaolinised plag ioclase. smaller (partly interstitia l) aueite and 
enstatite (the-former partly altered to pale green amphibole end green 
chlorite) and inte rstitial green chlorite. quartz and some uicroeraphic 
quartz/feldspar. Skeletal grains of ilmenite. largely altered to sphene. 
are comraon , and a few grains of iron ore occur. Minor secondary epidote 
occurs throughout. 

A thick 'basclt' dyke (G20). is, intruded into a wide zone of 
fault breccia in the Aroa River headwaters; this comprises fine plagioclase 
laths (less ther. 0.2 mm. long). interstitia l feldspar. chlorite. some 
quartz, granular ~~aque oxide end abundant smell patches of ca lcite. 

(b) Plutonic Rocks 

The distribution of plutonic rocks is less widespread than 
that of the porphyries. Severel small bodies of diorite crop out along 
the upper Arc-a Ri ver, and abundant diorite Jemnodiorite wnsh shed s into 
its headwaters frow th~ M~. Ceceron Ran&e. Scattered small bodies of 
similsr 'dioritic' plutonics crop out in the upper Dilava and Auge 
Valleys, and gabbro intrudes meta volcanics in the Auga River section. 

Abundant ~ediua to fairly fin~·3rained plutonic wash is 
present in the northeastern headwate rs of the ArCia River, dr.ainine from 
the Mt. Cameron Ranee: (Gl4B, 26A, 26B, ·26D, ,.26E). These rocks are r.nstly 
dloritic in compositi0n, and many are pyritic; thin veins of more ~cid 
composition are common. They · are mass ively j ointed . hard, a nd eenerally 
fresh. Thin section examination shows them to be 1areely diorities, 
varying in composition to e ranodi orites ; veining is granitic and erano· 
phyric. The maximum erain·size varies frorJ 2 to 3~ Iilf.l. and the essential 
composition is 65 to 80% plagioclase. 5 to 20% interstitial quartz and 
orthoclase, Gnd 15 to 20% generally altered hornblende. Plagioclase 
varie s in composition from sodic andesine· to sodic labradc rite; it is 
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fractured in several sections and is'commonLy partly a lter ed to sericite, 
with lesser calcite and minor epidote. Orthoclase i s absent or a very 
Gioor constituent of the diorite ; interstitial quartz is eenerally 
present but Qokes up l ess than 10% (quartz and orthoc l nse together make 
up 20 to 25% of the eranodiorite). Ferromagnesian mine rels make up t o 
15 to 20% of t he rock, mostly in the form of g reen· brown hornblende 
partially altered t o chlorite. ca lcite, epidote, rare brown biotite and 
sphene <the· hornblende and secondary f erroQa5nesian Qinerals in soma 
sections r.>.£l,y be repLa.cing primary augite)." Primary biotite may be 
present in small amounts in the diorite, and i s a c:ljor f e_rromo.g nes i a n 
minereL in the granodiorite (C26E). Accessory opaque oxide and pyrite 
Qay be present. Veining in the diorite/granodiorite is e ranophyric 
with a granite mar g in (Gl4B). or "granite (G26E). 

Lower down the Ar oa River. below Ie loge village , the stream 
cuts through a 600 yard gorge of diorite ( GlS). Furthe r downstream, 
below Ina i village, a l a rge body of massively jointed. fine ~erained 

po r phyritic augite diorite (GB) "intrudes slc.te.y schists and is over l ain 
by t he subhorizontal volcaniC succession. This diorite i~ composed of 
SQall Fhenoc ry s ts of plaeioclose. pale green auBit~ Bnd some brown 
biotite, with rare pale green actino lite. set in a r e latively coarse 
groundoass of plagioclase, quartz, augi t e . biotite, opaque OXide and minor 
brown chlorite . 

Plutonic wash in the upper Dil ava and Auee Rivers indicates 
small scattered intrusions in thoir headwaters." In D. sr.:lall tributary 
of t he Dilava Ri ver, Flutonic fl oat includes biotite-hornblende (~aueitc) 
diorite/monzonite (G29A) and biotite-hornblende (-eugi te) adame llite 
(G29S)." In these rocks orthoclase is oore abundant than in the diorite/ 
granodiorite of the Area River, r e lict augite is present (largely 
r eplaced by pale z r een hornblende), a nd l a r ge sieved bioti~c flake3 are 
coamon . In the AugD. Rive r headwaters plutonic float is gene r a lly 
similar t o the t of the Dilava River. Float shedding froEl intrusions 
into the metamor phics includes fine-grained hornblende dicritc (048B), 
suti t e -biotite adamellite (GtOA) cnd a fin~- erained hornbl ende-biot ite­
augite diorite with large augite phenocrysts (G60B). Some of t his fl oa t 
is pyritiC, and selle contains abundant pyrrhotite. i'iicroer ap!1.ic quartz/ 
orthoclase intergrowths a r e COrnfJon in the adamellite (G60A) and aueite 
is a primary minerel (pertly altered to actinolite). AU3it~ is present 
in the fine-grained hornblende-biotite-augitc diorite (G60B) "only as 
large exotic zoned xenocrysts. indica ting the hybrid nature of the rock. 

Netavclcanics in the river section below Belle Vi ste Village 
(see plate 1) are intruded by granodiorite por~hyry (G62A) and altered 
and brecciated coarse-gra ined gabbrc (G62B. 63). The eranodiorite 
por phyry i s hard and oassively j Ointed, occurring as sr.~ll irregular 
bodies; in thin section it is seen to be made up of phenocrysts of 
euhedra t j..t lagiocle. se , rounded quartz, ?orthoclase, and chlo::-ite after 
?hornbl e nde, in a qua rtzof e ldspathic ground mass; it is pr obabl y r e lated 
t o the plutonic rocks cnd not the porphyry suite. The gabbr o intruding 
the metavolcanics occurs as irregular discordant bodi es, eenerally 
a lte red and in r.l8ny instances sheared and brecciated. In thin section 
the r ock is seen t o comprise l s rge grains of ?laeiocle~e (pert l y o r 
complete ly a ltered t o sericite, kc.olin and zeolite) and augit2. . \-lith 
accessory ?ilroenite a ltering t o l eucoxcne . Where sheared the r ock hus 
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8 cataci es tic t exture . It is cut by , zeolite ~nd penninz chlo rite veins. 

Downstre~. fine· e r a ined gr anod i orite /adamellite (G09) intrudes 
the boundary be t ween t hin-bedded she l ey siltston~ a nd sands to ne, end 
lime stone of the Auee Beds. The intrusive rock i s l eucocre tic a nd 
hard, cc mprisins equigranu l a r quartz (SO%) highly kaolini sed f e ld spar 
(45%. plag i ocla se much in exce ss of orthoclc se ) and 5% pa l e green chlorite. 

STRUCnJRE 

The QOst promine nt structura l f ea tu re i n th,,:: nap a r ea i s the 
r e l a tive l y c on s iste nt r eg i ona l a ttitude o f t he Owe n St ll.ni ;;;;.y i>ietemor phics 
and the adjac ent Augn Beds, s triki ng rough l y north and d i pping steepl y 
t o the east. 

This· has r e sulted fra ra hig h a ne1 e o ve rthru s tine frOf.l the east, 
c au sing ve rtica l a nd tra nscurre nt @O vement a l ong a number of sli8h t ly 
s i nuous f ault s which t re nd roughly north i n the Clap c r ee_; t il tine a nd 
r o t a tion of b l ocks about a n a Ki s which probab l y p l unges sou t h a t a 
sha llo w engl e has pr oduced t he co nfor mabl e r eg i o nc l cl i p. Increase end 
va ria t ion in stre s s t o t he east has ccu sed veried mi l d r ee iona l 
me t amo rphi sril of t he deep l y buried s edime ntary r ocks (?l.oY1~ r Cr etac eou s 
o r o l de r Me so zo ic) thru s t up aCll.inst t he Lo we r I'ii oce ne r ocks of the Auga 
Beds; these r ocks a r e the Owe n St a nley l':ie t aLlO rph ics , in which r.lete;.· 
r;lOr phis."';l becoraes t.lO r e unifor rJ e nd marked t o t he east and northea~t 
t owar ds the Owt':n St a nley Faul t (o n the north f l a nk of the centra l 
co rdill e r a ). If t he age o f the Ta l ama Vo l ce.nics i s I-add l e Liocene 'f ' 
s t age , then mos t of the r ec i o nal d ef or matio n took pl ace in tr,e Miocen~· 2 
b~ tween the ' e 1 and '£1.2' s t ages, t he on se t of defo~~tion pr obab l y 
ter raina ting the ' e ' staee deposition; thi s corr e l a t es with a s i milar 
period of maj or deforr,lQ.t i on e l sewher e o n the N.;,wGu i ne£l. r.ro.in land . 

1h~ inte rna l s tructur.z of the Owe n St a nl ey I-ie tamorph i cs is 
l a r ge l y unknown, becau se of s c a r c i ty of f i e l d da t a. Cl cavogc devel oped 
in t he l ow· grade schist s i s r oughly pa r a ll e l t o origona l sGd in~ntc.ry 
beddine . whe r e t he l atte r is r ecoeni sabl e . ruckerine e nd fin e 
cre nula tio n of t he cl esvage i s common. a nd e xt r Gme l ocel con to r t i on 
by po l yc lina l or i socl inal conc e ntric f o lding a nd , in p l ac e s , c onj uea t e 
f o ldine c. s soc i a t ed with ki nk hc:.nd s ; br oad war ping or tiZb. t f o lrl ine 
<the l at t e r unlik€ l y ) i s suggested by the ste r eog r aphic net p l otted 
from s ca tte r ed obser vation s o f t he a ttitude of c l eava.ce (sec f i gu reo: 1 ) . 
A second pe r iod of rJe t D.lJO r ph i Sf.l indica t ed by thin section exami nat i on 
of rn£l.ny of t he l ow--e r ade sC~l i sts, was not a ccoClpenied by nujor def ormaw ' 

tion. 

Large sc a l e tec tonic s tructure s a r e not pre sGn t i n t he Auge 
Eeds , except f or seve ra l 8~j or st rike fault s . Sheari ne a nd the 
develo r:men t of inCipi e nt s l atey c l eavllce i s appar ent i n sm,}e sha- Iey 
Siltstones, a nd in sever a l p l a c es further deior r..c.tion he.s bee n expr e s sed 
by k i nk band i ne . Ex t reme sof t s ediment ( sl liop) defo rmat i on i s common 
in t h in· bedded silt ston~/sands ton~ succe s s i on s in the lov~r ~crt of the 
Auee. Bed s - a nd in t he sed i rili;: ntury unit s i nt erbedded i n the tOi~ of the 
Ai ue l l1. Vo icl1.n ic s . 
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Strong jointins and shearing of the Ai ha l a Volcanics a r e 
very common; little is otherwise known of the structure because of l ack 
of indications of orie nta tion. 

The east ern edge of the subhorizontal volcanic and sediQentary 
r ocks 1n the middl e AngabungA Rive·r area appears t o be a L;onoc lin.:lL warp 
(see plate 3), with dips of u p t o 40° to the southwest being QaAsu r ed in 
the base of the TaLaca Volcanics.. To the southwest and west the dips 
shallow r apid ly, and the rocks are broadly wurped with a shallow south· 
~st dip. 

GEOLOGICAL HISTORY 

A compl e t e geo l ogical hi story cannot be reconstructed within 
the map a r ea because of r emoval of par t of the stra tigraphic column by 
faulting. 

The o ldes t rocks of known age are the Uppe.r Cretaceous 
(Senonian in the uppe r pert) Aihala Volcanicsj it is pr obabl e tha t the 
Owen- Stanl E:Y Me t ooor phics, f or which no age has been es t ablished , a r e 
older, orig ine lly co~prising maSS i ve , dark s ilt s t one s and shal es . with 
inte rbedded quartzofeldspathic and lithic a r eni t e and fine cong l Or.ier£1te , 
deposited probably during the LowE: r Cretaceous or earlier Mesozoic ti~es; 
minor limes t one and submarine vo lcanics a r e present in t he i'1e t8LlOrphic 
succession. The -lithol ogi e s of t he l'.le t amor phics sugges t deposition 
unde r gene r a lly quite, f ai rly shallow water @arine conditions on a shelf 
or in a mar g inal basin some distance from the shoreline. The detrita l 
ma t erial comprises qua rtz, plagioclase. chert, a rgi lli t e and s l ate . and 
i s gene r a lly f a irly well so rted and r ounded in t he coarser-Brained rock s 
(whe r e subsequent def oreation has not destroyed t he ori g i na l texture). 

'ttle Aibal-a Vo l canics r epresent a period of very active upper 
Cretaceous submarine (deep water) v~lcanisD, with the accu~ulation of a 
thick pile of thole iitic basaltic a nd do l eritic subril£lrine l avas , 
intruded by gabbr oic - and do l e ritic - l ooking s ills and dykes . 
TUffac eous r ocks may a lso be present, particula rly in t he upper part 
where massive volcanics a r e inte r bedded with thick units of fine- g r a ined 
marine sediwe ntary r ocks. 

Following the c~ssation of volcanism a t l east B,OOO f eet of 
fine-grained black ~rine sedimenta ry rocks were d eposited (lower pa rt 
of the Auea Beds); these rocks are oassive shal ey si ltstones , thin- bedded 
siltst one s and fine-grained sandstones. and so~ mudst ones; they are 
calcareous in part and strongl y slump defo~d in the l ower part. The 
e nvironment of deposi tion i s ona of fairly quiet shelf or basin con~ 
ditions in deep ~ter a t sor.le dista nce fro!;] the sou rce of t errigenous 
Iila t er i a l. The -sedioentary provenance is sililll e r to t hat of the Owen 
St ane l y f>letamo rphicsj quartz is the fJOs t cO[;JX)n detritus, with sor.le 
p l agioclase and minor chert, argillite and fine- grained intenl~diate 
vo lcanic r ock. A Senonian age has been ob t ained froe a s~eciDen 
co llected from the uppe r ~art of this sec tien (~e Verteuil & Rickwood , 
1946 ), 
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The upper@Ost exposures of· Senonian r ocks in tte Auga River 
sec tion are faulted against l ower 'e' stage (?Low€:r l1iocE.m~) licE-stone 
in which there is an abu ndance o f rework~d Eocen~ f oracinifer a . 
IWQedi3taly ove rlying this li~~stone are calcareous s~ndstones and 
conelomerat~s in which the cl astic mete rial includes abundant fragments 
of r ewo rked, poorly consolidated r ed (haeuatitic) Qudstone derived by the 
fr88~entation of penecont eQPor aneou9 (?Eoc~ne) sedimentary rocks. It is 
probable t hat sedi~entat ion continued from the Upper Cretaceous into the 
Eocene with little or no break, but with intermitte nt shallo wing of the 
seas t o pe rmit the developoent of a nu~ber of r~ef/shoa l liQastones and 
calcareous units containing abundant l a r ge r foraminife r a . Sedioent a tion 
continued t o the ' e' stege with diff erential Uplift end shallowing of 
the se.as causing reworking of sOI".e Eocene sedim;;; nts; a r oGion c. f Eocene 
deposits in tbe ' e ' stc.Se has pOSS ibly r eooved {.lOch of tr.e Eccene 
succession in some a r eas . 

The I,, ' stage r ocks (the upper part of the JwEa Bed s in the 
Auga River section) are core tha n 8.000 f ee t o f dark shaley a nd slatey 
~rine silts ton~s . in p l aces with indurated sandy ~nd ~ebbly interbeds. 
and two thick units of calcareous rocks; they were depcsited in a fairly 
dee? water shelf o r basin environme nt which was subj ect to inter~ittant 
s ha llo wine. Terrige nous mate riel is coarse r and mo r e acundant in ouch 
of the s (!ction than it is in the lo~r Auga; microfossil r et-Kl. ins are 
scarce in spi t e of the periods o f shallo wing and two periods of strong 
carbonate development. TIle sedir.lentary provenance r emained a.pparently 
unchanged from tha.t of the I OWE: r Auea.. Beds and the Owen Stenl ey 
Me teIilOrphic s, except for the add ition of r ework€:d Eoce ne (".c. t e rie.l . The 
eUlCreent l e ndraass was obviously one of quartz~intruded metasedir.lent s 
and some l o w- g rade schists, possibly with flankine newly eoeree r,t E::>cene 
sedioents; int~r~diate volcanics are in evidence, a~ clasts der i ved by 
wea the ring of intern~d iate plutonic r ocks. 

f<1ctavo lcanics. apparent l y interbedded in the OHen ::>tonby 
/'I,.;: tl!nlOrfihics, l'>Iay be l ong t o the Ie ' stage succession, r epr esenting a 
phase of ec tiv2 suboarine volcanis~ in the fin~l staees of de~osition 

o f the Auge Beds . 

Sedimentation was t e r u inll t ed in tbe Ie' staBe by the onset of 
a perioo of inte nse deforr.ultion. [;],6.rked by hieh ans l e overthrustin3 frolll 
the east which caused steep tilti ng of the AU3c Beds, Aioela Volcanics 
and Owen Stanley Ne t amorphic s by r o t a tion between a nUr.lbe r ~f slightly 
sinaous no rth trending strike f eults. Stresses associated with the Qver­
thrustine c.:)u sli!.d indur<ltion c.nd low~erade regional ritetemorphisc of the 
deepar - seated sedioentar y succession thrust up aaainst the ' e I steBe 
r ocks of the AU£o!l. Beds; these (lre the Ow.::n St anley Me tarnorphics. 
Re trog ressive me t amorphiSr.l of the l ow~grlld e schists is apparent in thin 
sec tion . but thiS is no t associa t ed with major deformation 0.00 cc.nnot be 
related t o any known event; it is possibly related in sone wey t o the 
widespread intrusion of porphyri~s a nd interoeclillte pluto niC rocks 
into thE: NetalID r phics and. t o Co lesser deg ree. into tr.e hUBO! Beds. 
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Up to 3,000 feet of predominantly b~sic pyroclastics and leva 
flows, the Talaoa Volcanics, wore deposited on the unevenly eroded 
surface of the upturned Owen- Stanley Metamorphics, M8a Beds and Aibala 
Volcanics •. probably in the rliddle Miocene 'fi_2' staBe. These thick. 
unifor~ deposits are lacustrine 1n part and may be Qarine 1n part, but 
the full mechanisc of distribution is unknown. They are conformably 
overlain by 1,000 feet of poorly consoLidated lacustrine sediroetnary 
rocks, the Yeifa Forcation, derived from reworking of the underlying 
volcanic rocks, froQ the emergent 'e' stage and older rocks, and partly 
fro~ contemporaneous volcanisc. They- are probably Ydddle to Upper 
I'aacene in age, and grade upwards without break into uore thc.n 2,000 
feet of basic pyroclastics end lavas, which probably renee frv~ Upper 
Mio~ene to Pliocene in age. Near the coast, at Arapokine, there are 
marine intercalations in these subaerial volcanics. 

The subhorizontal vo lcanic and sedimentary succeSSion is 
faulted and gently warped, the eastern margin in the middle Angabunge 
River area being a fairly tight monoclinal warp; uplift associated 
with the faulting, gentle folding snd shallow tilting has e levated the 
uppermost volcanics to &lOre tha n 10,000 feet above sea l evel at tit. 
Yule, north of the map area. 
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APPENDIX 1 . 

AUGA RIVER SECTION 

General description 

The AURA River section is, the section exposed c l one the Auga· 
River froQ belClw Bella Vista on the sou th slopes of the midd le Auga 
valley, downstream to its junction with the Angebunga Rive r (see Plate 1). 
It contains over 25,000 feet of sedicentery and volcanic rocks (see Plate 
2), of which a t least 17,000 feet belongs to the Auga Beds. In other 
a reas it is probable that the str!l.tlgraphic c a luen is r,lOre cO);lplete, as 
the Eocene and possibly part of the Upper Cretaceous rocks heve been 
r emoved frotl the Auge RivE:-r Section by faulti,ng . 

Traverse detail: 

G59. Crenu l ated bl ack phy ll itic s iltstone with s~ll rafted fraetlents 
of light gr ey fine~grained sandstone. Thin quartz veinD cut the rock. 
Downstream indurated, sheared, fine- grained ?snndstone is interbedded 
with the phyllitic si ltstone . 

Interbedded with these meta.sedililents are thick bends of ha r d, 
green, epidotised, hornf elsic-looking submarine volcanics \dth SIilllll 
deformed l enses of r ecrystallized grey- brown lioe.stone . ~lash· in the 
river suggests that these vo l canics are a l so inte r bedded in the Qeta­
sedirilents above G59. 

G62. Cont·inuous outcrop of r.'lessive metavolcanics (as c.bcve) . epido­
tised about jOint- planes. Intruded by small bodies of andesite porphyry 

. and gabbr o . Sheared in many places and strongly brcccie t ed a t its base 
above the rive r junctio n (663)·. The unit of Qetavolcanics is 3,000 feet 
thick. 

a;4 . Rive r junction (t op of the: llMa£u lu (''roup'' of de Verteuil & 
Rickwood and ?tc.p of the Auga Boos). Hieh1y sheared black phy llitic 
siltstvn ... with sheared- out lenses of dark sandy siltstone. Alone this 
section of thi.l river, shearine is paralle l to "schistosity" o f phyllitic 
sediQ~nts and t o sedicentary bedding . 

065. r-hyllitic b l ack siltstone continues downstreeu. At G65, e. 20' 
bed of fine-8rained. dark g rey a r8illaceous sandstone or quartz e r eywacke 
is interbedded with the siltstone. 1b~ sed·i men t ary rocks are cut by 
quartz and calcite veining. 

G66. A short distance downstrear.1 the i.1essive phyllitic siltstone 
gives wny t o £l. succession of thin-bedded (up t o 6 11 ) sheley black s ilt stone 
and finc-grained dark argillaceous sc.ndstone, with a nutlber c f interbeds 
of er8il l aceous scnds t one up to 30 ' thick. This section has very 
regula r bedding and continues downstream t o G69 . 
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The unit G64 ~ G69 is 2,500 feet thick. 

G69. A medium~grained dioritic (fine-grained granodior ite/adamellite) 
intrusion at the top of a gorge cut in calcareous sediments. 

G70, 71. 800 feet of light-coloured, predominantly calcareous sedi­
mentary rocks, comprising grey marble, grey marble with thin yellow 
sandy beds, yellow sandy marble, yellow quartz sandstone and red-green 
argillaceous calcareous rocks with quartz pebble bands. 

, 
The original limestones have been largely recrystallized; in 

many cases the resulting marble has been sheared, with minor subsequent 
recrystallization. 

There is no sign of microfossils in the thin sections examined . 

G72 "· G78. 4,!"OO feet of generally indurated black shal ey siltstone. 
often with fine quartz pebbles, and black sandy shale, black pebbly 
sandstone and beds of pebble conglomerate. In places the succession 
is red-weathering. It is thin-bedded in part and contains a number of 
fossiliferous (broken molluscs) sandy shale units. several of which 
contain sma ll black nodules of fine-grained limestone end one of which 
contains sma ll, well-preserved gastropods. In the lower part, the 
section contains some calcareous sediments (G7BA), and thin beds of 
very hard, light-coloured quartz sandstones (orthoquartzites - G78B, 
7aC). The ·sandstones are principally hard, dark lithic arenites, 
containing quartz, some plagioclase and abundant fragment s of siltstone , 
slate . argillite, chert and rare intermediate volcanics. The conglom­
~ beds range up to .15 1 thick, containine l-Iell-jobted pebbles up 
to 3" across of quartz and metasediment. 

An interbed or sill of intermediate volcanic rock (lava or 
porphyry) crops out at G73 (prc bably the former because of a small 

quantity of simil ar l ooking clastic material in the sandy siltstones 
of the succes~ion) and dolerite intrudes the section &t G77e 

Bedding orientation is regular throughout the s ection. 

G79. 800 feet of a distinctive reddish calcareous succession with 
a characteristic weathering surface, comprising thin-bedded and massive 
marble (generally gritty), calcareous sandstone (grit) and calcareous 
pebble conglomerate, and underlain by fine-grained red-green calcareous 
sandstone. The red colour of the succession is due to the presence of 
haematite-stained mudstone, sometimes very abundant, which was probably 
largely derived from the reworking of penecontemporaneous sediments. 
Other clastic fragments are generally well-rounded and include quartz, 
metasediments, some plagioclase and rare microfossil fragments. The 
calcite cement is generally coarsely crystalline. Variation within the 
succession is only in abundance and grainsize of clastic material; where 
this is absent, the rock is a marble. 

DipS ~ t the bottom of the succession are as low as l.soe 
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GSO. Dense light-grey limestone,· cont aining foraminifera indicating 
a low~r I e ' stage (?Low~r Miocene) age . and containing abundant reworked 
Eocene fauna, OUtcrops of this unit were not found in the river. but 
abundant scree and rubble at the foot of the s l opes suggest that up to 
200 feet thickness of this limestone underlies the above succession (C79),. 

No outcrop for a short section. 

GSl. Fine-grained brown sandy shale. st rongly jointed and easily 
weathered, ' No outcrop , then black shale on t he other s ide of the river, 
with a 20 foot bed of ?fine-grained dark sandstone. 

Ge2 ·'· GB8 Further downstream, on the other side of the river, thin­
bedded black shales and fine grained dark sandstones crop out. 

Out~op is not continuous in the secti~n GBO to GS3. If the 
sec t ion is not structurally interrupted or repeated, then there is at 
l east 5 ,000 fee t of vertical, north striking da rk shaley siltstones, 
apparently massive in the upper part, and thin-bedded with fine-grained 
dark sandstones tn the lower part. An Upp~r Cretaceou~ (Senonian) age 
was obtained fo r these rocks by ~e Verteuil & Rickwood, 1946. 

GBl. Outcr op of tightly folded, thin-bedded black sha ly sil tstone 
and fine-grained dark sandstone . Immediately downstream, thinly bedded 
i ndurated shaley siltstone and fine-g rained, light coloured quar tz sand­
stone (orthoquartzite) strikes a t 2900 (roughly at right-angles to the 
r egiona l strike), and dips vertically. The outcrop i s intruded by 
altered dolerite. The rocks of thi s sec tion a r e probably separat ed from 
the r egul ar l y bedded rocks of the upstream section by a concea led fault. 

Downstream from GS3 is cont inuous outcrop of intensly slump 
folded, thin-bedded black sheley siltstone and fine-grained sandstone, 
with scattered sma ll, dark limes tone nodules. In pl aces, the deforma­
tion has obscured the gener~l ori entation of the strata, but in less 
deformed sections the regiona l strike of the r ocks varies from 240 (060) 
to 300 (110) degrees, and dips a re generally steep to both the north 
and south with some vertical , and some horizont~l (in field hin&es). 

Similar outcrop continues downstream for one and a half miles 
to GS8, with a varying deg ree of deformation. In the lower part of the 
section the r egional strike swings in a northerly direction (from 060 to 
360°), while the dip remains steep or vertical . Strike readings in t his 
section of the riv~r (GB3 to GS9) suggest Q broad, r egional fo l d; it is 
poSSible that these strike changes have resulted from large-scale fault 
movements end a re only relative ly l ocal features. The to~l thickness 
of the s lumped siltstone/sandstone succession from G83 to GSS may be as 
litt l e as 3,000 fee t (because of t he r egi onal strike l e rgely follows 
the ri ver). 
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GBS .- G91 GSB is sheared . broken, c loseLy-jointed b l ack siltstone. 
One hundred yards downstream (C89) mass~ve greenish sheley siltston~ 
crops out, giving way to black shaley si lt stone. Further downstream 
(to be low G91) alternating massive and thin-bedded shaley and sandy 
si ltstone crops ou t, s lump folded in places, calcareous in places~ 
generally indurated and ofter, highly broken and sheared. 

G92. At G92, fairly deeply weathered. massive. highly sheared and 
broken fine-grained black volcanic rock with brok6n "ch(;rt" fragments 
forms continuous outcrop along several hundred yards of river. These 
rocks have the appearance of indurated, fine-grained sediments, but in 
thin section they are seen to be fine basa lts, with small 1silicified 
l enses . They mark the top of the Aibala Volcanics. 

For severel miles below thiS, to G97, outcrop includes both 
volcanic rocks (broken, jointed, altered, generally easily weathered 
dolerities and bosalts) end indura t ed 6edimentary rocks (fine-gr a ined 
~andstones nnd siltstones with some calcareous lenses end interbeds , 
thin-bedded in places, with some slump deformation). ht G97, dolerite 
i s intruded in t o or interbedded with indurated claystone. Be l ow this 
(G9S to CI02) is massive altered dolerite and basalt. 

1: e trogn. phy 

G59B ' Jointed, sheared, phyllitic black siltstone with scall 
fragments of fine-grained light coloured sand s tone . 

Thin Sec~ion: Fragments of fine-grained argillaceous quartz sandstone 
(quartz greywacke) in black phyl litic siltstone, with narrow quartz 
veins. 

The fine-grained sandstone (grain size to 0.4 rom) comprises 
abundant angular to subangular quartz fragments, minor lithic fragmen ts 
(chert, some fine-grain~d ?chloritised l &va) , plagioclase and rare horn­
blende and biotite , in an abundant (30%) recrystallized argillaceous 
matrix (pale green chlorite, sericite, some indeterminate isotropiC 
material) . Reaction between matrix and fragments is common, with frag­
ments being absorbed marginally. 

The phyllitic siltstone comprises scattered fragments (qua,rtz, 
some lithic fragments) in· a phyllitic argillaceous matrix (seI'icite , 
colourless chlorite, auhedral ?quartz, opaque material) which disp l ays 
chevron foldi~~ (kink banding). Ptygmat ic folding of qu~rtz veins has 
token place. Fragments of silty chloritic nnd orgnnic c rgi llites arc 
also present . Initia l frogmcntation of the rock may have taken place 
in soft sediment state . Quartz veining cuts the rock (irregular mosaic 
of ragged, .strained quartz grains). 

G62C Hard, fine -grained, pale green epidotised volcanic rock. 
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Thin Sect'ion: ·The rock is a fine~grained l a va a ltered a lmo s t completely 
t o colourless chlorite, quartz and fine epido t e. The origina l texture 
(pilotaxitic) 1s preserved in parts. The r ock 1s cut by a calcite vein. 

G62D· Hard, sheared, veined, green vo l cani c r ock. 

Thin Sec tion: the rock is a sheared. altered dolerite. In the less 
sheared part s it is composed of fresh, pale brown augite Bet in ragged 
chlorite. quartz, epidote , calcite and seri c i te. Where highly shea red 
the augite i s absent, the r ock comprising qua=tz. epidote dust, chlorite 
and some calci t e . CalCite and minor quartz occurs in irreguler veins 
and small patches. 

G62E Hard" light grey, fine-grained ( r ecrjstallized) limestone , from 
within the altered submarine volcanics. 

Thin Section : The r ock is a fine-grained limes t one or mar ble . made up 
of a microcrystalline mosaic of calcite with very minor s il t-sized 
epidotised end chloritized "lithic!! fragments . Bedding i s poorly 
defined by a s light flattening of the ca l cite grains. and by s tringers 
of brown-stained ?organic material. 

_G64. -. t-X>der ately_ herd shal-ey- black-sH-t-stone-wi:th-qu4rtz-an(j-c1l1c-rt~--
veining . 

Thin Sec tion: The rock i s sheared sandy silts t one comprising scattered 
sand s ized subangular t o suhrounded greins. up to 0.4 mrn, in diameter, 
of quartz (slightly undulose extinction). li thic fragments (fine-gre.ioed 
quartzo-feldspathic r ock. some che rt an~ a fe,,, eh loriUzed fragments) I 
some plagioclase and one gre i n of myrmekite in <! recry s~a l U_::~d . lc.rgely 
isotropic matrix (clay and some chlorite minerals. some fine epidot e and 
small calcite growths. with small silt-sized frugmerlts) , Rcection 
between matrix and fragments has taken place ; shearing in the rock is 
parallel t o the sediment ary bedding of the matrix. Cclcite a nd minor 
quar tz veining cu ts t he r ock. 

G65A Hard. dark, sheared, fine - grained sands t one with quartz cnd 
ca lcite ve ining. 

Thin- Sec tion: The rock is a fine-grained a rgillaceou s sandstone or 
qua rtz greywacke, ~ooprising angular t o subangul e r f r agments , generally 
l ess than 0.4 rom. ac ross but up to 0 .8 rom., of qua rtz, mi nor chert . 
argillite and ?chloritized l ava. and sca t te r ed plag iocl ase (appar ently 
large ly oligoc16se), in a f a irly abundant ~5 to 20%) r ecrysta llized 
matrix. The qua rtz has undulose extinction a nd much appears to be vein 
material,· Sever a l grains of microgr aphic quc.rtz-fe ld!>pc.r a r e present 
and one grain of brown biot ite . The r ecrystallized matrix compri ses 
f lakey illite and some sericite and chlor~te , wi th en indeterro~netc 
colourless mine ral. some fine epidote · end stringers of organic 
ma t eria l. Reaction with fragments is common . Irregul a r cal cite and 
quartz veins cu t the section. 

G66A- Herd, dark, quartz veined , fine- grained sandstone . 
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Thin Section: Similar to G65A. perhaps with less matrix, sl ightly more 
abundant plagioclase, and more pronounced reaction between matrix and 
fragments. Several chloritised ferromagnesian grains are present end 
minor opnque OXide. Irregular veins of fine and coarse-er~ined quartz, 
and minor calcite cut the rock. 

G66B Fairly hard sheley black siltstone with cinar calcite veining. 

Thin Section: Sheley siltstone, comprising angular to subengul ar silt­
sized particles of quartz and indeterminate fine-gra ined lithic frag­
ments, with minor bent chlorite, muscovite and biotite f l ekes , in e 
recrystallized argillaceous matrix with abundant stringers of dark" 
organiC material . The matrix is reacting with fragment s . Sedimentary 
bedding is accented by recrysta llized matrix and orgenic mcteriel; 
mesoscopic current bedding is defined by the latter. Calcite vei-ning 
cuts the r ock. 

G70A Fine~grained, grey~white marble with small pa tches of green 
?chloritic material. 

Thin Section: The rock 1s a sheared ~rble with a small emount of 
a rgillaceous material and scattered quartz fragments (less than 0.3 ~. 
across). Calcite makes up more than 95'0 of the r ock in the form of 
small elongated sheared grains. IIflowingU round l nrae r (up to 2.5 rom.) 
grains which often show deformed Cleavage. A scalI amount of post ~ 

shearing recry s tallization of the calcite hns taken pl~ce. The 
argillaceous material consists of small ragged l enses of chlo rite, 
?illite, and sericite (some larger flakes of muscovite). Smau grains 
of quartz with undulose extinction are scattered throughout, and several 
grains of epidote occur. 

G70B Fine~grained pale red~green calcareous sandstone with small 
scattered quar tz pebbles. 

Thin Section: The rock is e calcareous argillac eous sandstone , compris­
ing scattered. rounded grains up to 3% mm. across and scal Ier (less than 
0.4 wmo:> angular fragments, se t in an abundant arg illaceous , calca reous 
matrix. The larger grains include quartz (some vein quartz) with 
undulose extinction , and some slate, argi llaceous metasediment and one 
erain of crenulated quartz-sericite schist.- Calcite fills fractures in 
the quartz grains. The smaller g rains arc largely qua rtz, with lithic 
fragments and some plagioclase and scattered opaque OXide. The matrix 
makes up 40% of the rock and compris~s ?il lite. sericite, some chlorite, 
and microcryst~lline calcite (which varies to c mcjor component and is 
recryst~llized t o large grains in several highly calcareous ar6as) . 
Minor orgenic material is present. 

G71A A light g rey rocrble. 

Thin Section: The -rock is ~ sheared recrystallized limestone, compris­
ing a sheared ~saic of calcite with relict strained g r ains up to 2 mm. 
across, containing scatt ered fragments up to 1 mo. across of quartz, 
chert and slate and minor small irregular lenses of a rgillaceous 
ma t erial. Alignment of elongated calcite grains defines n poor foliation. 
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e71B Fairly fine~&reined yel1o~1 sandstone with ca l cite veini ng . 

Thin Section: '!he r ock is .:l qua rtz sandstone o r grit. coaposed of 
tight l y packed aneula r to subrounded grains, up to 1.7 mrn . across, of 
quartz, l esser plagioclase and so~e orthoc l ase, with minor recrystallized 
matrix of flakey ser icite and some chlorite e nd calcite. r~ac tion 

producing sericite has t a ken pl ace at gr a in bounda ries and interfaces 
and i nternal l y in f r ac tures . Undulose e~tinction of quartz i s common, 
end minor ser iciti sotion of fe ldspars . The rock i s cut by irregula r 
calcite veins . 

e7lC Ye llow-white sandy limes tone . 

Thin Section: The r ock is a scndy limes t one (oarhle) or calcareous grit, 
comprising .cngul-r-.r to subrounded g r a ins, up t o O, B mm . across , of 
undula t ory and gr.:.nula r quartz, with sor,iC plag i oclase and minor ortho· 
clase, se t in an abundan t (50%) l a r ge l y recrystallized calcite cement. 
Gr ein boundaries often shot., marked r eaction (Gbsorption ) with the 
ca lcite . The fe l dspar gr a i ns a r e Qasked by fine ?keolin. 

G7 1D S(;)()o th 
r ough weathering 

wecthering grey marbl e with thin beds of core r esistant 
sandy uu::. r ble. 

Thin Section: n,e Rock is a thin bedded oerbl e e.nd cclcareous g rit, 
cOf.lpri sing sca ttered sl!bangula r t o subrounded grains of quartz (undu lat­
ory extinction, ca l ci t e in frac tures) nnd some plagioclase (up t o 1.8 mm. 
ac ros s), with rare f r~cents of s l ate and some l enses of ara i llaceous 
ma t erial, se t in recrysta llized calcite. The calcite varies from 40 
50% by volume t o more thon 95% in the l a tter case f'lImine bands of 
mar ble (1 crn . wide in the section) . 

C73A Har d gr ey qua r tz -ve ined pebb l y sandstone . 

Thin Section: The rock is a l ithic sandstone , cumprising tieht l y pecked 
subangul ar t o subreunded grain~. eenernlly le ss than 1. 5 mm . ~cross but 
up t o 5 r.tr.l. of quertz, lithic f r eeIDents and some pl ag i oc l ase, trith minor 
a rgi llaceou s r.l<ltrix , The qua rtz grains e re crushed and sho,., undulose 
extinction and plag i oc l ase of t en shows bent twin l amellae. The lithic 
fragments a r e principally sil t stone and a r g illite (both with sone quartz 
veining), with l esser chert and some intermediate vo l canic r ocks . Niner 
secondary epido t e end rare calcite occurs throughout . Irregula r quartz 
veining cuts the r ock llnd severa l th in quertz - c~ lcite jOints iO£i1l1ngs . 

Hard black ~ddy sand s t one . 

Thin Sec~ion : The rock is a l ithic sandstone, composed of fairly tight l y 
pecked subangul e r t o subrounded grains~ up to 0 . 75 rom . across of li thic 
fragments, quartz, some plagioc l ase and mino r calCite , in a dark mud 
ma trix with some calcite and a few epidote gr a ins (the r.lC1 trix is partly 
recrystc.ll1zcd to illite, sericite end ?chlorite - it i s mor e abundant 
than in G73A) The lithic fragments a r e si lt sto r.e, ~hale , a reillite , 
chert and minor f ine- grained volcanic rock. Cnl cite is more abundant~ 
bo th as c l asti~ gr a ins snd in the ~~trix, in a ba~d rOUGhly 1 em. wide. 
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C73C Hard grey pebbly scndstone. 

Thin Section: The rock is a lithic sandstone, comprLsLng fairly tightly 
packed angular to subrounded grains, generally less thEm 1 nu-J. across 
but up to 1 em. of quartz (generally granulated with undulose extinctionj 
a lot of vein material), lithic fragments (argillite, Siltstone, chert, 
some fine·grained quartz schist, some ?devitrified volcanics and clastic 
calcite with some recrystallized fossil remains) and some pleeioclase, 
in 3 recrystallized argillaceous matrix with calcite ceQent (matrix and 
cement QUke up 5 - 10% of the ruck), The metasediment fragments are cut 
by thin quartz veins. 

G73D Ligh·t coloured plagioclase porphyry or porphyritic lava. 

'Thin Section: The rock is an intermediate lava, cOr.lprising indistinct 
cuhedral r:ln.rginally zoned plagioclase phenocrysts up to 3.5 mea. long 
(altering internally to ?kaolin and s~ell patches of chlorite and calcite) 
and a few ferror.~gnesion pseudocorphs in calCite, chlorite and some fine 
epidote, with scattered grains of iron are, set in a eroundmass of &~ll 
tabular plagioclase grains and minor interstitiel chlorite and granular 
iron are in small patches of optically continuous feldspathic material. 

C78A Dark pebbly sandstone with scattered ?brachiopod reITk~ins. 

Thin Section: The rock is c pebbly limestone, composed of well rounded 
scattered pebbles (up to 8 mea. across) of shclc, siltstone, chert and 
(one pebble)brown calCilutite, $et in a matrix of smaller (generally 
less than 0.5 ~.) sub~angular to subrounded fragments of quartz, 
orgillite, silt.stone, chert, some plueiocl.:.se and intermediote lava 
(Similar to G73C) and several epidote grains, in abundu,t (70%) partly 
recrystallized brownish calcite with minor argillaceous end brown 
organiC material.. The matrix defines £l. poor sedimentary foliation. 
Several cross~sections Clf ?brachiopod shells (calc i te) occur in the 
section. 

G78B Hard light grey-green silicified sandstone (qucrtzite) with 
thin quartz veins. 

Thin Section: 'The ·rock is a quartz scndstone (orthoquartzi te ) cGr;;prisil13 
fairly tightly packed subangular grains of cloudy quartz (generally 
less than 1.5 mm. across), minor plagioclase and ?perthitic orthoclase 
grains with filinor r.latrix of fine quartz and some plagioclase, fine ­
grained authigenic quartz and rure argillaceous r~.terial. P.2~ely 
calcite cement is present. The quartz is highly granul aL, with undulose 
extinction; outgrowth of grains is apparent in parts of the section and 
snaIL are~s of ?recrystallized quartz or irregular qucrtz . veining. 
:Plagioclase twins are bent and fractured. Very thin c ~.lcite joint 
infillings cut the section. 

G78C Hard grey sandstone with quartz veining. 

l,"",in Section: 11"Ie rock is a qt.:.o.rtz sandstone. It is similer to G78B 
but contains less quartz. It is composed of fairly tiehtly packed 
subangular grains (up to 1.5 Qrn. acr0ss) of quartz, some plagioclase, 
uinor orthoclase, argillite, chert, and ?altered Blassy vo lcanic, with 
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a ma trix of fine quartz and some feldspar. SO~ authigenic quartz. 
and a rgi llaceous organi c ~~terial. Outgr owth of undulose granul a t ed 
quartz is comruon , end bending and granulation of pl~ iocl ase twins, 
My rcekitic and micrographic quartz-plagioclase intere r owths e r e present 
in several g rains. The rock is cut by thin calcite veins (joint 
fillings), 

G79A Reddish calcite- veined cedium-gr a ined marb l e . 

Thin Sec tion: ·The r oc k is c. merbl e , containi ng 5 - 10% subaneular g r a ins 
( l ess than 1 ~. ac ross) of quartz and lesser chert. with ~inor a rgi llite 
nnd plagioclase, and s rola ll deforr.loo lenses of a rgil l acecu 3 LUlt eri e.l 
(some haematitic) set in recrystallized calcite (grains up t o 2 em. 
acrcss) • 

G7 9B Rough weathering r ed calcareous sands t one. 

Thin Section: nte r ock is a calcareous sandstone, composed of well 
r ounded to subrounded grains. gener a lly l ess than 2 roc . across of quar t? , 
s ilts t one a rgi llite, chert, seri c itised plag i OC l ase, s l ate . fine·Brained 
intermediate leve (similar t o C73C) and n few calcareous ~icrofossil 
(?algal ) r er.eins in en abundan t (40 - 50%) recrysta llized calci t e ce~ent 
with a few small quartz fraements and r a r e patches of a r ei llite ( i lli te 
or sericite) . 

G79C Red pebble cong l o(;1e r a t e composed of r ed sheley fragments and 
sooe quartz pebbles in ~ white calcite cement. 

Thin Sec tion: The r ock is a ca lca r eous pebb l e congl omerate co~ri sing 
abundant r ounded to angula r fragments , U? t o 3 OlIQ . ac ross, of r eddish 
haecat i t e - stained arg illite, some with deforgation indicating frag~enta­
t i on a nd transportat i on while s till poorly consolidat~d (p r obably 
r eworking of penecontemporaneous sedimen t s) , L".nd scatter ed rounded t o 
subrounded fragment s (f r om l ess than 1 1U.l . to r.xlre thon 6 r:r.l . across) 
of quartz, chert . i ndura t ed argillite. sooe i nteroediatc l eva, a nd a 
few microfossil r emains , set in a coarse ly crystalline calci te ce~ent 
(15 . 20%) with a few l Enses of organic rnc t eria l and ere illi te. 

G79D Fine·grained r ed-green calce r eous sandstone. 

Thin Section : The r ock i s n calca reous s~ndstone , c~mposed of sub­
angula r to subrounded gr a in s, generally less then O. S cr.l. acrose, erf 
quartz (undulose extinction , granu l ated) and some highly ~ltered 
sericitis ed) fine-gr a ined lithic and fe l dspar frag~ents, chert and 
plagioclase, 1n an abundan t (507.) recrysta llized ma triX of flakey 
(shredded) sericite and le sser pale gr een chlorite ~~th ca lcite cement 
(often recrystallized). Gr ain boundaries e r e often indistinct 
beccuse of sericite growing from t he rocrsins . 

Ga l Calcite veined brown shal ey si lt stone . 

Thin Section : The rock is a fine -gr a ined lithic sandstone, c~rupri sing 

subaneula r fragments , gener ally less than 0.35 rem . ac r osS , of argillite. 
chert. so~e quartz a r e rare c l as tic ca l Cite . in an abundant chlori tic 
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argillaceous matrix with irregular calcite, argenic material, opnque 
oxide and scattered pyrite cubes. Calcite-zeolite veins cut the rock. 
A roueh sedimentary foliation is defined by alisnment of grains and 
streaking out of the matrix. 

Ga3A Silicified fine-grained grey quertz-veined sandstone (quartzite) 
simi l a r t o G78B. 

'Thin Section" The rock is a fine-grained quartzite. c O[,lp rl.Sl.ng su b­
ansu1o.r fragments (gener.::.lly less than 0.3 rJlll . across) of qusrtz, 80:;]e 

chert and minor plagioclase , with interstitial fine-erained authigenic 
quartz cecent, and winor argillaceous matrix with fine epi dote . The 
quartz grains often have undulose extinction, and show outcrowth of 
authigeniC silica. Narrow, straight quartz vein~ (?intet6cc tine j o int 
system infi11ir;85). 

G83B Bl e ck 5haley siltstone. 

Thin Section: The rock is a shaley siltstone, Kith scattered angular 
silt-sized fragmants of quartz and minor plegioclase. in e recrystallized 
"schistc.se" c;a trix e;f ?illit e o r sericite, chlorite and fine epido t e , 
scattered opaque oxide a nd rare pyrite. Elongated patches of brown 
[;latrix (?ill i t e ) occur throughout (emphesi sing the "schistos i ty II ) . 

C83C ~rk fine-grained dolerite . 

Thin Section: The rock is a n a ltered do l e rite, @Ade up of plagioclase 
laths up to 2 rnr.I. lor,g (altering extensively to sericite and lr.eolin) and 
siJll ll er pa rtly interstitia l augite a nd enstetite greins (clinopyroxene 
altered in pIeces t o pale g reen acphibol e and green chlorite). and 
interstitia l g reen chlorite, quartz a nd sooe cicrograFhic quartz/f eldspar. 
Skeletal g r a ins of ilmenite. largely .3.ltered t o fine sphene , c r::! ..;c,:oon, 
a nd a f ew grains of iron o r e occur. ~1inor secondary epidote occurs 
throughout. 

G8S Fine- g rained g r ey sandstone with calcite veining. 

Thin Section; The rock is a fine-grained sandstone, cOl.flrising sub­
angula r t o subrounded e r a ins , generally less than 0.3 r.l£.l. /lcross, of 
qua rtz, with SO[;)8 plagioclase, chert and argillite, and r are fine­
grained interr.1ediate vo lcanic rock, in a f.:lirly abundant argillaceous 
matrix with fine ep ido t e throughout. and minor calcite • 

G89 Greenish-grey shllley siltstone. 

Thin Section: 111e rock is a. shaley siltstone, cor.1posed of silt-sized 
fragments of qU.:lrtz and some plagioclcse, in an abundant recrysta llized 
matrix composed l a rge ly of sub-para llel f lakes of sericite, with Dome 
?authieenic quartz and scattered fine ?sphene ., 

G92 Hard, fine ly-jointed red, g reen and black, qUArtz - veined 
silicified ?siltstone o r basalt; pa rtly jasper-like in appearance. 
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11lin Section: The rock is an altered (silicified) bnnolt , w~lich is 
largely completely altered with the basaltic textu r e preserved as small 
randouly orientat ed pseudof'JOrphs after £eldspe r (generally pale green 
radiating agg r egates of ?chal cedony, in places secondery qua r tz) in a 
c r oundmass cf ?chal cedony, fine epidote end mino r calcite (or, in 
places, formine an ophitic texture in opaque oxide). In several 
r e l a tively unaltered portions of the section, the r ock compr ises l aths 
of plseioclase and small gretns of clinopyroxene and oinor ?or tho­
(:.,.·J:cxene, Chalcedony veins cut the rock. 

G93 Herc, grey-br own fine -gr6i ncd ?quartzite. 

'Itlin· Sectton : The rock i s an indurated s.:l.ndstone cOi.1posed of tightly 
packed angular fregments u? t o 0.6 (ilo"';]. acroSs of quartz. acundc.nt partly 
altered plagioclase (sooe sericitised and l~ lini sed orthoc l ase ). so~e 

chert and r are epido te. with a Ddnor recrystallized intereranular cotrix 
of gr een chlorite and fine epidote. The rock is cut by thin qua.rtz­
prehnite veins . 

G94 Fairly soft, highly jointed blue-green do lerite with white 
veining . 

Thin Section : The rock is an a lter ed dolerite composed of coderetely 
fine -g rain~d (1 ern.) euhedr a l, partly a~tercd (chl orite , ?sericite) 
p l egioclase, eugite. scettered opaque oxide and minor interstitial 
chloritised mesostasis . In the highly a l tered areas, th~ p l agioc lase 
is highly kaolin i sed , the augite is very cloudy, green chlorite is 
common and zeolite may be present. The a l teration may be laree ly 
diagenet i c and partly due to weather ing . Veins of green chlorite cut 
the rock, and irregu l a r veins of quertz-prehnite. 

G9SA Ho.rd, derk . fine-grained l ava or indurated r,.udstc.nc , highly 
join t ed cnd white veined . 

Thin Section: The rock i s a fine-grained (?inte~edi~tc) lave, coopo3ed 
of r andomly oriented plagioc l ase l aths (genera lly l ess th:'.n 0 . 3 r.:I!l. l ong) 
interstitial f e l dspar, abundant green chlorite , calcite and e ranu l ar 
opaque OXide , mino r brown biotite and scattered quartz. Some segr egat es 
of green chl orite and fine sphene may be p~eudo(X)rph~ af t er a ferro ­
magneSian minera l . 

G958 
inn· 

Hard da r k, j ointed l avQ or i ndurcted mudt;tone with ~.m i te vein-

Thin Sec tion : 
brown. a l most 
(ilents . It is 

The rock i s lln indurated claystone , rr:c.de up of very pal e 
i sotropic ?c l ay ciner a l s with r a r e si l tsized quartz f r ce­
cut by quartz and qucrtz- cal cite (qc3rtz marginal) veins. 

G96 Dark brolom fine-grllined ~rble. 

Thin Secti on : 1he rock is a marble , compriSing streek~d out (schist~se) 
calCite , pertly recrystallized, with st:\ell chlorite l enses. 
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G97A Fine-grained, hard blsck l~va or indurated mudstone, fairly 
strongly jo~nted. 

Thin Section: The rock is an incipiently recrystallized claystone 
comprising illite or sericite, fine quartz and fine isotropic material. 
Very fine silt-sized particles of quartz are scattered throughout. Small 
incipient spherules of near-isotropic material have resulted from the 
exclusion of micaceous minerals from small areas. Thin quartz veins 
cut the rock. 

G978 Fairly soft, jointed. gabbroic-lookine dolerite. 

Thin Section: The rock is a dolerite comprisine euhedrel plagioclase 
(up to ~ n~. long, generally highly kaolinised interna lly) intergranular 
cloudy augite, scattered large e~bayed iron oxide grains, interstitial 
green-brown chlorite and rare quartz. 

e9a Soft, greenish-White zeolitised gobbroic-lookine dolerite with 
zeolite veins. 

Thin Section: The rock is e zeolitised sheared dolerite. Shearing is 
intense, and largely predates zeolitisation, the less sheered porti~ns 
consisting .of pseudomorphs of zeolite after plagioclase. eranulated 
augite, opaque oxide 8rains and minor chlorite. '!he highly sheared 
parts of the rock comprise small augite grains io fairly fine-grained 
zeolite. Zeol ,ite and zcolite-prehoite veins cut the rock (optic",l 
properties indicate that the zeolite is probably scolecite, except for 
variab l e (to high) extinction). 

G99A Hard., green-white, fine- e r.::l.iocd rock formine a sr:lall l ens in 
hard dolerite. 

Thin Section: The rock is a ?silicified altered fine-grained lava, 
comprising e very fine interlockin3, mesh of thin acicuhlr crystcls (? 
pseudomorphs after plagioclase) and interstitia l quartz with fir.e ?sphene. 
The mineral replacing plagioclase laths is not i dentified but has the 
following characteristics: 

Moderate R.I. - (greater than quartz), moderate birefringence, 
Farallel extinction, No optic figure obtainable, One good 
cleavac,e (COl). 

Small patches of prehnite are present and thin fracturES filled 
with qu.::rtz. 

Narrow crush zones cut the rock (one of the:<>e contains green 
secondary chlorite). 

G99B Hard black medium·grained dolerite. 

Thin· Section: The rock is a do lerite, c0nprising shattered euhedral 
partly kaolinised plagioclase (up t o 1.S DQ. l one ) ~nd abundant cloudy 
eugite (partly altered to secondary .:.riJPhibole and green chlorite) and 
r.linor ?enstatite; with scattered embayed, sieved nod ske~. ctal op.::que 
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oxide, minor interstitial green chlorit~ and rare quartz. The texture 
is sub-ophitic, in places ophitic. Thin crush Zones, in which the grains 
are highly granulated (scalI fragments in rock dtist), cut the rock. 

G10lA Moderately soft grey-green gabbroic-lookine doleritew 

Thin Section: The rock is an altered dolerite, composed of highly 
kaolinised plagioclase (clear marginally, up to 2 rom. 1cne) and augite, 
with interstitial chlorite, minor quartz and large grains of opaque oxide. 
The augite is partly altered to green aophibole and to green-brown 
chlorite (as with the interstitial chlorite, this has a high birefringence 
and may be a weathering product of earlier chlorite). 

G101B Fair·ly hard, fine-grained grey-green dolerite. 

Thin Section: The rock is a slightly altered basalt, ~e up of partly 
kaolinised plagioclase (less than 1 rom. long), abundant granular augite 
and hypersthene, opaque oxide (so~e ilmenite altering ~rginclly to 
sphene), interstitial green chlorite and Qinor quartz. Zeolite veins 
cut the rock, and part of the section is zeolitised and chloritised. 

GI01C Hard, jointed black basalt and greenishewhite 7silicified 
lava (the latter similar to G99A). In hand specimen the rock is 
obviously silicified. Prehnite may be present. 

Thin' Section :- -The rock is a ?siUcified altered fineegrained lava. 
comprising a very fine interlocking mesh (?after plagiocl~se) of a 
mineral ?similar t o that in G99A, and interstitial quartz. Brown 
isotropic patches cut by veins similar to the above undetermined mineral, 
and patches of chloritic material occur. 

G102 Fine~grained, jointed black basalt with white zeolite veins. 

Thin- Section: The rock is a basalt, comprising plagioclase (some sadie, 
aome in radiating aggregates), pyroxene (both clino and orthopyroxene, 
often in sheath-like aggregates), opaque oxide and interstitial brown 
glass. The rock has a shattered, granular appearance, though largely 
unsheared. It is cut by zeolite veins. 
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APPENDIX II 

PETROGRAPHY 

OWEN STANLEY MET_RPHICS: 

1) Metasediments: 

GllB Poorly foliated argillaceous arenite comprising subrounded to 
subangular fragments of argillite, chert, kaolinised plagioclase and 
altered fine-grained volcanics (rarely up to 4 mm. across) in- a 
"schistose" argillaceous matrix made up of quartz, illite or seriCite, 
chlorite and some dusty sphene. epidote and calcite, ~th small cubes of 
authigenic pyrite. The "schistosity" of the matrix is defined by 
streaked out trails and patches of the micaceous minerals. 

GI2A Moderately altered thin-bedded mudstone made up of deformed 
black and white layers. The ~ight coLoured layers comprise pale green 
chlorite, often forming trails in rondonly oriented sericite. quartz, 
dusty sphene and some calcite.' The dark layers are indeterminate in 
part, containing little chlorite or sphene, and abundant bands of opaque 
(?organic) WQ,terial. Shearing ar.d "schistosity" arc more apparent in 
these bands, which are also roughly crenulated in part. Displac~Jent 
across joints and narrow crush zones is co~n. 

G12B Slatey argillaceous 511 tstone comprising "schistCtse" fine 
illite or sericite. chlorite, quartz and indeterminate colourless 
mineral and o~&anic material, with scattered angular silt-sized frag­
ments or quartz (with marginal sericite growths), and some sheared out 
bands and lenses of illite or seriCite and chlorite. Large fragments 
made up of granular quartz and clear calcite. with cloudy calCite, 
probably represent frag~ented and deforced vein materiel (several poorly 
deformed veins of similar composition are pres~nt) but ~y represent 
coarser· grained calcareous interbeds. 

G2lA Fine-grained red ?tuffaceous sedimentary rock, generally 
massive but with thin light coloured interbeds. 

ibin Section: The rock is a fine-grained ~al tuff (?lava) compris­
i08 scalI grains of kaolinised plagioclase (eoue sodic) defining a poor 
flow foliation, and cinor quartz and opaque oxide, in an abundant dark 
indeterminate matrix with abundant fine haematite and some chlorite. 
Thin beds of finer grained materiel (not· Haecatitic) lie parallel to 
the "foliation" and thin calcite and chlorite veins cut the rock. The 
rock appears to be un sheared. 

G21B Poorly foliated rock made up of roughly lenticulcr grey 
col cite (50'7... up to 1 Cill. lone) set in tlOderately harG, ?muddy material. 
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Thin Section: Irregular l enses and aggregates of calcite (largely fine· 
g r a ined, some r ecrystallized to a coarser QOsoic) . set in r adi a ting 
aggregates of partly cloudy zeolite, with minor brown chl orite end 
sphene. The ·rock I'llly be a highly 'shear ed calcareous sediment which has 
been subsequently zeo litised. 

G24 Semi schist (highly sheared quartz greyw~cke) cocprising rolled 
r ounded to subangul~r (up t o 0.3 em.) fragcents of sericitised or 
kao lini sed plagioc lase and strained quartz in a fi ne schist ose matrix of 
quartz, co l our l ess indeterminate ma t eria l and streaked-ou t bands and 
lenses of serici t e and chlori t e , with ca lcite and some or ganiC mat erial, 
a nd dark streaks of ?argl1 1aceous ma t erial . Relict e l ongat e gr a ins a r e 
rolled into the schistosi t y . 

it) lDw·gr arle Schists: 

C23 - Quartz·sericite schist cocprising a lternatine qu~rtz and 
sericite rich bands. The quar tz bands a re made up of en equigr anu l a r 
mosaic of clear unstrained quartz, genera lly about O. l S mm. ac ross in 
pl aces very fine, ~th SODe plagioclase grains a lte r ing t o s eriCite , 
scatte r ed patches of sericite and minor Sieved, very pale Br een acphibo l e . 
The sericite rich bands comprise fine randoml y orientated sericite a lter· 
in3 t o muscovite plagioclase l a rgel y a ltered t o fine sericite , c i nor 
gr een ch l ori te, qua rtz and r a re epido te. Accessory anhedral py rite 
occurs throughout. 

G4l Quartz~sericite schis t comprising 8 fine mosaic of r ecrysta lliz· 
ed qua rtz and scattered ragged kaolinised plagiOC l a se, with s treams and 
patches of fine sericite, quartz t kao lined or sericitised p l cei oclase , 
brown biotite, rock dus t and sooe chlorite . Accessory opaque oxide is 
scattered throughout. The r ock is a product of intense ShC;ll"ine . 

G44A Qu0rtz-albite·cuscovi te-chlorite schist comprising 3 fine 
moseic of slightly e l onga t ed quartz and clear a lbite, with flowing 
streams of fine cuscovite, chlorite, c inar ep i dote, fine opaque materia l 
and rare sphene. Recrys t all ization into l a rger gr a ins is QO r e advanced 
in some bands; the dark bands define an intense cesoscopic deforention. 
The r ock is a product of intense shearing. 

G448 cua rtz-albite-epidote-actinolite schist cocp ris i ng hinh l y 
schistose bladed ac t inol i te (colourless t o very pal e Br een), with 
abundant granula r yellow epidote, quartz and albite, some ca lcite, 
chlorite and rare sphene. Ther e is very little cetaoorphic differentia~ 
tion. Sever al quartz veins and veins of carbonate and fine epidot e cut 
th e r ock. 

G46A Albite.omphibole~clinozoisi te schist cooprising scalI sieved 
porphyroblasts of clea r albite up to several r.lilli lile t erc across, SOr.le 

finer a lbite and quartz, and abundant po l e green to blue- Br een amphibole 
and ep i do te (some pale yellow) with lesser calCite, DUscovite end 
chlorite and r a re sphene. The t abu la r mineral s define 0 good wavy 
schistosity. 
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G51A Albite-actinolite schist cOClprlsing abundant" selaH P9iki,1,o­
blasts up to 1 mm. across of albite (with inclusions of clinozoisite, 
some amphibole and muscovite lying parallel to the .foliation) in ' 
schistose actinolite with zoee clinozoisite, albite and ?quartz and 
rare muscovite and 'sphene, and trai ls of indeterminate material; 
Accessory opaque oxide is sCAttered. throughout. The rock has a good 
wavy schistosity. 

G51B Breccia pipe within epidotic -greenschist. The rock looks 1n 
hand specimen like an indurated dark gritty siltstone. It is seen in 
thin section to comprise angular to sub rounded fragments up to 4 rom. 
ecross of metasediments (chert. argillite, slate), low grade schists 
(quartz. sericite. some carbonate, rare epidote and chlor i te), marble, 
plagioclase intrusives, plaeioclase and quartz, in a grOUQrlQass of 
fine angular qua rtz and feldspar and indeterminate Qaterial with some 
sericite and epidote. 

G53 Q..iartz schist compriSing parallel ''veins'' of equigre.nular 
quartz with some slightly ?kAol ini sed plagioclase and rare chlorite, 
alternating with thin s"trearos of fine red-brown biotite, sericitised 
feldspar, indeterminate colourless and opaque material (?rock dust), 
quartz and chlorite. The rock is a product of extrece shearing 
(dislocation met&lOrphism). " 

iii) Higher-gr.:1de Schists: 

G28 Ragged strained quartz, granular pale " leroen yellow epidote 
(forming aggregates which look ake fissure fillings in places) and thin 
wavy bands of felted blue-green a nd lavender amphibole (?glaucophane), 
with minor green chlorite". fine g r anular sphene and scattered calcite. 
Bands of quartz and amphibole def"ine Il strong schi:itose foliation. 

G33A MUSCOVite, very pale green amphibole, c llnozoisite, large 
porphyroblasts of untwinned a lbite (highly poikilobl astic, enclOSing 
abundant grains of cuscovlte. amphibole and clinozoisite) and cioor 
sphene bands and lenses of poikiloblastic almandine (up to 2 rom. across) 
generally associated ~th t agged strained quartz and coarse muscovite 
flakes with 60me calcite. The e l ongated ferromngnesian cinerals define 
Q good foliation, particularly large muscovite flakes scattered through 
the muscovite-arnphibole-clinozoisite bandG. 

G33B Ragged quartz, porphyroblasts of albite and s~ller garnets 
(almandine), hiShly deforced streaQ5 of fine cloudy sericite (some 
recrystallizing to muscovite), colourless ~hibole, chlorite , minor 
brown ?biotite, and trails of opaque material with accessory pyrite. 
Growth of the ' pofPhyrablasts and some quartz mosaics post~dates the 
strong deformation. 
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G33C The rock is well foliated with differentiation of miner a l s 
into veins or bands; it is made up of quartz, a l bite, chlorite (some 
shredded, some coarse), muscovite, almandine, calcite and sphene. 
Large porphyroblasts of albite up to 8 em. across (with trei ls of fine 
opaque material and rough bands of scattered euherl r a l al~~ndine 
crystal s up to 0.6 mm. across) occur in wide irregu l ar bands of chlorite, 
muscovite, a lmandine and cina r sphene. The individual mineral s Qay be 
spread throughout or concentra t ed in agg r egates or roushly def ined bands. 
A band up t o 6 rom. wide of quartz (mosaic of small, slieh t1y st r a ined 
grains ) contains I~eins" of qua rtz, trails of very fine aarnets end a 
bend with scattered ~scovite flakes . Deformati on of the fo Lia tion is 
appa r ent in t he bends of bladed ferrom6gnesien rniner ol o cnd trails of 
gernet. The albite end poss ibly the l a rger elraandine porphyroblasts 
post-date deformation. 

G33D Scattered l a rge poi kilobl as tic gr ains of a lbite (up t o 6 ~Ta. 
across) enveloping fine alcandine garnets, irregula r lenses and bonds 
of pale green-brown chlorite, fine anhedral quartz (in p l aces formine 
rough bands with ch l orite and , rarely , garnets or ouscovite ), inte r s titia l 
c3lcite (particula rly i n a wide "band" of- a l bite poikUoblasts with 
inters titial chlorite and cal cite), and r a r e sphene end rutile . The 
f o lia tion I s defined by l enses and bands of chlorite and l enticula r 
mosaics of quartz. 

G33E Well- fo l iated schist cocprising albite, epidote (and ?clino-
zoisite), pale green to blu e-g r een arnp~ibole, ~~scovite , almandine, 
qucrtz, rare chlorite And sphene. The rock i s l argely nade up of 
fairly fine gr anula r epidote with some cuscovi t e and scatter ed garne t s 
(up to 1. S en.) and Qi no r interstitial a l bi te and quar tz . Pet ches 
occur ( ?ir·regular bands) with coarser and sore abundant C1Uscovi te , 
albite and quartz. Garnets of t en have l\ssocietoo mEl r ginel r.ruscovitc 
and e re in places partly a lter ed to green chlorite . Strone defo~ation 
of the rock i s apparent in the dcfor oat i on of troil s of miner a l s and 
of the poor t o moderate schi s t osity. 

G33F The section consists of a band of a l bite-alnendine- emphi bo l e , 
separated from a band of a l bite- chlorite- muscovi t e- anphibole 
(-elcandine) by a 1~ cm. band of quartz- a l mandine. The quartz- Borne t 
band i s r.l8de up of IIveins ll of r agc:ed str ained qua r t z end trails, 
some quite dense, of very fine earnets. The J'vc i n5 " a r e coarsest 
oarginally and in the centre of the band . &are cal cite is present 
(the band i s pink in hand spec imen; as with other r ocko of the suite 
the pink coloura tion is cau sed by the presence of very abundant, very 
fine garne t s , gener a lly in lIgranoblastic" quertz . !>k:rgin.:l l to thi s is 
a band comprising poikiloblastic e lbite and almandine, up to 1.S rom. 
ecros s , with "interstitia l" pal e gr een or colourless t o pal e blue­
green ~hibo l e and scattered sphene . On t he other s i de of the quartz­
garnet band , the composition is a lbite and oinor quar tz , cuscovite, 
chlorite, pa le gr een t o pa l e blue- Cr een e~hibo l e cclc i te, smal l 
garnets, mi nor sphene and r a r e rutil e . The fol iation i s dcfin~~ by 
quartz "veins" , trail s of garne t s cnd the alignr.1ent of 50me chl orite 
and [i)Uscovite . 
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G33G Scattered porphyroblasts up to 2 mm. across of clear ·albite 
(with small inclusions paralLel to schistosity) and fewer almandine 
porphyroblasts (incLusions in some are arransed in a circuler 'pattern 
indicating rolling during formation). abundant very paLe ereen-brown 
to pale blue-green amphibole, c linozoisite , minor chorit~, quartz and 
muscovite, and some calcite, with accessory sphene. The eloneated 
o1nerals define a good schisto s ity. There is not cetamorphic differ­
entiation. 

G33H GLaucophane schist comprising g laucophcne (colourless (X) to 
lavender (Y) to pal e violet blu~ (Z), pale green to blue-ereen 6mpqibole 
(some marginal t o B laucop~ne ). abundant pale yellow epidote, albite 
and calcite with accessory sphe'ne . Bladed and fl akey r.ti.nerals def ine a 
strong schistosity. 

GJ4A Highly deformed schistose muscovite~ actinolite (soQe ri~lng 
r a re glaucophene)~ bladed ep i tiote, clinozoisite (some zoisite) , calcite, 
almandine (some rolled porphyroblasts), minor albite, r are chlorite, 
accessory sphene. It is obvious that the r ock is the product of several 
periods of metaQOrphi sm. 

G34B Abundant albite poikiloblosts up to 1% mm. across and so~e 
quartz, patches of highly pleochroic neutra l to dark-bLue-green (soDe 
vio l et) cmphibole with abundant yellow epidote and soce green chlorite, 
cuscovite and minor biotite, accessory sphene. Intense deformation of 
the rock is apparent in the deforoation of mineral bands (and trails 
through the albite poikiloblasts). The growth of muscovite largely 
follows the deformed foliation. ~ periods of rnetamorphiSQ are, 
obvious. 

G38 The main part of the section corJPr1ses abundant large sub- · 
hedrsl porphyroblasts of a lbite (up to 4 ~. across, with fine 
amphibole Qnd sphene inclusions sometimes forming a foliation not 
parallel to schistosity) in a "groundcess ll of co l ourl es s ar.l?hi bol e (? 
treQOli te), green-brown ch lorite, calcite. quartz and some sphene. 
In a · Zone at one end of the sec tion the groundrncss and albite 
pOt1)hyroblasts contain trails of abundant srJaU ciarnets. At the 
other end of the section truscovite and garnet ~re cocmon and the albite 
phenocrysts are fewer and SGal l er and crowded with garnets; several 
narrow '''Veinsll of quartz And garnet occur Bnd the schistosity is better 
developed . Thin co lcite veins cut the rock. 

G39A Thin "veins " of ragged highly strained quartz; bands of quartz 
pale green to olive green amphibole~ scattered muscovite and som~ green 
chlorite and epidote and in places scattered seal I garnets; bands of 
quartz with minor acphibole. muscovite and epidote, but very nbundant 
fine garnets; wide trails of very fine garnets (like fish eggs) with 
moor· quartz • . Alignment of e l ongated minerals and segregation into 
bands define a very good schistosity . SoQe flakes of DUscQvite cut 
across this. The rock is e. product {ntttaUy of severe ·dynamic metEUilor­
phi sm. Trails of fine garnets , Are pink in hand specimeni fo~ng bands 
several millimeters wide. Some r etrogressive cetWilOtphisa bas' taken 
place. 
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G39B· Smalt lenticular porphyroble:sts (1I8U8E:0611) of albite scattered 
abundantly 1n schi stose pal e . yellow~ereen cu;:zphibole, green" .chlod te, 
muscovite, clinozoi site and abundant accessory sphene. thin calcite 
veins cut the rock, Which 1s hi8h1y schistose. 

G40A .IIVe insli of quartz Clnd 0"£ a lbite (largely nutually exclusive ) 
and- irregular lenticular porphyroblasts of albite, ~ll porphyroblasttc 
garnets (up to 1 mm. across) cnd schistose pale green to colourless 
amphibole, epidote, chlorite and accessory sphene and pyrite. A wide 
band of fine ragged quartz and fine garnets is present. Cross-cutting 
veins of albite branch from the r:letaLlOrphically differentiated 'lveins". 
Bladed minerals flow a round the garnet porphyroblasts. 

G40B Ragged porphyroblasts of albite up to 2l.i 00. ecross, irregular 
lenticular patches of a lbite and quartz, and scattered garnet porphyro­
blasts up to 3 rum. ccrOS5 (with chlorite and so~e sericite in fractures), 
and IIschistose ll ba·nds of muscovite, quartz., some chlorite and minor 
clinozoi site. 

G46C Ragged mosaic of strained quartz with soce albite and fairly 
abundant epidote, clinozoisite and muscovite flake s, sone ·ch lorite and 
rare sphen~. Large highly sieved a lmandine porphyroblasts uP. to 4 me • 
. scross occu.r throughout , envelop ina abundant qU£l~tz grains and altering 
tn part to chlorit~. The rock is poorly to moderately foliated. 

C46D- IIVeins l1 of ragged strained quartz with some albite and scatter-
ed long parall e l flakes of QUscovite; irregular IIbands" of Wllscovite, 
quartz, albite, scattered euhedra l olcandine , SOr.le chlorfte and, in 
places, calcite <generally in cleavages and between flakes of the 
schistose muscovite), Several l o rge porphyroblssts of albite a re elso 
present (up to 6 ce. ac ross) with included quartz and zarne t (in one, 
droplets of quartz define a deformed foliation). The muscov!"te defines 
a Bood schistosity. 

C90 Large aioondine g~rnets up to 1 ca. ~cross (e.lterine in 
fractures to green chlorite and soce muscovite, some with abundant 
included quartz) set eener a lly in a cass of fine granul o.r epidote with 
50Qe quartz, albite, ouscovite, chlorite, a few grains of tou~line 
and rare sphene. At one end of the section. l erne garnets ·are set in 
coarse strained ragged quartz and a lbite, with some foliated t abular 
epidote, wscovite. some chlorite a few grains of toutT.lQ.lin,e Qnd rare 
sphene. Schistosity is most pronounced where th e: granular' ·epidote i s 
not mo.ssi vee 

cloic Pale green to dark' bluish-gr een amphibole, epidote, albite, 
les.ser QUscovite and, some quartz, minor chlodte Ilnd rare red-brown 
bicitite. The rock is we ll foliated and shows a slight tendency for 
light and dark minerals to segregate. 

.' 
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AIBALA VOLCANICS: (see Appendix I) 

AUGA EEDS: (see Appendix 1) 

TALAMA VOLCANICS: 

(1) Aroa (Idose) River Headwaters: 

G7A Basalt. Phenocrysts of pale green augite, up to 2 ora. long, 
s~ller fresh plagioclase laths nnd scattered grains of opaque oxide, 
in a groundtaass of fine plagiocLase and c"ryptofeldsite, \-1ith granular 
opaque oxide and some augite, and small patches of brown chlorite with 
some calcite (?veSicL es). A rough flow foliation is defined by the 
phenocrysts. 

G7B Porphyritic augite basalt. Phenocrysts of green augite up 
to 1 em. across (some with Sr.lB.ll inclusions of olivine altering to 
iddingsite) and smaller green to colourless a ugite, colourless olivine 
and some pLagioclase (with small inclusions), in a ground~ss of 
plagioclase, interstitial feldspnr, granular augite end opaque oxide. 

GllA Plagioclase lava (?trachyte). ·Small euhedral laths and grains 
of feldspar (?plagioclose ; with simple or no twinning. SOr.:le of the 
larger grains zoned and internal alteration to kaolin and some calcite). 
in a fine dark indetetuinate groundmass with some granular opaque oxide. 
Reaction between ground~Ass and phenocrysts is apparent, The rock has 
a pronounced trachytic flow texture. 

(ii) Middl e Ansabunga River: 

Gl03 Ausite·biotite-hornblende andeSite. Phenocrysts l ess than 
1 mm. long of plagioclase, pale grcen augitc, biotite (pale to dark 
brown. some brown and only mildly pleochroic; looks secondllry) I horn­
blende (green and Sieved, sooe brownish and zoned) and opaque OXide, 
in a groundmass of fine plagioclase. interstitia l feldspar and 
granular opaque OXide. with cinar calcite. A faint flow foliation is 
defined by the matrix. A small zenolith is made up of fine brown 
biotite, augite. plagioclase and opaque oxide. 

GI04 Fine·grained basic tuff. Poorly sorted angular fragments. 
generally less than 0.5 Qro. in size of plagioclase, pale green augite, 
leVa <fine·erained pLagioclase lavas with sorae ::lUgite and rare biotite; 
sOr.letimes highly oxidised) ra·re hornblende and biotite and opaque 
oxide. in an abundant dark, indeterminate nntrix, Unbedded in thin 
section. 

G107 Augite baealt. Phenocrysts of augite up to 2 rom. across, 
and smalLer phenocrysts of plagioclase (so~e partly chLoritised) and 
euhedral pseudooorphs of pal ~ brown chlorite with reddish brown 
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?haematite rics (after ?pyroxene) 1n e feldspathic eroundcass with ve ry 
fine granular augite and opaque oxide, and s~ll chl orite fi lled 
?vesicLes. 

GLOB Augite basalt. Phenocrysts of augite up to 1 mo. long and 
some red-brown ?lamprobolite (being replaced internalLy by chlorite), 
set in smaller plagioclase laths with interstitial feldspar and cinar 
pale brown chlorite (so~e r eplacing plagioclase). 

GI09 AUgite - lamprobolite ?baaait. Phenocrysts of pale green 
augite up to 1 mQ. long, fewer saaller l amprobolite phenocrysts 
(some alterine to colourless ?chlorite internally) and small highly 
altered plagiocl ase grains (to colourless ?zeolite), with interstitial 
fine plngiocl£l.se, feldspar and g ranular opaque OXide, and nur.lerous 
chlorite or zeolite lines, zeolite filled (or enpty) vesic l es. A 
~ll (3 ~.) basalt xenolith of similar composition (but with oxidised 
catrix) is present. 

Gl16 Vesicular augite basalt. Augite phenocrysts up to 3 ~. long, 
and rare scalI grains of ?lanprobolite altering to chlorite , in a 
groundrnass of fine untwinned plasioclase laths, interstiti~l feldspar, 
chloritised g lass and scattered opaque OXide, augite and ?lar.lprobolite, 
and irregular vesicles lined with brown-green chlorite and filled with 
zeolite. 

(iii) Middl e Dilava River : 

G123A Augite andesite . Abundant phenocrysts of pl agiOClase (well 
twinned, so~e with oscillatory zoning. up to 2 rom. l ong ) and l esser 
augite and scattered small grcins of opaque oxide in a very fine 
groundJilllss of plagioclase , interstitial feldspar and sorae fine granular 
opaque oxide. 

G123B Aus ite-hornbl ende Andesite • .similar t o G123A, but with 
phenocrysts of brown to brown-green hornblende, often rinmed by fin e 
opaque oxide. 

G124 Augite basalt. Phenocrysts of pale t;reen llugite up to 2~ r:un. 
long, and olivine (up to 1\ roc. across) completely a ltered to iddingsite 
and chlorite, with a few grains of opaque Oxide, in a groundr:nss of 
fine plaeioclose, interstitia l feldspar, SOQe chlorita , e ranular 
pyroxene and opaque oxide, and pa tches of chlorite and scattered 
larger pl~ioclase grains a ltering to green-brown chlorite . 

G126 Augite basalt. Phenocrysts of slightly si eved pole green 
augite up to 3 mm. long, and ?a~phibole compl etely altered to pale 
brown ?chlorite with scottered chlorite lined vesicles in a very fine· 
grained groundQ8ss of plagioclase , interstitial feldspar and minor 
chlorite , and soce granular augite and opoque oxide. 
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YALFA FORMATION: 

GUl· Augite Andesite (boulder in conglomerate). Phenocrysts of 
plagioclase up to 2\ QQ. long (often zoned, fairly well twinned) pale 
green aU8ite and grains of opaque oxide, in a cryptofeldsitic eround@ass. 

G114 AUR1te~larnprobolite andesite (boulder in conelomarate). vlell 
zoned (oscillatory) phenocrysts of plagioclase up to 2~ ~. lone, pal e 
areen augite and lamprobolite, in a cryptofeldsitic croundr:ULsG t.nth 
scattered socIi grains of opaque oxide. 

GI20A Calcareous conglonerate. Well-rounded pebbles up to 5 r,~. 

across of areillite. chert, basic and intero~diate lavas, slate and 
sericite schist. with Q calcite cement (containing euhedr~l authigenic 
?zeolite). 

MI. DAVIDSON VOLCANICS: 

G131 Augite-olivine basalt (Angabunga River). Phenocrysts of pale 
green augite up to 5 mm. long. and smaller olivine (alterine to addine­
site marginally and in fractures), with scattered small chlorite lined 
and filled vesicles, in a fine-grained groundL~ss of plag ioclase, 
interstitial feldspar and some chlorite and granular augite , olivine 
altered to iddingsite, and opaque oxide. 

G132 Pyroxene besslt (Nesr Bakoiudu). &aell ph enocryD~s of 
plagioclase with scattered augite and orthopyroxene phenocrysts, in a 
fine black oxidised groundmass. The rock has sr.1all irregula r unfill ed 
vesicl es. 

G120B Olivtne-augite basalt (Dilava River). Scattered phenocrysts 
up to 3 mm. long of pale green augite and olivine altering carginally 
to iddingstte, and minor plagioclase in a very fine groundrnass of 
generally randomly orientated acicular plagioclase (lif low" round pheno­
crysts), interstitial feldspar, granular opaque OXide, augite and 
iddings1te and some brown chlor1tised glass. 

INTRUSIVE ROCKS: 

(a) PORPHYRIES: 

(1) Araa River Headwaters: 

Gl3 Hornblende andesite porphyry. Abundent euhedral phenocrysts 
of plagioclase (to 2 mm. long, often with oscillatory zoning , sometices 
altered) and hornblende (to l~ QQ. long, olive green to pale green-brown) 
and scattered granular opaque oxide, in a clear groundmass of fine plag­
ioclase and anhe>.dral feldspar and quartz, with minor sraall calcite 
growths. 
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G14A Altered plagiocla se porpbyryo' Plagioc l ase phenocrysts (to 2 rom. 
l ong . often partly altered t o kaolin, with minor sericite and epido~e) 
aggr egates of chlorite and with minor ep ido t e and sphene r ep Lacil-,g feno· 
magnes ian phenocrys t s and scattered embayed pyrite gr eins 1n l'. cloudy 
quartzofeldspathic groundmass . The una ltered rock was probably sioi l a r 
to G13. 

CIS · Andesite pOrphyry. Plagioclase phenocrysts (up t o 2% mm. l ong, 
often wi th good oscil l a t ory zoning, rare l y altered internally) and fewer 
smaller green hornbl ende phenocrysts (altering t o calcite. with some 
chlorite), i n a quertzofeldspathic g r oundmass with scalI patches of 
ca lcite a nd some chlorite, a nd rare epidote . Accessory opaque oxide. 

G19A Slightly altered andesite pOrphyry. F l6giocl~se r-hznocrys ts 
(up t o 2 oro . long , some zoned) a nd smaller pseudoQOrphs of hornb l ende in 
calcite with some chlorite, in a c l oudy quartzofeldspothi c groundmass 
with small patches of calcite and some chlorite. Accessory opaque oxide. 

G19B Altered andesite porphyry.- Phenocrysts up t o 2 r.Ilil . l ong of 
plagioclase compLetely a lte r ed t o sericite, colourless chlorite and 
calcite, and ?hornblende compl e t e Ly a ltered to calcite, brcwn ch;_,:.::itc 
a nd quartz, in a s ilicified quartzo£eldspathic groundmass with abufiCc-~ t 

serici t e flakes and sma ll patches of calcite. Scat-t e.r zd Brai ns of 
ilmenite altering t o fine sphene occur, and minor pyrite . 

G20 Basalt (? re-la ted t o basic porphyries) . -Fine pl ag i oc Lase l a t hs 
(less tha n 0.2 rom. l ong ) inters titia l feldspar, ch l orite . some quertz 
g r anular opaque oxide a nd abundant small patches of cal cite. 

G26C Highly alter~rl (?andesite) porphy ry_ Rar E f-hcnocrys ts of 
plagioclase (replaced a l most entire ly by sericite (mus(;ovite) flakes) 
and scatter ed phenocrysts of a fe rromagnesian miner~ l (?hornbLenue ) I 

c omp l etely replaced by g r een chl orite , epidote, Qinor pal e Br een nQphi­
bol e and abundant pyrite (with minor opaque oxide), in e s ilic!.fied 
quartzofeldspathic g r oundmeass with ~bund8nt sericite f l ake r. and 
scattered e~idote grains 3nd fine sphene . 

(11) Auga· River headwat ers (intrus i ve into the Owe:n St.::.n l ey 
Me t amor phics) . 

G48A Al te·r ed hornblende andesite porphyry _ Phenocrysts, up t o 2~ 1iUIl. 

long, of plagioclase (partly o r completely altered t o oger ega t es of 
sericite flakes, with some chlorite and calcite ) e nd pseudo~orphs after 
hornblende (comp l e t e l y al t e r ed t o chlorite a nd calcite ), in a s ilicified 
quar tzof e ldspathic ground~ss (with scat t e red fine sericite a nd cal cite 
agg r ega t es) Which contains scattered pyrite and opaque oxide. 

G59A Al t e r ed ?andesite pOrphyry. Gr anu l a ted looking r ock cO:TI?rising 
phenocrysts of plagioclase (of t en cloudy, a ltering t o sericite (musco'/ite ) 
and calcite) and a fer r omagnesisn miner a l (?horn bl ende, comp~etely 
a lter ed t o QUscovite, chlorite , calcite and some sphene), with SOGe 
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a groundmass of ragged quartz and scattered 
calcite. Quartz veins heve apparently been 

Large grains of pyrite (up to J ~.) Are 

(b) PLUTONIC ROCKS: 

(1) Aroa River Headwaters; 

GB ?Augi·t e diorite porphyry. Phenocrysts of euhedral ?lagioclase 
(some zoned, with a carginel or internal zone of lateration) up to 1 rom. 
long, pale green augite, some pale to dark brown biotite . end rare ligh t 
green amphibole. in a fairly coarse groundQass of plagioclase, quartz, 
augite, biotite, opaque oxide and some brown chlorite. Tna porphyry is 
probably related to the plutonic suite of rocks, rathe r than the 
andesite porphyries. 

G14B Altered diorite with a granophyre vein. 

Altered diorite: Grainsize up to 3% ~. cornprisinz sodic 
andesine (altering to calcite, sericite end SOQe epidote) a ferromag­
nesian minera l (completely altered to chlorite (some pennine), calcite, 
fine ?sphene epidote and some pale to red-brown biotite), and inter­
stitial quartz (7-107.) with scattered granular epidote and soce pyrite 
and opaque oxide. 

~; The marginal 6 mo. to 1 cm. of the vein is made up of 
small (less than 0.25 ~.) anhedral quartz grains (507. ) set in l a r ger 
cloudy orthoclase (kaolinised, elinor calcite) with l:'.1nor Cloudy plagio­
clase. The r est of the vein is granophyric in texture and composition, 
comprising micrographic quartz and cloudy orthoclase. Irregu ler quartz 
veining cuts the granophyre. and has associated with it altered ferro­
magnesian minerals (altering to chlorite, epidote, ?sphene end minor 
calcite) and pyrite. 

G26A Diorite. -Medium-grained (up to 3 mm.) diorite comp rising 
andesine (quite fractured, with sericite in fractures) ar.d 15% gr een­
brown hornblende with minor dark to pale brown biotite (slicht altera­
tion to chlorite) . Pyrite and opaque oxide are accessories. A crush 
zone cuts the rock, and is intruded by quartz with Iilir.or epidote. 

G26B Diorite. The rock is fairly fine-grained (up to 2 rum.) end 
is ~e up of plagioclase (in the calcic andesine to sodic l abradiorite 
range, often fractured and a ltering to sericite), hornblen~e (15% pale 
green to pale brown, possibly replacing earlie r augite, often cloudy 
loo king and altering to chlorite, calCite, epidote and rare brown 
biotite) and interstitial c loudy feldspar and quartz. Accessory opaque 
oxide. 

G26D Granodiorite. Medium-grainbd (up t o 2% ~.) rock cooprising 
eu~edral plagioclase (calcic andeSine. cal) interstitial orthoclase and 
quartz (25%) and euhedra l pale g reen-brown hornblen~e (15%, some al ter­
ing to chlorite and epidote). Accessory pyrite and rare opoque oxide. 
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POrphyritic_biotite_hornblende granodiorite with n biotite 
grant te vein. 

Granodiorite: '~henocryots" of· oscillatory zoned p lagioc lase 
(up ·to 2 1lIlil. l ong) in a IIgroundmnss" of fine quartz (sr.:oe.ll grains and 
also "platey U) and cinor orthoc lase, with 15't biotite (pale g r een to 
dark brown up to 0.5 mm. ~ong) and hornblende (alcost colourless~ granu­
lar) and accessory opaque oXide. 

Granite: Equigranular anhedral (1 to 2 mtl. srainsize) quartz 
and Cloudy orthocLase, with minor plagioclase and biotite (pale to dark 
brown altering to sreen chlorite with concomitant sphene) and accessory 
opaque oXide. 

(ii) Dilav8 Rive~ Headwaters: 

G29A Biotite - hornblende (augite) diorite (conzonite). Plag ioclase 
l esser orthoclase and minor quartz, with l arge crystals of biotite and 
hornblende (replacing augite), acces sory opaque oxide and rare pyrite. 
Flagioclase forms euhedral grains up to 1 rom. long; orthoclase is inter­
stitial, forming anhedral platey grains. Cloudy looking grains, up to 
3 mo. across, of pale green amphibole (?hornblende) r eplacina fractured 
augite (with the foreation of some granula r opaque oxide) Qake cp 15% of 
the rock. Biotite makes up ,107. forming large l'ophitic ll grains up to 
6 rom. long (abundant inclusions cause isolated patches of biotite in 
optical continuity) which a re pale to dark brown, with mnor r,lareinal 
alteration to green chlorite (and minor sphene). 

G29B Biotite-hornblen~e (cuRite) adamellite. The rock is fairly 
fine-crained (up t o l~ Qrn.) and is made up of plagioclase, cloudy ortho­
c l ase, quartz and 20% ferromagnesian minerals ere brown biotite, pale 
gr een amphibol·e (with opaque oxide) replacif'18 fractured euette. and 
minor green hornblende (?priaary). Several granitic pnt.ches (qua rtzortho­
clas~ occur in the section. 

(iii) AuRa. River Headwaters: 

(.) . . Schists of the Owen Stanley Metamorphics : 

·48B Fine-grained hornblende diorite. Zoned euhedr a l p lagioclase 
057., up to 1\ mra. long . gener a lly fresh but some partly kaolinised 
internally) and pale green to pale brown subhedral to anhedral horn­
blende, with minor interstitial quartz, rare brown biotite, sphene, 
chlorite and epidote, and accessory pyrite. 

G60A Augite-bio tite (tiIOnzoni·te) adamellite. Plagioclase 45~ 
(oligoclase to andeSine, euhedr61~ up to 3 QS. long, some Zoned) slightly 
kaolinised orthoclase 25~t quartz 15t (with comQOn quortz~orthoclase 
int er growths), ferrocagnesian minerals 15t (comprising augite, some 
replaced internally by pale green secondary ~hibole; paLe straw brown 



- 47 -

t o red brown bioti te ; end pale gr een snd g reen-brown secondary 8Qphibole) 
and accessory opaque oXide. 

G60B Fine-grained hornblende-biotite-augite-diorite with large 
augite xenocrysts. The diorite co~rises 70% plaeioc lase (up 

to 1 mm. long, altering to sericite flakes), 157. interstitial slightly 
cloudy orthoclase and quartz, 15% very pale green and brown amphibole, 
pale to dark brown biotite, augite and accessory opaque oxide, inter­
stitial celcite and apatite.· The exotic augite phenocrysts (xenocrysts) 
are quite nu~erous snd are up to 5 rom. lone. They are zoned, with thin 
carginel Zones beIng replaced by fine calcite (?and some fine secondary 
amphibole), and rims of very pale green secondary amphibole snd some 
calcite. Scattered small grains of opaque oxide are present and oinor . 
pyrite. S~ll grains of plagioclase are rarely included. 

(b) t1etavolcanics of t he Owen Stanl ey Metaoorphic s: 

G62A Granodiorite pOrphyry. ~ndistinct phenocrysts of euhedral 
plagiocLase (poorly twinned and zonedr' rounded quar tz, SO[;lC ?orthoclase 
and green chlorite (with SOQe calcite) repla.cing ?hornb l enrle , in a 
quartzofeLdspathic groundmass with scattered calcite and chlorite, and 
accessory opaque oxide. 'Ibi s porphyry is probably related to the 
plutonic sui t e of rocks, rather than the andesite porphyries . 

G62B Altered ca.bbro. Grains of augite up to 5 06. long set in 
larger grains of cocpletcly a ltered plagioclase (to sericite, kaolir • 
SO[;le zeolite with accessory ?ill[;lenite altering to lucoxene. Irregular 
veins Bnd patches of pennine chlorite cut the rock. 

G63 Gabbro breccia. In the unbreccieted part, the gabbro consists 
of euhedral to subhedral plagioclase laths (up ·to 3 tJO. 10113, cany 
complet ely a ltered to zeolite or s ericite) set in large plates of c loudy 
augite (up to 8 me. across). The brecciated Fortion comprises large 
fragments of the above composition, and abundant fraements (e eneraLly 
l ess then 1 om. across)of cloudy ~uglte and partLy zeolitised or 
sericitised plagiocLase in an abundant fine dark indeterminate 'Ir.latrix": 
this portion of the rock has the appearance of a volcanic e reywocke. 
Zeolite nnd pennine chlorite veins cut the rock. 

(c) 1 £: 1 Stage rocks of the Auga Beds: 

G69 Fice-grained eranodiorite/adQQellite. Equigranular. with 
grain size up t o 1 em. comprising 50% quartz, 45% hi8hly kaolinised 
feldsper (plagioclase much in excess of orthoc lase) and 5% apple green 
t o pale gr een chlorite, accessory epidote. Thin calcite filled joints 
cut the rock. 
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APPENDIX 111 

EXTRACT FROM HlCROPALAIONTOLOGICAL REPORT BY D.J. BElFORD 

Sacples P1522 to 1526 collected froc the "I-'aiulu Group" of the 
Auga Beds~ AUgll River. 

P152·2 

P1523. 

PlSZ4. 

PlS:I;S. 

PI526. 

Foraminifera, algae. 

Lepidocyclina spf-. (Eulepidine.; Nephroleplc!lna) 

Spiroclypeus sp. (rare) 

Gypsina vesicuiaris (parker & Jones) 

MiogypslnoidL6? sr.. 

Indeterginable smaller foraciniferll 

Discocyclina spp. ) 

Nur.r.rulites sp. ) derived. 

Halkyardia sp. ) 

Foracinifera. bryozoa. 

Lepidocyclina spp . (possibly including Eulepidina) 

Spiroclypeus sp. 

Heterostegina sp . 

rare planktonic foraainif era (Globicerinidae) 

Discocyclinll sp. ) 

Nummulites sp. ) 

Fasciolltes sp . (one· specimen) } 

No foraminifera observed; abundant bryozoal? fragments. 

No foraminifera observed; algae, bryozoa? 

No foraminifera observed; abundant bryozoa . some uolluscan 
fraglilents . 
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An age can be gi ven only for sacples P1522 and P1523: these 
are regarded as lower Ie' s t age (?Lower Miocene) in aze, with derived 
Eocene specitlens. The llMafulu Group" has been considered to be Eocene 
in age (~e Verteuil & Rickwood, 1946; Claessner. 1946; Aust r a l asian 
Petro l eur.1 Cor.lpany , 19-61), on the evidence of NUlilIllU lites in one se:-.~iJ l e . 
In the pr esent samp l es derived Eocene specimens a r e mo r e numerous than 
those t aken to i ndicate a l ower I e ' s tege age, and it seems possibl e 
that s4Qp l es conta i ning only Eocene specimens could be collec t ed. I t 
is not possib l e to give an age t o samp l es P1224 to P1226; a stei lar 
fauna was recorded t.y Gl aessnEr,. (l946) in S8r.lp l es collec ted from the 
"Maiulu Groupll. 

F1527 is f l oat of the Auga Beds, co ll ected in the Dilava niver. 

P1527 Foraminif er a ; algae. 

Lepidocyc line (Eul epi~ina) sp . 

inde t erainable susl l e r fo racinif e ra. 

'£'1527 i s also lower Ie ' stag£: (?I.ow£:r Mioc£:ne) in a.e,e. 
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PLATE I 

Dark s.~oley and slatey siltstone, Ihin- bedded stltstone/fine-groined sandstone 

Recrys,'ollized grey sandy and pebbly limestone, minor yellolN Quortz sondstone 

BlOck snele Jnd srllslone, in many places with quartz pebbles. Bloc/( pebbly sandstone 
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Photo centr" point 
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PLATE 2 

LlTHOLOGY- AUGA RIVER SECTOR 

Crenuloted black phyllific siltstone with smoll rofted fragments of fine - grained 
sandstone. Interbedded indurated fine- grained sandstone, 

Interbedded metavolcanics 

Hard, green, epidotised, hornfelsic - looking submarine lavas wfth small deformed lenses 
of recrystallized grey limestone. Small bodies of andesite porphyry and gabbro. 

Highly sheared pnyllitic block siltstone with sheared-out lenses of fine-grained sandstone. 

Phyllif/c black siltstone. 20/ bed of argillaceous sandstone. 

Thm - bedded shaley block siltstone and fine -grained dark argillaceous sandstone, 
with sandstone interbeds up to 30' thick. Very regular bedding. 

Flne-grOined granodiorite /adamellite. 

Grey sondy marble witn sandstone, pebbly calcareous sandstone. 

Block shaley siltstone, often with fine quartz pebbles, block sandy shale, black 
pebbly sandstone and beds up to 15/ thick of highly inourated pebble 
conglomerate. Sandstones grade info orthoquartzifes. Clastic material includes 
strained quartz,plagioclose, chert, argill/te, slate and rare intermediate volcanics. 

Chara clen's/feolly weathering tnin - bedded and massive red marble (gritly) 
Calcareous sandsfot7e ({;rit) and calcareous pebble conglomerate. 
At the base is det7,e grel lirrestot7e (PI522, 1523) yieldinq a lower 'e'stage 
(?L ower Miocene) cge. 

Block shale, some 20/ )fJterbeds of fine - grained dark sandstone. 

Block sholey 5'lfstone wi/h fine - grained sandstone, generally thin - bedded. 

Intensely slump deformed thin - bedd8d black shaley siltstone and fine­

g!'c'ned sandstone, with scattered black calcareous nodules and lenses. 

50ft - weatherlflg, h'9hly sf-eared, fine -- grained volcanrcs. 

Massive 50ft - ",eafhering, strO'1gly jointed, al/ered submarine dolerifie­

and basaltic - looking lo(as. 
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