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DEPARTMENT OF MINES AND ENERGY
SOUTH AUSTRALIA

- Rept.Bk.No. 79/119
D.M. No. 725/75

RELOGGING OF DIAMOND DRILL HOLE MM14,
MUTOOROO MINES

ABSTRACT

The deepest cored base-metal exploration hole
in South Australia (MM14) is sited at the Mutooroo
Mines in the Willyama Complex, Olary Province. Country
rocks as intersected in the hole consist predominantly
of gneissic amphibolite, pyroxene-bearing granulite
and numerous varieties of quartz + feldspar + mica
gneiss. These include augen gneiss and sillimanite +

kyanite gneiss. Gneissosity was developed about
1700 Ma.

All lithologies are microscopically folded and
retrogressed during a later schistosity-forming folding
phase. Where this new schistosity is subparallel to
parallel to the original gneissosity, sericitisation
is extensive.

Chalcopyrite occurs either as disseminations in
gneissic amphibolite or with pyrite and pyrrhotite as
aggregates in pegmatitic, leucocratic segregations in
oY near gneissic amphibolite. Multi-element geochemistry
of twenty samples produced only an anomalous result in
lanthanum.

H INTRODUCTION

Exploration by Mines Exploration Pty. Ltd. from 1962 to
1974 established probable reserves of 8.7 million tonnes of
1.7% copper at the Mutooroo Mines (Horn, 1973). Mineralisation
at the nearby Trinity Mine (Fig. 1) is appafently stratigraphically
controlled, with enrichment in a fold hinge.

Lithologically the country rocks have stronger affinities
.with high grade gneisses near Broken Hill rather than other
Willyama Complex rocks in South Australia. Unfortunately outcrop
in the area is poor and hence the geological history is not

well known. The deepest hole, MM14 (1618.9 m), of the Mines

Exploration Pty. Ltd. program, represents the longest diamond-

drilled base-metal exploration hole in South Australia. Although



-2-

lithologies of country rock are representative, the hole did

not intersect the mineralised zone. Based on other holes, the
discordant lode veins show a close spatial relationship with

a thick gneissic amphibolite unit. Most mineralised zones are
bounded by gneissic amphibolite but where bounded by other
gneiss types, there is neither diminution of ore grade nor width,
MM14 revealed that the gneissic amphibolite was very much deeper
and thicker than expected after extrapolation from adjacent
diamond drill holes (Fig. 2).

In the primary zone, veins consist of chalcopyrite and
rounded quartz granules disseminated through a pyrite and
pyrrhotite matrix (Brooke, 1966). Minor gangue minerals are
biotite, chlorite, feldspar and magnetite. In reserve calculations
three vein systems are used; main orebody, western orebody and
the southern low grade extension (Horn, 1973)., Vein widths
are generally less than 2 m but. there are unsubstantiated reports
of widths up to 21 m.

Details of drilling, tro-pari surveys and core/gneissosity
angles fPr MM14 are reported by Mines Exploration Pty. Ltd.
(1962—1934). Results of previous investigations are summarised
in Stadter (1974, 1976).

Reported herein are relogging of the core (Apbendix A),
multi-element semi-quantitative analyses, petrography and
preliminary geochronology carried out during 1978 and 1979.

" A bibliography for the Mutooroo Mines is included.
HISTORICAL REVIEW

The Mutooroo Mines were discovered in 1887 and until their
closure in 1914, were the biggest copper producer in the Willyama
Complex. Fifteen shafts, the deepest being 140 m, extend along the
strike of the ore body for 1.4 km in a north-northwesterly direction.

Most of.the workings were in the secondary enrichment zone but
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some shafts reached the quartz + pyrite + pyrrhotite + chalco-
pyrite ore veins, In the oxidised zone, malachite and chrysocolla
occur with limonite, quartz and secondary silica‘(Brooke, 1966) .
Other minerals reported are azurite, cuprite, bornite and
atacamite (Brown, 1908). The ore texture is often preserved
with rounded quart:z granulés scattered through a limonite and
secondary-silica matrix.

A westward-dipping fracture system which persists for
over 1.5 km in a north-northwesterly direction and which transgresses
the gneissosity.contains the orebodies (Barton, 1943; King, 1952).
Ore appears to exist as shoots which pitch northerly at 600;
three shoots were worked in the secondary enrichment zone (Knight,
1950; Parkin, 1951). Records of production and grade details
are poor and often conflicting. Total production is estimated
at 6 000 tonnes of hand-dressed ore and coppervprecipitate from
mine water. Grade varies from 6.58% copper (Cu) for 2557 tonnes
producéd between 1896 and 1899, to 19.3% Cu for 218 tonnes
produced from 1907 to 1914 (McKeown, 1941). 110 tonnes of
precipitate from mine water contained 36.3% Cu (Brooke, 1966).

: PETROGRAPHY

Classification

The scheme used herein to distinguish and claésify lithologies
is based upon the present fabric and mineralogy. Genetic and
premetamorphic interpretative terminology are avoided.

Most lithologies are classified as either schist or gneiss
based on grain size rather than other fabric elements such as
lithological banding, differentiation layering or mica content.
However, the boundary is somewhat arbitary with no strict grain
size limits.

Schist and gneiss are subdivided further by their present

mineralogy and fabric e.g. presence or absence of lithological
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banding. Schistosity/gneissosity is aistinguished from
lithological banding. Schistosity and gneissosity are defined
by dimensional preferred orientation of minerals; invariably
mica. This deformational feature may or may not be parallel
to a lithological banding, which appears to be mainly original
bedding. |

Quartz + feldspar + mica gneiss

As numerous gneisses consist mainly of quartz, feldspar
and mica, a further subdivision has been adopted based on the
proportion of quartz and feldspar to mica, generally muscovite
and biotite. Quartzo-feldspathic gneiss contain less than 5%
mica and mica gneiss contains more than 40% mica. The scheme
is equivalent to, but not as detailed, as that used by the
N.S.W. Geological Survey for the Broken Hill area (Stevens et
al., 1979).

A distinctive feature common to many petrographic descriptions
of quaftz and feldspar-rich gneiss is a granoblastic or granulo-
blastic texture (Appendix B, P758/78; Appendix C). Quartz and
feldspar, typically form an equant, near-polygonal coarse-grained
mosaic. :As quartz and feldspar dlignment is rare, the gneissosity
is defined dominantly by mica. As the mica content approaches
zero, gneissic textures are poor to absent and grahofelsic
textures predominate.

Superimposed on the coarse-grained texture are abundant
small recrystallised quartz and feldspar grains. Many petrographic
descriptions classify the lithology as "fine-grained gneiss"
or "fine schistose gneiss'" because of the extent of recrystallis-
ation and smaller average grain size,

More pelitic varieties contain either staurolite, sillimanite
or kyanite enclosed by retrogressive sericitic mica. Sillimanite

is fairly common, in places intergrown with biotite. Staurolite
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is a retrogressive mineral as idiomorphic crystals up to 4 mm
long in a fine-grained sericitic matrix.
Augen gneiss

Augen gneiss contains microcline porphyroblasts up to
3 cm long and 1 cm wide in a well-foliated finer-grained quartz
and feldspar granoblastic mosaic, through which is developed a
biotite and muscovite gneissosity.

Retrogression

Superimposed on all quartz + feldspar + mica gneisses is
a strong retrogressive schistosity which, in places, grades
to a crenulation cleavage. Mesoscopic folding of gneissosity
is evidenced by retrogressive muscovite schistosity or crenulation
cleavage as axial plane fo folds. The angular difference
between gneissosity and retrogressive schistosity has a strong
control on the present mineralogy and texture. For a subparallel
to parallel configuration, fhe retrogressive schistosity is
very strongly developed, is distinctly planar and sericite is
abundant. For a large angular difference, feldspars are poorly
sericitised whilst the schistosity is poorly developed and
curvi-planar. ‘ ' L

Gneissic amphibolite and basic granulite

Commonly, amphibolite is schistose to gneissic and very
rarely banded. Feldpsar phenocrysts are minor but are locally
abundant in more massive portions. Hornblende (60-70%) and
andesine plagioclase (25-30%) dominate with significant minor
quartz and biotite. Components in trace amounts are ilmeno-
rutile, sphene, sericite, epidote and disseminated chalcopyrite
and pyrite. The schistosity/gneissosity is parallel to the
regional first phase gneissosity (Sl).

Interlayered with gneissic amphibolite are pyroxene-bearing

assemblages of up to 35% clinopyroxene and orthopyroxene with
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only minor hornblende. Granulite varies from massive and
granoblastic to weakly schistose where schistosity (probably
Sl) is defined by elongate aggregates of pyroxene.

Leucocratic veining is often present within gneissic
amphibolite and adjacent lithologies. Veins are coarse grained
to pegmatitic and contain feldspar, calcite/dolomite, biotite
and pyrite + chalcopyrite + pyrrhotite aggregates and occasionally
actinolite. Leucocratic segregationsiwithin gneissic amphibolite
particularly when containing biotite, are also gneissic.

Margins of gneissic amphibolite are extensively altered
to biotitic schist and chloritic mylonite (samples RS 164 to
167). Garnet is developed only within this altered zone.
Amphibolite and pyroxene granulite are retrogressed in these
marginal zones to biotite, chlorite, secondary K-feldspar,
calcite, quartz, muscovite and pyrite assemblages.

GEOCHEMISTRY

Twenty five samples representing the range of rock types
in the core were assayed for twenty elements by semi-quantitative
emission spectroscopy with a + 50% accurécy. Results as tabulated
in Apperidix D are generally non-anomalous.

The only anomalous result is 700 ppm lanthanum (La) for
chloritic mylonite in a retrograde shear zone on the lower
margin of a 380 m thick gneissic amphibolite. The anomalous
value is not repeated in three other sampleé from within a
distance of 0.65 m. At the time of drilling MM14, this was
the expected position for mineralisation.

GEOCHRONOLOGY

Rubidium/strontium (Rb/Sr) geochronology was used to
obtain the age of gneissosity development i.e. the first recognis-
able deformation and metamorphic episode. Six samples of augen

gneiss were analysed (Fig. 3) as the effects of overprinting
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by the retrogressive schistosity phase are least evident.

Plotted on an isochron diagram (Fig. 3), two samples are anomalous
and the remaining four are sufficiently widely scattered that
only a very approximate age is obtained. Maximum age for the
gneissosity development is 1700 Ma which is consistent with
dating of high-grade gneiss from the Mine Sequence at Broken Hill.
There, estimates of 1640 + 40 and 1690 + 35 have been obtained

by Rb/Sr and Pb/Pb methods respectively (Pidgeon, 1967;

Reynolds, 1971).

Retrogression during later Olarian Orogeny events (1500 -
1600 Ma) and during the Delamerian Orogeny (approx; 450 Ma)
have most probably caused Rb and Sr movements, producing the
scatter of points in Figﬁre 3.

SUMMARY AND CONCLUSIONS

MM14 is the deepest diamond-drilled base-metal exploration
hole in South Australia. Thé target was mineralisation on the
same horizon as that exposed at Mutooroo Mines, where orebodies
containing probable reserves of 8.7 million tonnes of 1.7% Cu
have beeg outlined by Mines Exploration Pty. Ltd. Ore occurs
in several veins within a long fracture system and consists of
chalcopyrite and rounded quartz granules disseminated in a
pyrite and pyrrhotite matrix.

Country rocks are gneissic amphibolite,Abasic granulite and
varieties of quartz + feldspar + mica gneiss. Gneissic amphibolite
contains hornblende + andesine with lesser biotite and quartz,
first phase gneissosity, feldspar phenocrysts and probably
represents igneous intrusives/extrusives. Basic granulite
contains 30-35% clinopyroxene and orthopyroxene with little horn-
blende, is massive to very poorly gneissic and grades into gneissic
amphibolite. Quartz + feldspar + mica gneiss varies widely in

composition and texture. Most common types consist predominantly
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of quartz, microcline, albite and biotite while rarer types
contain kyanite, sillimanite, staurolite and augen of microcline.
The gneissosity has been dated by Rb/Sr geochronoiogy at approx-
imately 1700 Ma. All gneiss types have a superimposed retro-
gressive folding phase with a muscovite schistosity and crenul-
ation cleavage evident in quartz + feldspar + mica gneiss.

Multi-element analysis of twenty five samples produced only
one lanthanum anomaly and this occurs at the probable position
of the lode horizon i.e. at 1491 m.
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APPENDIX A
GRAPHICAL AND DESCRIPTIVE LOG-Mutooroo Mines DDH MM K4
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DEPTH
{m)

GRAPHIC
LOG

DESCRIPTION

IENSISREN

2
i

7Q>/n

!
X

i1

2
(VN
!

[BABAE!

2
2

2ll
23

1t

260

i daaaaliag

!
!

g

I N

Lot

N
N

280

290

s N

nnlnuluulnulnulullhlulnulnnlnlllnnjunl]unlnnl“u

o0

~ o~

7[>n7

N N

A

vorioble corpos/ron From fellspors/C gr7e/ss SO S =rr gresss
Pyrite orn jorrs of 25/77

Crenv/otes, oburdont retrogressive muscovsre. 1

Sf/‘ary{y Foloed] 05///70th rsscovsre.

Lorpe prnk K- fekl

Compos/fior vores gradetionally berween /rthologres
frcdicores! _ §

Zore of s/r0mg fo@'ﬂy. | 7

Sirorg muscovite refrogress/or. ' .
rterse foling witt pmew riuscovite Schislosity From
2945 - 3007,

wd
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10&.9&&7»&&7 OF MINES AND ENERGY—~SOUTH 227 TRALie DEPTH el e . DRILL HOLE DDH “M ‘.4. ..
CORE DESCR!PT'ON LOGGED BY . - FLINT LOCATION MUTOORoD MINES
DATE  August 1979 = BORE SERIAL N*. . . .. .. ...
DEPTH| GRAPHIC
(m) LOG DESCRIPTION
a4 o~
Fom
P 4 ~os) i
~ o~ Srrong refrogressws ord it @ Superimpased muscovite
SCHIZIOS/ 7y : s

330

F£0

L v boogt e ne b e benr e b b Lo b ol peafg it rr e et b s b s Lt

50

~ TN\ ‘ -
F>m |
L S A |
AN N
~£5n; Poorly developed GrEer5505/7y. 1
Va4 NS . ) T
Good gresss as;zja S7rorg /0/0527; ot 3316m with o biotite
£F>m : ard muscovite axial plane schrsrosily. 7
s I 4
~s ~
e Brotitrc ; cith a Few rhn guortz-feldspor bonds.
P d Y~ 7
L5 Some smal/ massive por’/ons.
ey Possibly partly refrogroded Kyonite porokhyrob/ost or 33627 -
¥ ¥ '
Strong muscovife schisrosily developmerni, Cbumdor? swbbedt
B . : : :
57033 Stwwolire ard Fowrrmraline. Bornds of relict ougerr Gre/ss.
. . Z &0
120/7/79 - 1
~ Sgoelr/nposed SchisIOsIty porole/ Fo greissos/ty.
= .S‘ca_ﬁt’/ea’ Sleurolite and” rburmaline dSwn Fo J‘;//- 72 .
—~ With Fowurma/ne.
L b P
—~ Aburnaon? refrogressive muscovite in o sStrongly okevelopes
Superimposed schistosity. : _
F=
~E A SHEET.7 OF 3%
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JUEFARTMENT UF MINES AKRD ENERGY —SOUTH AUSTRALIA DEPTH .1¥'E oMl DRILL HoLE .DDHMMI4

D.FL
CORE DESCRIPTION éiggsiggg‘.i. {3‘7'? ....... LOCATION MUTOOReo MINES

DEPTH
{m)

GRAPHIC
LOG

DESCRIPTION

-
e f:m

JE60

370

No CORE

Ao CORE

AO CORE

it llllllll,Llllllllllllllijllllllllllllllllllllllllllllllljlllllljjl 11

W
)
Q

f=m

NS N

el b b binag

N

390

# #

[ABERN

f)m

Lan Y A e

v v

IMENNESEENSBEE

€00

~~ f}m
~~ fzm

~~ 7C>m

Y )

Scatered Slouro/ite befweern 350 -3n7 & 3507 .

Biotrtic; good Graeissosity. -

Strongly refrogressed chorotor? mascér/fe.
9 4 A

Srrongly refrogressed, abumdant muscovite.

Rerrograoded [ biorsre) alorite.

//eowl/y refrayresseaf Cbundarnt muscovire.
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JPEPARTMENT OF MINES AND ENERGY~—SOQUTH aUsTrRaLia DEPTH '@ 8 /2™ . DRILL HOoLE .DDHMMIi4

DF
CORE DESCRI PTION ;::(E;E?AE;;‘.{ ‘;;:T ....... LOCATION MUTOORoO MINES

DEPTH| GRAPHIC
tm) LOG DESCRIPTION

I~ Afom~
E .
E ~ f =/
3 Scoffered Jowrmaline berweoer 4024 & L£03-3 pr )
3 Rerrogressiosn Gominant feolure Oe/weer #0+ 4 & 405 57,
B ~f > elsewhsre ruscovire obundant 7
I~ fem~

70— -
el P Jicla’
17 .
‘ENf.—mN * —
; _
v ~ Aoff{y refrogressec/ e ,é/'of/'ﬁ:). -
] Loor grelssosity, i plces exfensively refrogressed -
3 >m :
qd~ ~ Oxiclised Frioble core. 4
1 Fom ‘
T~ ~~ 7
T ~v . . . e
. StHorg grelssosity, Stromng retragressiorn.
. = - .
-E S ~S - N B

4304V Vv _ -

4 v v BloFHE near Jower éo'aﬂa/ary.

A m AT E/éf/f&'f/bﬁ , R
1~7Ff~| - very poor greissosity; verging on gpljte.
1~ ~ variable composition from blotitic fo guarszo-fellgoomhi. .
v ~v Heavily refrogressed, brotityc. o
4 #
h # -
=

44034 ¥V v -
. JHx
= RS 7033« A 20/5/7.9. 4
3 -2
3. v /0 cm Fhrek pPegmatife aor £42-6rm |
: —~ v )
]
E v v T

£50_ SHEET S oF 33
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LEFAETMERT OF MINES ANL ERIRGY - S0UTR AVITRe. 4 DEPTH l1¢&Cem DRILL HOLE 6D;‘T‘;JM
CORE DESCR'PTlON LOGGED By. P FuINT LOCATION MUTOORoc MinES
DATE ,Avgust 1e79 BORE SERIAL N*. .. . ... ..
DEPTH| GRAPHIC
{(m) LOG DESCRIPTION

P
- N v
: ~ v
v v
4 v v
. .
5 ~ v
1. Weakly greissic. amphbibolire.

7603 /n pfaces confeins /Jewcocratic veinng with frormblende /T
3 acrinolire — some as Jension gask “Infilling it
4~ v spiral growrt; across rhe vesrr. Mmor gyrirs- chokooyrire |
] w7 fewcocrat/ic  vesns.
0 v v ]
? —~ v
I VixRsmsz  wmit more fewcocrarfic Jowards fhe presenr bose.
] /62 ’ '
3 y A20/.9/7.9. |
5 i
-~ v
J v v| *

80— , _
: 7 v
dwv v )
E ~~~— \v4

490 « v ]
._:_"\./ v -]
3 i
: W v
3 _
]
-~ v
—_j -
I v

\Soo | L JSHEET/G’OF33
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PAETMENT OF MINES AND ENLRGY —SCUTH L0 ThL, 14

CORE DESCRIPTION

DEPTH DRILL HoLE DDHMMI4

LOCATION MUTOOReD MINES
BORE SERIAL N* . . . .. .. ...

[AEBEEESEENEREN)

530 —
v v
:Nv
1v v
J A~ v
sS40 v v
3
—
A~ v
1 v v
-
-
-
0~ A4
-
.
awv v

7507

)

DEPTH| GRAPHIC
(m) LOG DESCRIPTION
I v v
; —~ v more /fewcocrotic sowords rbe bose. T
v v ]
d~ v |
Awugern gre/ss co/th #-Feld )
. Gre/lssic omphrbolite .
':/O -
3 - :
70 3 Cgr ougen gneiss. Abundant pimk K-Feld porokyroblesss
3_~
] = l
dv~v S7ror1g bLioritre SchisiosiTy ' .
3 '/C>/ Foor auger Qresss, rmore ex/eﬂsx)fe& /efrgre.xsm(
d~ ~ ‘ |
3 Fsm Lxrensive refrogress/os. i
. ~ N/ .
F20] & Fractured and /n plces Srecciofes Sowvoded b 7]
. chlorrite / brofrte corth  rrairmor Pyrrre arnd cﬁak'%//?&.
E # Froboably relfed fo omplrbolie (of obove) -
I~~~ ]

Poor  greissosity. Refrogressive Schistosity denrnant
Feoture. Relit greissosity  folded

8cmr  of orplbibolite at 5294 m

Poorly grerssic onotibolste.
Lewcscras/e Segregarion it quarlr or 230-8rr

Feldlspartzc segregations ar :

Sh) 2~ IE5cnr FLICK
TH2 7 - - /5 - -
C 7% % B - 25 -

LS X3

_|SHEET/ 0F 23




EDEPARTMENT OF MINES AND ENERGY— SOUTH AUSTRALIA

CORE DESCRIPTION 125 oo

................ BORE SERIAL N*. . . .. .. ..,

DEPTH| GRAPHIC

() LoG DESCRIPTION
v v
E N’ v
5 .
E v v rPoerly greissic onphibolite. -
-_‘- 7~~~ v ]

560 .
e I v Feldsoortre Segregarion ar 559-/m (/5cm FAorck ),
5 ~~— L4 79/0'6‘?/ Comlaaj/'f/'o” ap/afa,( 602 Aafﬂb/f”a/e a
E ISk pofagioclose.
E PR |
'E o A ¥4 7

s70- v -
1~ v J
3
~
J +# Corroins 5-10Z bjot/re, naoy be relrfed 7o rhe obore
7 omplribolire. . 7
1 *
1 #

580 — 7
E v v
E ~ v ¢ B
v v ]
'i ~ v =
= V. Brotrtre ond Schisrose rnear lower corntoc? }
A #  H#lx  Minor pyrite and cholopyrite.

790 3 A2020/79 s 4 .
E
. 9 . . :
E ~ OISSeM/ﬂaféa/ rgr pyrire. ]
iv -
E ~~ Vv
v v

oo 3 SHEET/20F 33
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TLELETMENT OF MINDS AND ENTEGY- S0uTH Av3TRALa DEPTH . '1@iE@m DRILL HOLE DOHMMi4

D. FLINT My INE S
CORE DESCRIPTION LOGGEDAE;;JS}.‘.S:IQ. . e+ .... LOCATION . .TO.O.R??. “”‘ 5 -.

DATE .August 1979 BORE SERIAL N° . .
DEPTH| GRAPHIC
{m) LOG DESCRIPTION
Jv v
E R Slght= variations /n Compos/tior. 1
v v .
3
4 ~ v b
:i - v Levcocro’/c ampb/éa//'z‘e (~ 758 plagqroc/ose
v~ c.gr foklsrars, some of whick ore oisrrmctlyy fzrF-shaped
3 lhicreasimg /fath  F cbrar—rhe — Fok Compos/Fon ~ 307
-| vV
6/0 plag, SOk fornkkrae. N
1~ Vv
I—v ~ Prornourced gresssic borndimrg ar /he beose.
4 # H4202//79  Ganded golite, with shin Lioitie bords armd ‘
] alsseminated £gr ogrite. Gramobfesiic sexrwre
q ¢ |*ARo22/9 predomirant. Most probobly refeied so rhe orpkibolsYe. -
d f = Srrong, proroumced S, Schis’os/ly , .
- # Lewcocrar/c Segregar/ors Ccormiasring Some C.g. Lrorsie.
6204 D 6278m (/0cm. 7Hick) -
] 628-5m (/5cr “ ) -
= p— 626.8m (20cm .3 } Cre/ssic 7exrure .
o~ v N
v ~
""]_ -4
.~ v
v ~ |
630 .
4 # — . 4
3 Barnaed aplire. m grwith micaceous /fayers.
J— # —|*a 2023/75 orsseminared ogyrite. (< /7).
. 2ocrr 7Hick plag [foths+b/0717e bond (affered iy
] amplr/bolire) or 63577,
dg — ]
1— #
4~ b crenuioted, 7
40— ™ THrir biofrte - rick bonds |
J £sb Folaed, fracrured and /focally breccrared
F=~—
1 £>4
- SYrong rIlSCoVire relrogress/or et Swyoersmpased mruscovrte
. Schistosity parale! o gresssity. Qoen folds sm gre/ssosity.
1 £>m _
q ~ Y .
1 #F X Fractured’ pegrarsie , K- fekd clorrirrosmr i
== Poorly obveloped cuger gresss. . .
650 Fom | = SUANSLCHe fexfure pronounced mricas define a | shzeT/30733

m
B



CORE DESCRIPTION

DEPTH| GRAPHIC
(m) LOG DESCRIPTION

1 forr Grornoblasiic rexrure pronowmced, rricos defire o GrEISSOS/Tyy.
_: ~ ;"b Céﬂf'ﬂ/ﬂs Seperirpposed rresc. .5'54/;5/‘0.5/}_‘7 77 ploces.
=== Tightty Folded! gooroact irg ssoclinal folds. .
1 fom .
5-——- s Paof(y bono/eo)’/(/- fa/a’ Gl it w/}‘é Sorze very pﬁo/_/y
- atvelopes/ owgerns. - Gper SOl/Fs  with some sectiors /e//o;rc.ssf:a./ 1
1 fom 10cm. Chlorite vesrm of E6/-45m. .

660 — -~~~ N
-
1~ —
1Z Pegriarite guarsz, feldspor & biotire. Pyrire rm brotitc portrons]
- '};m— Poorly borded, gronofe/ske Ffexiure dbminarnt i giz. & feldspars.
17
J—r—7F=4 Grarofelsic; pyrite e pyrekotite streated out s biotste greissosily
e —Fom Grarofelsic, poor borcing, m/nor relrogression.

~ 5 M~ -
q
, A<=
&7 : Cugerr Qrre/ss. Forred biotite grerss band betweers =
fom

. &E70-C & E70-25m7. ;
1 - 4
j—~ Grood Composirronal bonaing When biofstic, grerss /s 7
1 f=4 crenulated Fyrriosite aggregares fo 2cm “across ord
1 ~ cubes ro 3Frmim of goprox. €79 977 .
I¥F % K- feld rich. :
0~ ~ n
i~ —|:

&80 )( > |
1. - Sirong musc. refrogress/osn ord Syoerirposed rmusc Schis/osiy.
3 Somé rhrr (Several/ cm) K-feld rich pegmatite vesns ]
11— ~ Loor bardr.
3 Radjarirng zEolifes on fracture of 688-0r77.
1~ 7 o
1 fom
q - ~ 4
E P S

690 X Fractured K- Feld rick pe;;ma//'fe. a
5 —_——~ -
Z >m .
- ,_i — Broad] poor compositiornal bordirg.
. Muscopyrre /e//oyreSS/bﬂ JOErvas/ire, 76w mvscovire .SC'/?/.'ﬂ‘a;/y
4 =~ developed.
o~ ~ -
E f > m
E N -~

| o0 4 ~ ™~
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PUEARTMENT OF MINES ANU ENLRGY — SCUTK AuSTracia DEPTH JeEem . DRILL HOLE DDH MM '."".

D FL U
CORE DESCRKPTION LOGGEDAE;;S.*.':E’_‘.’:T. ... ... LOCATION MUTOORoO MINES

DATE . Auvgust 121 . BORE SERIAL N*. . . .. .. ..

DEPTH| GRAPHIC
{m) LOG DESCRIPTION

NN TN

~ o~ Broad, poor cormpositiorna/ éandhg-

MusScov/Te refrogress/ion pervos/ve, rew nruscovire schisros 7y
~ — clveloped.

L5 m Quar’z & fa/a(s/aafs detine o yraﬂa/é/s/c sexsure.

pink-red K-feld pegmarite of 7013 m [20cnr #4ick).
770

Lev s laag lllll]llllllllJ[Jl[lllllllllllllllJJJlll

f>m As above.

- ha

720

'e
|

730

unlunlnnlnnlnn

Flattened ougern gresss.
— No compositiona/ éaﬂa’/ﬂy. ' .

oyt gfraagl

o bt b bya st
1

belweerr 738 6 743m fph [ of feldspors Jfeods So
murtuo/ /'f??p/}yemeﬂf & Jack of ougerns.

740

.

_ISHEET/50F 52

i
i
|




DEPARTMENT OF MINES AND ENERGY~SOUTHM AUSTRALIA

CORE DESCRIPTION

..............

DRILL HOLE
LOCATION MUTOORoO MINES

BORE SERIAL N*. . . .. .. ...

DDH MM 14

DEPTH
{m)

GRAPHIC
LoG

DESCRIPTION

760

770

~
N

Lo tonaedenaadosaabisertonaa bt ot asboasstnnna bt taoa s s bosnatonaataaaataess

790

st teaa et s ting

goo

)

@z

AN

Fratered auger gresss.
No compositiornal bandlng.

Rear’iz yve/rs .
s15cry Phick aF 75/ 8077
/5 - - - 753 O r7.

Pegmatite (K-fekd rich) :
25 crr af 75395 m.

Some rmimor (<10 cm) biokife schisr bomds,

. orne s5cm FHAEk of 7970 7.

-
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f>m
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|PEPARTMENT OF MINES AND ENERGY ~SOUTH ausiRaLia DEPTH . fe®=Sm DRILL HOLE . RDRMMis =
CORE DESCRIP-”ON LOGGED By  D-FLINT LOCATION MUTQORoo MINES
DATE .August 1979 BORE SERIAL N* . . . .
DEPTH| GRAPHIC
(m) LOG DESCRIPTION
~ o~
A ]
Flokerned augern gresss.
f>m smirror brotite schist bards. .
P Zeolite (rodioting oggregates) /i vern and on joimr surface
= - alt 806 -95m. 4 4 4 4
_
A i
8/0 s AN _
V o~ v scartered phrg. phemocrysrs sm Fop /.
~ v Corfmins C.9r roldspor & biot/te /i Jigrgyaf/b/zs wrth
v o~ (As00rS LD SO 2Cr7 Ocross. Giotsr= - FIck SCGrEGIrIONS COrrizs
a greissic fabric. and disserminated £gr. oyrite. )
o~V ) .
Vo~V Lineated and chloritrc, nzimor omfomosx)y GuerrT verss. 7
PN N~ .
N 1 . . . - T
b>f BroVIFe 11t with orastomos/ng guartz-feldspor bards
620 . . porafel /o rhe gre/ssosily. Bonds ore ke P72 7/ 7/ ]
N Segregations and comrair”oyrte with riror Chakopyrite.

AL
= %) a8 A({ye”

¥R590  flattened inn the gneissos/ty.

| . 25.9/
* 92

STrOrG Grerssosity and /rnealtron; fHormblende - rick .

. Minor scattered oqrs

73

79/;5»/.'5.5 @aarfz-fe/aé/oar ougens wo SO Bcrz /a/;; ornd
Fcrm 7g. {y

A, - Augens offen

% R.5.94

—% K5 .95

L% R.5.96

Adgerns disappear fowards rhe Retrogradt Sheor Zome.

Srrong suoerimposed rruscovite - sericite 50/7/305/;“;.

\ ™
N

 B50

*PI920/78 poor 9ne/3505/}:‘9 /7 Jeucocratie Gr7e/SS.

~* R5.93 T

-

~ ——fub

A2024/79 5 0er7rrposed Schisros Yy oreséns

(X

o
2

b d g by e baaaatig

[enzeT/7 0538
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[LEPASTMENT OF MINES AND ENERGY—SOUTH AUSTRA_IA DEPTH 18 9m DRILL HOLE “M 14

R e DRILLHOLE  AMIE
CORE DESCR!PT!ON ;i:gEDAE;Qs}' IR LOCATION MUTOoRo0 M'NES .. ..

DEPTH| GRAPHIC
{m} LOG DESCRIPTION

ity

| Broad compos/tional bondirmg with a sgyoerirmpaosed
~ o~ Cross - cutting schisrosity.

!

l

>

o |
)

'

peformed (Fflotened) augen gresss i’ @ cross-curting

oee brotite sthisr band ( probobly rerrogroded olorste) -

0K
=\ 0] 2

o~ On/y aifferernce so cbove ougesn G77esss /s Sexluvre ——

Foor (&, fack of ocugen/feldspar b/osresss.

=

:
2 2

+ + + 4+

870

{
{

Occosional forge guartz-feldspar agregrates with brown -
Furbid ohels Feldspars.

-
v
3

ake
|

-

i leatptee o by teinad it llLLlLlllllLJllllLJlllll

Lirneores GP7eISS/C 0/77,0/7/50//%@ ; r7o /ayer/'/y

830 3 -
1 F=r
1~ ~ Cormlosms refrograde rmwvscovsre. .
]
— f__
. 4
1~ ~ Srall garnels /7 greiss gyo fo Jcrm away From 75e schist-
j_____/ rne/ss  comrnrac’ 1
=5k Muscovirte _'fo/n./y @berrclearrt
~ A~ —~
1 Ff=m il
: ~~ —~
890 ]
: ~~s Vo
v ~v Lineated curth aligred hornblende. i
3 Hornblernde ~ 657, plogroclose < 357,
de v~ 2
: v sV )
': ~ A -
Jv —~ Grerssic ompliibolite /s miroceows rear /ower comtoct
17— ¥ ™ Aburdon? nruscovite cos; ; =4 ;
i v 7 =
200 IR | SThistos/fy; freovily reirasiadaey RO usconie [t 505 53
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DEPARTMENT OF MINES AND ENERGY—SOUTH AUSTRALIA

CORE DESCRIPTION

DRILL HOLE .DOHMMI4
LOCATION MUTOORoo MINES
BORE SERIAL N*. .. .. .....

DEP .
E‘MIH GRL‘:,PGH'C DESCRIPTION
: FNr IS
4 m Abundan?t muscovite cwith o superimpased rruscovsre ]
I~ ~ Schistosily . feovily refrogressed!
1 - ~
3 N
4 m .
~
jN ~
I Bronze cotoured biotite, bort algred iz schis/osity o .
ol randomly orienfed
o R
90 ':",::'7\-;‘ m
A
qd~ ~ {2025/ 79 . . . 4
. Scatlered but oburdrnt pgrite-pyrrfotite, with orne Serm
1 Fem FHICk blorire - pyrite- pyrriolite  bond of 9/4-6 m.
~ °
-j .
. =m
-E N NS -1
1 F>m . _ :
I=—=3 crenularions. J
'920 ’; =m -
]~ ~ variabl compos/?iorn it sorme biotite schist Lok Fo
- /s5Crz IHICK. -
q =m .
-~
= N N -
1 £
~ g . . . y
=== Abeirrdar? pondbyroblastic biotire i The schist omd garrers
A ferm CrThn e gre/sses gplfo 2crr from ke comtfocs
- srrreriogered sckhisrs ord gressses. 7
» F¥000 e T
9304 7| T _
i Fom
-~~~ ~v b ]
—‘
3 fo>m )
3
i~ — Occossona/ prnk K-feldspar b/osfes/s ]
3 £ m M irror /eucacra/{'c SeQreqgos/ons. :
] Rerragress/orn evidernsr cith muscovrle oburndtrr/:
q~ ~ 7
1~ —
1 Hom
i -1
: N NS
3 Fom - £ 923/76 |
] A 2027/79
o N
950 SHEET 490F 33
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1 -7 2N iMENT OF MINES AND ENERGY —SOUTH AUSTRALIA

CORE DESCRIPTION

L N o

..............

Lgo

990

DEPTH| GRAPHIC

(m) LOG DESCRIPTION
- N ~
3 fom
1~ — Occasiona/ prnk ¥-feldsoar b/os7esss. Minor /ewcocraltsc
4 Fom SCGregar/ons. Kerrogress/orn evidernr cuth rruscovide oburdbar ]
I~ — Vein “fracturing @t 958 47
3 Fom )
]

O~~~ —

S -
i_f well-layered gpeisses consisting of bards offerm only /crm thick
4= whilch” range”in composirion  Fror guorszo-feldspdthic fo -
1 7 brotire.
o ~— Abundar? K-feldsoor bbsres/s, i
1 5
-~ — . .
3 "; ~ Rerrogressive muscovife. 20crm rhick brotire schisy bord
= =m of 986-9m with pyrite ard chotooyrsre. N
-~ ~s .

970 7 Conrains cwearbered pyrife. i

N NS

poadrgnadev b trre bt tea et bl aa b s bea g tsriatiaay

ké\
Q
il

Rore oK K- feldspor blos7es/s. .
Abundlart refrogressive muscovrte afigmed sz Suyper/rposed
Cross-cwt?/ng Schis/os/ly; Sorme rormas exfens/vely rerrogressarl-

SOcrm rHrck GLrotrte schisr barnd af 998.-5 7 -
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[OEPARTMENT OF MINES AND ENERGY— SOUTH AUSTRALIA

CORE DESCRIPTION

DEPTH| GRAPHIC
(m) LOG DESCRIPTION
1~ ~ Brotite SOH/ISF bond (20cr7) ar 1002.3m
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APPENDIX B

PETROGRAPHIC REPORTS -
DIAMOND DRILL HOLE MM14

Report GS 4087/78 by Sylvia Whitehead (Amdel)
Report GS 3879/79 by Sylvia Whitehead (Amdel)
GS 1/1/140 Progress Report No. 18 by Frank Radke (Amdel)
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COMMENTS

Pegmatitic segregation.

Biotitic gneiss.
Retrograded staurolite
gneiss,
t "

Meta-dolerite.
"

f>m gneiss.
Aplite. ,
Pyritic albitite ?
Pegmatite.
Augen Gneiss.

1 "

1" "
it 13

Leucocratic gneiss.
Augen Gneiss.

" 1"

1" 1"

'i' 1
Retrograded gneiss.
Quartz-epidote metasomat-

ite.

Retrograded gneiss.
Banded gneiss.
f>m gneiss.
f>m gneiss.
Amphibolite.

"

Meta-dolerite.
Chloritic mylonite.
1" "

" 14}

Chloritic mylonite.
Pegmatite.

Schistose amphibolite.
Pegmatite.

Schistose amphibolite.
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Sample and

TS No.

P9zo0 /78"
TS40280
PS26708

Pizl /18
TS40281
PS26709

P?zg/vsf
TS40282
PS26710

P923/18 -*
TS40283
PS26711

Pz 4 /78 -
TS40284
PS26712

PI25/18
TS40285
PS26713

SUMMARY OF SPECIMENS

.

Quartz-mica schist containing minor pyrite and a
minute trace of chalcopyrite.

Metasomatically altered rock extensively replaced by
epidote, soda~amphibole, pyrite, magnetite and calcite.
There is a trace of chalcopyrite.

A band containing quartz and plagioclase may be a

" remnant of unaltered or partly altered metamorphic rock.

Quartz-mica schist containing minor pyrite and a trace
of chalcopyrite. Some biotite has been replaced by
chlorite and K~feldspar and there is a vein of K-feldspar.

Quartz-feldspar (plagioclase)-mica schist derived from a
layered sediment. The presence of ilmenite, apparently
of metamorphic origin suggeststhat there could have been
an earlier episode of higher grade metamorphism but this
should be treated with caution.

Amphibolite. There is no conclusive evidence of origin
but a basic igneous rock is most likely. It is cut by
a carbonate vein containing traces of chalcopyrite and

_secondary hematite.

Foliated amphibolite br hornblende schist containing traces
of chalcopyrite and pyrite.



DESCRIPTION OF METAMORPHIC ROCKS AND SﬁLPHIDES
FROM DDH MM14B MUTOOROO

Sample: P920] 7872 TS40280; PS26708

Hand Specimen: )
A pale, slightly greenish grey, micaceous schist containing a few scattered
grains of yellow sulphide.

Thin and Polished Section:
A visual estimate of the minerals is as follows:

. %
Muscovite 50-65
Quartz 30-35
Biotite (partly chloritized) 3- 5
Potash feldspar 2- 3
Plagioclase . trace
Tourmaline trace
Pyrite trace~1 i
Zircon trace
- Chalcopyrite minute trace

The schist is composed mainly of intergrown muscovite and quartz with a
common grain size of about 0.5 to 1 mm and a large proportion of the
muscovite is subparallel to the schistosity as noted in the hand specimen.
Quartz and muscovite are not uniformly distributed and, when the thin
section is examined under very low magnification thin layers and lenticles
composed predominantly of quartz can be seen. These are generally less
than 1 mm thick and, although not very well defined they appear to be sub-
parallel and at a very low angle to the direction of schistosity. There
is also a slight suggestion of small crenulations in the schistosity but
this is very poorly developed. Some thin bands in the schist are composed
largely of muscovite intergrown with minor biotite.

A few crystals -of bluish-green tourmaline up to about 0.8 mm in size are
scattered through the rock and some tourmaline which occurs in an interstice
with an extension along the grain boundary shows patchy coloration, There
are a few small (less than 0.1 mm) zircon grains which appear well rounded
and there is one elongate mass of apatite.

In the sample submitted there is no recognizable evidence of retrograde
metamorphism and no sericite which could have replaced earlier metamorphic
minerals was found in the section. There is no evidence to suggest that

the muscovite has replaced earlier minerals. The only unusual feature

in this rock is that potash feldspar has replaced some chloritized biotite.

The feldspar (identified by low refractive index and staining of the hand
specimen) has penetrated and grown out from cleavage planes in the chloritized
biotite and also in a few flakes of muscovite and where it has replaced biotite
it contains thin wisps of extremely fine-grained titaniferous material derived
from the biotite. This is not necessarily an indication of retrograde meta-
morphism but more likely is due to some hydrothermal or metasomatic alteration.

Pyrite occurs as anhedral to subhedral crystals 0.4 to 1 mm long scattered
through parts of the rock and some of these are elongated in the direction

of schistosity. The pyrite occurs mainly in interstices between quartz

and mica flakes. Two of the pyrite crystals in the polished section contain



a very minute inclusion of chalcopyrite and one smaller pyrite crystal
contains a slightly larger chalcopyrite inclusion about 0.05 mm long.
No other sulphide was found in the section.

Conclusion: .
Quartz-mica schist containing minor pyrite and a minute trace of
chalcopyrite.



Sample: P9Z1/78; TS40281; PS26709

Hand Specimen:
A grey and dull green rock with irregularly-shaped and vein-like patches
of sulphide. This is described in the application form as 'mineralized
zone'.

Thin and Polished Section:
A visual estimate of the constituents is as follows:

Z

Epidote 30-40

"Quartz ! 30-40
Sodium~bearing amphibole 5-10
Pyrite 5-10
Magnetite 3-5
Calcite 2- 3
Plagioclase . 2- 3 (local)
- Sphene trace )
Goethite : trace :
Chalcopyrite very minute trace

This is a metasomatically altered rock much of which is now composed of
medium-grained epidote intergrown with quartz and there are aggregates
of a prismatic amphibole with pleochroism varying from straw yellow to
green and lavender blue. Separate portions of this amphibole temporarily
mounted in oilswere found to have a refractive index of about 1.7 which
suggests that it may be arfvedsonite, In one area concentrations of
the amphibole along subparallel bands suggests the possibility of relict
banding or layering but elsewhere it occurs in veins. One band in the
rock about 6 mm thick contains a higher proportion of quartz intergrown
with very turbid and partly altered plagioclase and less epidote than -
in other zones in the rock.

There is one very irregular vein containing calcite, magnetite and pyrite’
with some aggregates of amphibole and this is bordered by epidote. In
other zones of the rock there are also vein-like aggregates of magnetite

and pyrite. In general the magnetite and pyrite are closely intergrown

and generally have a common grain size of about 0.5 to 2 mm but there are

a few smaller crystals of pyrite. Some of the larger pyrite crystals
enclose non-opaque mineral grains and some of the pyrite occurs in interstices
between magnetite crystals. Chalcopyrite occurs mainly as small grains
about 0.1 mm in size intergrown with the magnetite and pyrite and some is
completely surrounded by magnetite. One very small chalcopyrite grain was
found intergrown with, or included in, a non-opaque mineral possibly calcite
and one very small inclusion was found in pyrite.

Conclusion: _
This is a metasomatically altered rock now extensively replaced by epidote
but it is possible that the zone containing intergrown quartz and plagioclase
represents an unaltered or only partly altered remnant of the former meta-
morphic rock. Pyrite, magnetite and a minor trace of chalcopyrite are
associated with introduced or migratory calcite in the mineralized zone.



Sample: P922./7® ; TS40282; PS26710

Hand Specimen:
A grey, medium-grained, micaceous schist containing a trace of sulphide.
Staining tests show very minor potash feldspar and plagioclase with some
potash feldspar along a small vein.

Thin and Polished Sections:
A visual estimate of the constituents is as follows:

b4

Quartz , 45-50
‘Muscovite 35-40
Partly chloritized biotite 5~10
Plagioclase 3~5
Potash feldspar 2- 3
Pyrite trace~1
Ilmenite .. trace
Leucoxene trace
Chalcopyrite minute tracé
Zircon trace

This schist is very similar to sample P320/78. in that. it contains

abundant muscovite-and quartz with the schistosity defined by subparallel
orientation of most of the muscovite. Biotite, intergrown with the
muscovite, has been partly chloritized particularly along some zones.

There is some poorly defined banding or layering in that some bands about

1 mm thick contain high concentrations of mica and these alternate with

bands of similar thickness containing high concentrations of quartz intergrown
with less mica and some plagioclase. There is also a broader band or zone

at least 8 mm thick which contains over 60% of quartz intergrown with streaks
and aggregates of muscovite and chloritized biotite. This sample is also
similar to sample P929/78 in that potash feldspar has invaded and partly
replaced some chloritized biotite spreading out from cleavage planes and

this potash feldspar now contains wisps and streaks of leucoxene derived

from the replaced biotite. There is a small, cross-cutting vein 0.5 to

1 mm thick composed mainly of potash feldspar crystals (confirmed by

-staining the hand specimen) and lined with small flakes and aggregates of
chlorite. A few very small, rounded zircon grains are scattered sporadically
throughout the rock.

No definite evidence of retrograde metamorphism could be found in the thin
section but there are a few aggregates of muscovite which could have replaced’
earlier metamorphic minerals although if so, all remnants and relict textures
of the earlier mineral have been completely obliterated. Chloritization of
the biotite and crystallization of the potash feldspar appear to have been
the result more of hydrothermal or metasomatic alteration than of retrograde
metamorphism,

A few crystals and crystalline aggregates of pyrite generally less than 0.5 mm
long are scattered through the rock occurring mainly in interstices and there
are very few crystals of chalcopyrite less than 0.05 mm in size, some inter-
grown with pyrite. Ilmenite occurs mainly as separate,elongate crystals

and aggregates which vary in size from less than 0.1 mm to about 0.5 mm long.
The texture of this ilmenite strongly suggests that it is of metamorphic
origin and its presence therefore suggests that,at one time this rock was
subjected to a moderately high grade of metamorphism as ilmenite generally



.

does not crystallize in low or even medium grade metamorphic rocks. -
Therefore this could be interpreted as suggesting an earlier high

‘grade metamorphism was followed by a later episode of lower grade metamorphism
but caution is needed.

Conclusion: :
Quartz-mica schist containing minor pyrite and a trace of chalcopyrite.
No definite textural evidence or remnant minerals were found to definitely
indicate retrogressive metamorphism but the presence of ilmenite suggests
the possibility of an earlier episode of higher grade metamorphism.

There has been some metasomatic or hydrothermal alteration resulting in

replacement of biotite by chlorite and potash feldspar and also the formation
of a vein of potash feldspar.



Sample: P9273/78; TS40283; PS26711

i

Hand Specimen:

Thin

A medium-grained rock with predominantly straight and parallel banding

on a scale of 1 to 5 mm defimed by variations in colour mainly pale and
darker grey and browm.

and Polished Sections:
A visual estimate of the minerals is as follows:

Z
Plagioclase 40-45
Muscovite ’ 30-35
Quartz 10-15
Biotite 5-10
Ilmenite trace~1
Zircon trace
Rutile _ trace
Allanite? minute trace
Pyrite minute trace :
Apatite trace ‘

This consists mainly of intergrown plagioclase, quartz and muscovite

and the quartz and plagioclase have a common grain size of 0.2 to 0.4 mm
and mica flakes are about 0.3 to 1 mm long. There are however a few
larger plagioclase crystals up to 1.5 mm long which show slight evidence
of deformation. The layers noted in the hand specimen contain varying
proportions of the constituent minerals and in general layers about 1 mm
thick composed predominantly of mica alternate with thick layers composed
mainly of plagioclase, minor quartz and minor muscovite. There is a
definite schistosity defined by subparallel orientation of much of the
muscovite and this is at a high angle to the direction of banding.

The most abundant accessory mineral is ilmenite which occurs-as anhedral

and elongate crystals 0.1 to about 0.4 mm long occurring mainly in interstices
and this ilmenite does not show any evidence of alteration. There are a

few very small, apparently rounded zircon grains and there are two crystals

0.1 to 0.2 mm in size of a brownish, pleochroic mineral which is probably
allanite but positive identification would require more detailed investigation.

Conclusion:

Quartz-feldspar-mica schist derived from a léyered, probably pelitic sediment.
It has probably been subjected to more than one episode of metamorphism and, .
as in sample P?22 /78, the presence of ilmenite of apparently metamorpic origin
is at least some suggestion that there could have been an earlier episode of

high grade metamorphism, however, this interpretation should be treated with
caution. .



Sample: P924/78, TS40384; PS26712

Hand Specimen:
A medium-grained, green rock composed of intergrown light-and dark-coloured
minerals: It is cut by a vein about 3 mm thick which is predominantly
almost white carbonate but locally there is an inner zone of brownish

carbonate, This vein contains some very small, almost spherical dark
coloured grains.

Thin and Polished Sections:
A visual estimate of the minerals is as follows:

%

Hornblende 60-70

Extensively altered

plagioclase 30-35

Quartz 2- 3

Epidote 1- 2

Potash feldspar " trace

Chlorite o trace .
Calcite vein ) trace : )
Chalcopyrite (in vein) trace
Pyrite trace
Hematite trace

The rock contains a large proportion of hornblende crystals about 0.5 to
2 mm in size which are intergrown with apparently random orientation and
many aggregates of hornblende crystals contain small grains of quartz
0.05 to 0.4 mm in size, some of which are included within hornblende
crystals. The hornblende is intergrown with crystals of altered and
sericitized plagioclase, many of which are between 0.5 and 1 mm in size
and most of these are approximately equidimensional or only slightly
elongate. They do not generally resemble the elongate or tabular
plagioclase crystals commonly found in basic igneous rocks but the texture
could well have been modified by metamorphism. These have been replaced
commonly by sericite and secondary feldspar with traces of chlorite and
epidote with more abundant epidote in some zones.

Only portion'of a small vein is included in the thin section and this is
all of calcite.

The polished section includes the larger carbonate vein and this has a
trace of chalcopyrite as small crystals and aggregates in interstices
between some carbonate crystals. The vein also contains some spherulitic
aggregates or rosettes of hematite about 0.1 to 0.2 mm in diameter but there
is no definite evidence to suggest the identity of the mineral which could
have been replaced by this hematite. One grain of pyrite was found in the
body of the rock and there is some very fine-grained, titaniferous material
in some of the amphibole.

Conclusion:
This is an amphibolite in which there is no conclusive evidence of origin
but a basic igneous rock is more likely than a calcareous sediment. It is
cut by a carbonate vein containing a trace of chalcopyrite and a trace of
secondary hematite.



Sample: P92s5/783 TS40285; PS26713

Hand Specimen:

Thin

A medium-grained rock composed of intergrown dark green and white
minerals with a weak schistosity or foliation.

and Polished Sections: .
A visual estimate of the minerals-is as follows:

Z

Hornblende . 60-70
Partly altered

plagioclase 25-30
Quartz 3-5
Ilmenite and sphene 1- 2
Epidote trace
Chalcopyrite trace-1
Pyrite trace
Calcite : ' trace

This is similar to sample P24 /78 in that it is composed largely of
intergrown hornblende crystals 0.5 to 1.5 mm long but it differs from
P924 /78 in that many of these hornblende crystals are subparallel
imparting a definite schistosity or foliation to the rock, Aggregates
of hornblende contain smaller crystals of quartz and in some zones,
quartz occurs in higher concentration than in P92%/78 and strings or
aggregates of small quartz grains are also parallel to the direction of
schistosity but they do not form continuous bands. Turbid, partly
sericitized plagioclase crystals are commonly 0.5 to 1 mm in size with
some aggregates up to 3 mm in size and, in places, these are intergrown
with,or adjacent to some aggregates of much clearer, recrystallized or
secondary plagioclase. There is only a trace of epidote in some of
the turbid, altered plagioclase. B ..
Elongate crystals and aggregates of ilmenite up to 2 mm long are almost
invariably surrounded by zones of fine-grained sphene. These crystals
and aggregates are also parallel to the foliation.

The rock contains some finely disseminated chalcopyrite which occurs
mainly as groups as very small to minute crystals, some of them only a

few microns in size, but there are a few larger, anhedral crystals up to
0.3 mm in size. These are scattered sporadically throughout the rock
and it is uncertain whether or not they are associated with any particular
non-opaque mineral. = 1In the thin section a group of very small, opaque
grains showing a similar distribution to that of chalcopyrite is included
in some epidote which has partly replaced both altered plagioclase and
some hornblende. The rock also contains a few crystals of pyrite 0.1 to
0.3 mm in size but this is subordinate to chalcopyrite.

Conclusion:

Foliated or schistose amphibolite similar to,and very probably related to
sample P924/78 . It contains some disseminated chalcopyrite and pyrite.
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DESCRIPTION OF SCHISTS AND DEFORMED
AMPHIBOLITES FROM DDH 14 MUTOOROO

1. SUMMARY OF SPECIMENS

Sample, Section
No's and depth

7033 RS159; TSC23008;
248.2 m

7033 RS160; TSC23009
338.85 m

7033 RS161; TSC23010
441.4 m

7033 RS162-163; TSC23011-12
472.4m; 1408.99 m

7033 RS1645 TSC23013;
PSD5402;
1490.20 m

7033 RS165; TSC23014
1490.30 m

7033 RS166; TSC23015
1490,40 m

7033 RS167; TSC23016;
PSD5403
1490.85 m

7033 RS168; TSC23017;
PSD5404
1535.60 m

7033 RS169; - TSC23018
1601,55 m

Description

Quartz-plagioclase-mica~staurolite gneiss

Quartz-plagioclase-mica-staurolite gneiss
similar to RS159 '

Basic granulite. It has a metamorphic texture
and is composed of plagioclase, clinopyroxene,
minor orthopyroxene and hornblende. Probably
derived from basic igneous rock.

Basic granulite similar to RS161 except that there
is a very weak or incipient foljation due to some
parallel, elongate aggregates of pyroxene and
lesser hornblende. Sample RS163 has a higher
concentration of secondary, pale green amphibole.

Deformed and probably metasomatically altered
rock in which there is no recognisable evidence
of origin. It is now mainly sericite/muscovite,
quartz, K-feldspar and chlorite, with local
concentrations of magnetite, hematite and pyrite.

Metasomatically altered amphibolite, now composed
of chlorite, secondary K-feldspar, calcite and
secondary quartz, There is minor iron oxide and
a trace of pyrite.

Deformed and metasomatically altered rock similar

to RS164 except that in one zone there are traces
of relict textures probably inherited from
amphibolite., It is composed of secondary muscovite,
quartz, chlorite and calcite with less K-feldspar
than samples RS164 and 165,

Biotite schist containing subordinate K-feldspar

and quartz. Chlorite has replaced some biotite and -
textural evidence suggests that K-feldspar has

also invaded and replaced some biotite. There is
slightly anomalous apatite and minor pyrite. -

Schistose amphibolite very probably derived from
basic igneous rock (dolerite?). It is composed of
hornblende, plagioclase and biotite and minor
Fe-Ti oxide.

Schistose amphibolite., It differs from RS168 in
that it does not have biotite and there are a few
altered plagioclase phenocrysts which have been

‘replaced by sericite and traces of epidote.
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2. PETROGRAPHY AND MINERAGRAPHY

Sample: 7033 RS159; TSC23008

Depth: 248.2 m

Hand Specimen:
A medium-grained, grey to almost white rock with a strong foliation and
some evidence of compositional banding. It tends to split along some
planes parallel to the foliation revealing lustrous, micaceous surfaces.

Staining with cobaltinitrite did not show any potash feldspar and'staining.
with rhodizonate showed moderate plagioclase.
Thin Section:

A visual estimate of the minerals is as follows:

3

Quartz 30-35

Plagioclase 25-30 :
Muscovite 15-20 -
Biotite 10-15

Staurolite 10-15

Opaque oxide and leucoxene Trace

Sillimanite Trace

Zircon . Minute Trace
Sulphide Very Minute Trace

Much of the baeKground of this rock is composed of intergrown quartz

and plagioclase crystals, many of which are between about 0.4 and 0.8 mm,
and, as shown by staining the hand specimen, the proportions of plagioclase
to quartz vary in poorly defined bands about 3-5 mm thick. Most of the
plagioclase shows no evidence of twinning and in the few crystals in

which twinning is visible the extinction angle of twin planes,and also

the fact that the refractive index of
than that of quartz, suggests that it
andesine (near Anzs-so). The quartz
generally straight to slightly curved
is rather uneven due to the variation

the plagioclase is slightly higher
is' probably oligoclase near

and feldspar are intergrown with
grain boundaries, but the texture
in grain size.

Flakes of biotite about 0.2 to 1.5 mm long are scattered throughout much
of the rock and most of these are subparallel to the foliation but there
are a few small biotite flakes orientated in other directions, particularly

where they occur along grain boundaries.

Muscovite is not as uniformly

distributed as biotite and it tends to occur concentrated in elongate
streaks and thin bands which do not appear to be continuous, at least

in the area sectioned.

The muscovite shows preferred orientation but

the thin bands and streaks show a wavy or slightly crennulated pattern

and therefore the muscovite flakes are not all parallel.

Although there

are some lenticular and elongate aggregates of muscovite, no very
definite evidence could be found to suggest that this had replaced an
earlier metamorphic mineral, but the possibility cannot be excluded and
in one of these aggregates of muscovite there are a few small patches
of fibrous sillimanite, suggesting the possibility of a more complex

history.

Stuarolite crystals about 0.5 to 3 mm

long are unevenly distributed in

the area sectioned and are concentrated mainly along two bands about



2 and 6 mm thick., The staurolite occurs as isolated crystals and as
aggregates and, in general, the crystals have apparently random
orientation. They contain small inclusions of quartz and possibly
feldspar, and some have been fractured but the time of this fracturing
is uncertain.

Small grains of opaque oxide and leucoxene about 0.05 to 0.2 mm in size
are scattered throughout parts of the rock and the elongate grains are
subparallel to the foliation. A few of these are included within
stuarolite. There is a trace of goethite, possibly replacing sulphide,
in the thin section and, when the specimen is examined in refractive
light, one grain of yellowish sulphide can be seen. ‘

Conclusion:

Quartz—p1agioclase—mica—staurolite gneiss, probably derived from a
siltstone or mudstone.

At



Sample: 7033 RS160; TSC23009

Depth: 338.85 m

Hand Specimen:
A medium-grained, pale grey to almost white, foliated rock very similar
in general appearance to sample 7033 RS159,

Staining with cobaltinitrire shows no potash feldspar and staining with

rhodizonate shows only relatively minor plagioclase,

Thin Section:
A visual estimate of the constituents is as follows:

‘ %
Quartz 50-55
Muscovite 15-20
Biotite 10-15
Plagioclase . 5-10
Staurolite 5-10
Chlorite Trace :
Opaque oxides and leucoxene Trace
Sillimanite Trace
Zircon Trace
Apatite Minute Trace

This is essentially very similar to sample 7033 RS159, and a full
description would involve needless repetition. It differs from that
sample mainly in that it contains a lower proportion of plagioclase and
correspondingly more quartz, but this is probably a feature of the
banding. Special features are as follows.

Thin bands (1-3 mm thick) composed predominantly of muscovite are rather
more conspicuous’ than in sample RS159 and also appear to be more
continuous with less evidence of deformation or crennulation. Some
biotite is intergrown with this muscovite and these bands curve around
some of the larger crystals of staurolite, No textural evidence was

found suggesting that this muscovite may have replaced an earlier

mineral but in one area where some muscovite is in contact with staurolite
there is a small patch (1 mm) containing some very fine, fibrous,
sillimanite now included mainly in quartz intergrown with some plagioclase.
There are a few other very minor traces of sillimanite associated with,

or included within, some muscovite.

In one area there is an aggregate of chlorite flakes which have
pseudomorphously replaced an earlier crystal about 1.5 mm in size, and
this is associated mainly with biotite and some quartz. It is possible
that the chlorite replaced garnet but there is insufficient of the
crystal shape to enable identification of the earlier mineral,

Staurolite crystals are similar to those in sample 7033 RS159 and they
contain inclusions of quartz and some of opaque oxide.

Accessory minerals are similar to those in the previous sample and are
mainly elongate crystals of opaque iron-titanium oxide, a few small apatite
crystals and a few very small, generally rounded, zircon grains.

Conclusion:
Quartz-plagioclase-mica-staurolite gneiss similar to sample 7033 RS159.



Sample: 7033 RS161; TSC23010

Depth: 441.4 m

Hand Specimen: )
A medium-grained, slightly greenish-grey rock with a rather granular
texture. Staining tests shows abundant plagioclase but no potash
feldspar.

£y

Thin Section:
A visual estimate of the constituents is as follows:

z
Plagioclase - 55-60
Clinopyroxene 25-30
Orthopyroxene 2-3
Hornblende 5-10
Opaque oxide Trace
Apatite . Minute Trace

The rock now has a granoblastic texture and is composed of generally
equidimensional plagioclase crystals 0.5 to 1 mm in size intergrown

with pale-coloured clinopyroxene of generally similar size and a few
crystals of orthopyroxene, some of which are upto 2 mm long. Brownish
hornblende is also intergrown with the plagioclase and pyroxene and

it tends to occur in interstices. In general it is slightly finer-grained
than the plagioclase and pyroxene, but there are a few hornblende

crystals about 1 mm in size, Most of the grain boundaries are smooth

to curved and, in the plane of the section, there is no evidence of a
foliation.

Many of the plagioclase crystals show twinning and the extinction

angle in the symmetrical zone suggests a composition of labradorite.

The twin planes are not deformed and the general appearance of the
plagioclase crystals is similar to plagioclase of metamorphic origin,
Although the plagioclase and darker minerals are not uniformly distributed,
no definite evidence of relict textures could be found.

The brownish hornblende is closely intergrown with clinopyroxene gnd there
is no definite evidence of replacement between these minerals; however,
most of the orthopyroxene crystals are surrounded by a very thin film

of pale green amphibole which is clearly a result of alteration and
replacement of the orthopyroxene at a late stage in the history of this
rock. ;

There are a few opaque oxide grains about 0.05 to 0.2 mm in size occurring
in interstices and also included within a few pyroxene crystals.
A few small apatite crystals occur in interstices and in plagioclase,

Conclusion:
The general texture is that of a metamorphic rock and similar to that
of granulite. The mineral composition and also the general massive
appearance and uniform composition suggests possible derivation from a
basic igneous rock. However, no relict textures were found in the
section. It is therefore classified as a basic granulite.



Samples: 7033 RS162 & RS103; TSC23011-12

Depths: 472,4 m and 1408.99 m

Hand Specimens:
Medium-grained, greenish-grey rocks very similar to sample 7033 RS161,
except that there is evidence of a very weak foliation defined mainly
by subparallel orientation of some elongate, dark crystals or
aggregates.

Thin Sections: . .
In general composition these are essentially very similar to sample 7033
RS161 and are composed predominantly of plagioclase intergrown with
clinopyroxene, lesser orthopyroxene and some greenish-brown hornblende.
There are traces of pale green amphibole and of opaque oxide,

In texture and general appearance these samples are also similar to
sample 7033 RS161 in that they have a general granoblastic texture and
the plagioclase is typical of metamorphic plagioclase. These samples
differ from sample 7033 RS161 in the following features.

There is a very weak or incipient foliation due mainly to the presence

of elongate aggregates of pyroxene 2-3 mm long and a fgw subparallel,
orthopyroxene crystals also 2-3 mm long. A little hornblende intergrown
with some pyroxene also forms elongate aggregates parallel to the weak

or incipient foliation. The plagioclase, however, forms a mosaic with
straight to curved grain boundaries and no definite evidence of relict
textures could be found.

Sample 7033 RS162 has very little of the pale green amphibole occurring
along some grain boundaries, mainly against orthopyroxene, but in sample
7033 RS163 this secondary, pale green amphibole is more abundant (2-3%)
and it occurs as films generally less than 0.05 mm thick composed of
very small amphibole crystals generally rimming pyroxene. In places
there are some thicker films of this amphibole partly replacing corroded
remants of pyroxene and some of this merges with the coarser—~grained,
brownish amphibole,

Sample 7033 RS5163 is cut by a small vein containing a mineral with a
very low refractive index, probably a zeolite.

Conclusion:
These samples are very similar to sample 7033 RS161 and could also be
classified as basic granulites, but they differ in that they show a very
weak or incipient foliation and sample RS163 has a higher concentration
of the secondary, pale green amphibole.



Sample: 7033 RS164; TSC23013; PSD5402

Depth: 1490.20 m

Hand Specimen:
A dull, greenish-grey, fine-grained schist with unevenly distributed
elongate and irregular patches of pink feldspar, mainly in a band about
1.5 em thick. There are also some patches of dark grey iron oxide
and yellow sulphide adjacent to the zone containing pink feldspar, and
some sulphide is closely associated with the pink feldspar.

Staining with cobaltinitrite shows that the feldspar is potash feldspar.

Thin Section: )
The composition varies in different zones and therefore the proportions

given below may not be accurate for the whole sample. It contains the
following minerals:

x
Muscovite and sericite 30-35 :

- Quartz 30-35 :
Potash feldspar 15-20
Chlorite 10-15 (varies)
Magnetite 5~7
Hematite 3-5
Pyrite 1-2

Calcite 1-2

The section contains two zones or poorly defined bands 4-6 mm thick
composed largely of deformed, strained and partly granulated, coarse-
grained, recrystallized or vein quartz alternating with zones or bands
now composed largely of very fine-grained muscovite or sericite with a
few patches of coarser-grained mica'and elongate patches or streaks of
chlorite. Most of the muscovite and sericite in these zones do not
show preferred orientation and very probably the mica has replaced an
earlier, unidentified mineral but, as there are no relict textures this
cannot be identified. The streaks of chlorite are subparallel to the
weak foliation. There are a few patches or fragments of quartz and a
few small aggregates of fine-grained iron oxide also scattered throughout
the sericite.

There are elongate aggregates up to 4 mm thick composed of turbid,
moderately coarse-grained potash feldspar intergrown with some calcite,
and one of these bands contains aggregates of opaque minerals, mainly
magnetite and pyrite, with some hematite. There are films of chlorite
along numerous grain boundaries and small fractures in the larger masses
of opaque iron oxides and pyrite, and in one area there is a band
composed largely of chlorite with patches of sericite and muscovite
separating the main mass of iron oxides and sulphides from another thin
band now composed mainly of hematite.

There are other zones in the rock composed of rather chaotic and jumbled
masses of fractured quartz, turbid potash feldspar, fine-grained muscovite
and chlorite, with a few scattered patches of calcite, some of which
contain flakes of chlorite. In one area calcite has clearly penetrated
fractures and interstices between potash feldspar crystals.



A careful search of all areas of sericite, fine-grained muscovite and
chlorite, did not show any evidence of relict textures from which to
determine the earlier history of this rock.

In the polished section, some aggregates of opaque minerals can be seen
to be composed largely of intergrown magnetite crystals about 0.2 to

1 mm in size and there are small patches and anhedral crystals of pyrite
varying in size up to about 0.4 mm in some interstices in this mass of
magnetite, On the boundary of this magnetite mass there is a larger
crystal of pyrite over 2 mm in size which contains a few small inclusions
of magnetite, :

Another band or zone or iron oxide contains intergrown, specular hematite
crystals, some of which are over 1 mm long, and a few of these tabular

or elongate crystals have been bent or otherwise deformed. There are
also some patches of hematite containing generally small, irregular
remants of magnetite, suggesting that some of the hematite could have
crystallized across earlier magnetite, and there are also a few patches
of altered magnetite? containing traces of secondary titanium oxide.

Conclusion:

Deformed and metasomatically altered rock of undetermirfed origin. There
are local concentrations of migratory magnetite, pyrite and specular
hematite. :

.



Sample: 7033 RS165; TSC23ul4

Depth:

1490.30 m

Hand Specimen:
Most of the sample is a dull green, fine-grained rock with a weak

foliation and when a wet, freshly cut surface is closely examined, small,

dull, pink grains can be found.

Staining with cobaltinitrite shows that the dull pink grains are very
probably potash feldspar. The sample submitted also has two subparallel
bands of chloritic schist without the pink feldspar.

Small grains of yellow sulphide, probably pyrite, are disseminated
throughout the rock and some occur along a small joint. There are also
a few grains of opaque iron or iron-titanium oxide..

Thin Section:
A visual estimate of the minerals is as follows:

Z <
Chlorite , 40-45
Potash feldspar and sericite35-40
Quartz 10-15
Calcite 5~10
Iron oxide Trace (more locally)
Sulphide Trace

The rock has a fairly uniform composition and texture except for the
presence of subparallel bands or veins in which there are local
concentrations of chlorite and some iron oxide.

The rock is now composed largely of chlorite interspersed with crystals
and crystalline aggregates of turbid potash feldspar which contain
varying amounts of sericite. There are also patches of quartz and
numerous, interstitial patches of calcite which appears to have been

the last mineral to crystallize,

These minerals are almost certainly

all secondary and have crystallized across earlier textures which have
been moderately well preserved throughout much of the rock, The
relict textures suggest that amphibole crystals 0.5 to 2 mm long were

once relatively abundant in this rock and, although many had subparallel

orientation, others were oriented in different directions. These
relict textures and the general appearance of the rock strongly suggest
that it was an ampltibolite composed predominantly of amphibole and a

feldspar, and the present minerals have crystallized across the earlier

textures retaining some evidence of crystal boundaries and former
cleavage in the amphibole. In general, amphibole crystals tend to
have been replaced by chlorite and feldspar by very turbid potash feldspar

heavily impregnated with sericite,

Small patches of quartz are

intergrown with some of the potash feldspar and also occur between
feldspar and chlorite and in some interstices. Locally, the quartz
contains minute inclusions of chlorite and sericite, particularly where
it has apparently invaded some of the chloritized amphibole and turbid
potash feldspar. Patches of calcite are closely associated with much

of the quartz and this also contains inclusions of chlorite and a few of

very fine-grained iron oxide.

Some of the patches of chlorite contain very fine-grained iron and
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titanium oxides, some of which are concentrated along sets of parallel
lines, strongly suggesting former cleavage planes, but whether these
cleavage planes were in the former amphibole or in earlier pyroxene
cannot be determined with certainty,

One poorly defined band or vein in the area sectioned contains higher
concentrations of chlorite and quartz and has a central zone in which
there is a concentration of specular hematite crystals up to about 1 mm
long. Small crystals of sulphide, probably pyrite, about 0.1 to 0.3 mm
in size are scattered through the rock and there are also some elongate
crystals of iron oxide or ivon-titanium oxide.

Conclusion:
Metasomatically altered amphibolite now composed largely of chlorite
and potash feldspar with lesser quartz and calcite.

At e
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Sample: 7C33 RS166; TSC22015

Depth: 1490.40 m

Hand Specimen:
A dull green and grey, predominantly fine-grained rock with some poorly
defined bands containing paler grey quartz, and some local concentrations
of iron oxide.

Staining with cobaltinitrite shows a minor concentration of potash
feldspar along one thin band closely associated with a concentration of
iron oxide.

Thin Section:
A visual estimate of the minerals is as follows:

%
Muscovite 30-35
Quartz . 25~30
Chlorite 25-30
Calcite 3-5 (varies)
Iron and titanium oxides 2-3 (more locally)
Potash feldspar 1-2 (local)
Sulphide Trace
Tourmaline Trace
Epidote Minute Trace
Apatite Trace

This is a deformed and metasomatically altered rock essentially very
similar to sample 7033 RS164, except that it has less potash feldspar.

Aggregates of quartz crystals of varying grain size are intergrown with,
or interspersed with, aggregates up to 2 mm long now composed of inter-
grown muscovite crystals and, although the aggregates are parallel to

a weak foliation, the individual muscovite crystals do not show any
evidence of preferred orientation. These zones composed mainly of

quartz and muscovite also contain streaks or elongate aggregates and
flakes of chlorite, many of which are about parallel to the foliation,

and many patches of chlorite contain fine-grained iron oxide. Calcite

has penetrated and partly replaced these zones and it now contains some
inclusions of quartz and chlorite and also aggregates of very fine-grained
iron and titanium oxides. In one area some subhedral to euhedral quartz
crystals are partly enclosed by this calcite.

Towards one end of the section there are some relict textures similar

to those in sample 7033 RS165, suggesting the former presence of

amphibole crystals up to 2 mm long which have been replaced by chlorite

and calcite with some local patches of quartz. Aggregates of small
muscovite crystals are also scattered throughout this zone and fine-grained
iron-titanium oxides are dispersed through much of the chlorite.

Near the other end of the thin section there is a band about 4-5 mm thick
containing fine-grained chlorite intergrown with some muscovite and
associated with some patches of turbid potash feldspar. This band
contains a concentration of specular hematite crystals, some of which
form more or less continuous but extensively deformed, thin bands sub-
parallel to the foliation. Some sulphide is associated with this
hematite near the end of the section and on the other side of this band
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there is a zone containing concentrations, streaks or elongate
aggregates of very fine-grained magnetite? mainly included in masses
of fine-grained muscovite, but locally associated with quartz or
chlorite. Between the hematite-rich and magnetite?-bearing bands
there 1s one area in which some late calcite contains a corroded patch
of tourmaline about 0.5 mm in size,

Conclusion:
Deformed and metasomatically altered rock, some zones of which are
similar to sample 7033 RS164 and another zone has relict textures
suggesting at least a patch of former amphibolite.

The rock is now composed mainly of secondary muscovite, quartz, chlorite
and calcite,

¢ aree
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Sample: 7033 RS167; TSC23016; PSD5403

Depth: 1490.85 m

Hand Specimen:
Dark, brownish-grey schist with some disseminated sulphide.

Staining with cobaltinitrite shows lenticular patches of potash feldspar
parallel to the schistosity.

Thin Section:
A visual estimate of the minerals is as follows:

%
Biotite 35-40
Chlorite 20-25
Potash feldspar 20-25
Quartz 10-15
Iron and titanium oxides - 3-5
Pyrite 2-3 .
. Calcite Trace :
Apatite Trace

The schist contains abundant biotite flakes 1-4 mm long and a large
proportion of these is orientated parallel to the schistosity, but there
are a few isolated crystals and also a few elongate patches in which the
biotite is not parallel to the schistosity. Throughout much of the
biotite there are scattered, elongate crystals 0.1 to 0.2 mm long of
opaque iron or iron-titanium oxide, and most of these are also parallel
to the schistosity. Elongate patches of moderately coarse-grained
quartz are scattered through the biotite schist and there are also a

few patches of apatite, the largest being about 1 mm in size.

Some of the biotite is closely intergrown with green chlorite, much of
which contains finer-grained iron-titanium oxide than the elongate
crystals noted above, and it is very likely that this chlorite has
replaced or partly replaced biotite. The biotite schist also contains
elongate or lenticular aggregates of medium- to fine-grainéd potash
feldspar which has penetrated along cleavage planes in the biotite and
has spread out from these planes, possibly partly replacing the biotite,
although the lenticular masses of potash feldspar still contain numerous
small whisps of biotite and chlorite and also some elongate crystals of
iron-titanium oxide similar to those included in the mass of biotite.
There are a few small patches of calcite which occur dlscontinuously
along fractures parallel to the schist051ty.

Scattered through the rock there are some elongate aggregates of pyrite
varying in length from less than 0.5 mm to about 2 mm and most of these
are parallel to the schistosity. One of the larger masses of pyrite
included in the polished section contains a few inclusions of iron-
titanium oxide. '

The elongate crystals of iron-titanium oxide noted in the thin section

can be seen in the polished section to contain some fine-grained intergrowths
of hematite and titaniferous magnetite? and there are also a few

elongate aggregates which are now titanium oxide. Some ilmenite may

be present in some of the elongate crystals or aggregates and one small
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crystal of unoxidized magnetite was found included within pyrite.

Conclusion: 4
Biotite schist containing disseminated pyrite, iron-titanium oxides
and slightly anomalous apatite. The biotite has been partly.replaced

by chlorite and has also been }nvaded and locally replaced by potash
feldspar.
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Sample: 7033 RS168; TSC23717; PSD5404

Depth: 1535.60 m

Hand Specimen:
A moderately fine-grained, dark greenish-grey rock with a very weak
schistosity or foliatiom. It contains a trace of disseminated yellow
sulphide. '

Thin and Polished Sections: .
A visual estimate of the minerals is as follows:

z
Hornblende 40-45
Plagioclase 35-40
Biotite 15-20
Chlorite Trace
Potash feldspar Trace
Apatite . Trace
Ilmenite and hematite 1-2
Pyrite Trace~1 H
Magnetite Minute Trace

This rock has a uniform composition and consists of green hornblende
crystals 0.5 to about 1.5 mm in size intergrown with crystals of
plagioclase mainly between 0.2 and 0.6 mm in size, and there are flakes
of biotite 0.5 to 1 mm long. Much of the biotite shows some evidence
of preferred orientation, although not all of the flakes are parallel,
and there are also a few elongate or prismatic hornblende crystals
parallel to this direction, but the foliation is not strongly developed
and not sufficient to impart a definite schistosity. Many of the
larger hornblende crystals contain some concentrations of very small-
opaque oxide inclusions, and also a few inclusions of plagioclase (or
quartz), but in general these inclusions do not form any recognisable
patterns to suggest relict textures. Plagioclase tends to occur in
interstices between hornblende and biotite crystals and only very few of
the grains show twinning. There are a few very small patches of potash
feldspar in interstices geherally associated with plagioclase and there
are also a few small patches where turbid, fine-grained phyllosilicate
has partly replaced some plagioclase.

There are a few small apatite crystéls about 0.1 mm in size mainly
intergrown with the plagioclase or included within plagioclase,

The rock contains scattered, elongate opaque oxide crystals about 0.05 to
0.2 mm long and, in polished section these can be seen to be mainly.fine-
grained, lamellar intergrowths of ilmenite and hematite. Some are
predominantly ilmenite with very fine, parallel lamellae of hematite
resembling exsolution intergrowths, but other grains contain higher
proportions of hematite and the origin of this is uncertain. There

is one small grain or aggregate in which the ilmenite with lamellae of
hematite is associated with a trace of magnetite and it may be that some
of the grains containing higher proportions of hematite once had some
magnetite intergrown with the ilmenite. Some of the ilmenite is

porous and slightly altered.

There are a few scattered crystals of pyrite, some of them partly enclosing
altered and corroded iron oxide, and one of the pyrite crystals contains



a minute inclusion of chalcopyrite.

Cénclusion: ‘
Schistose or foliated amphibolite, very probably derived from a basiec
igneous rock such as a dolerite, .

ar e
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Sample: 70633 R5169; TSC229018

Depth: 1601.55 m

Hand Specimen:
A medium-grained, dark greenish-grey schist with scattered, almost
white grains or crystals about 2-3 mm long.

Thin Section:
A visual estimate of the minerals is as follows:

Z
Hornblende 65~70
Plagioclase _ 25-30
Opaque iron-titanium oxide  3-5
Apatite Trace
Pyrite Trace.
Epidote Trace

The bulk of this rock is now a medium-grained schist containing elongate
or prismatic hornblende crystals, most of which are between 0.5 and

1 mm long, and a large proportion of these are subparallel defining a
definite schistosity. The hornblende is intergrown with crystals and
aggregates of plagioclase generally between 0,2 and 0.5 mm long, and
there are also numerous, elongate crystals of opaque iron-titanium oxide
0.1 to 0.3 mm long, most of which are about parallel to the schistosity,
Most of the plagioclase crystals do not show twinning but there are a
few elongate aggregates of coarser-grained plagioclase in which some of
the crystals show relatively simple polysynthetic twinning. In some of
these elongate aggregates, some of the plagioclase has been partly
replaced by very fine-grained, fibrolamellar phyllosilicate with traces
of epidote.

There are a few relicts of phenocrysts scattered throughout the rock and
most of these are about 2 mm long and still show some evidence of sub-
rectangular shape. They have been almost completely replaced by sericite
and traces of epidote and although they were almost certainly plagioclase,
there is now insufficient evidence from which to determine their former
composition.

When the section is examined under low magnification in reflected light
a few scattered crystals and aggregates of yellow sulphide, very probably
pyrite, can be seen.

Conclusion:

Schistose amphibolite almost certainly derived from basic igneous rock
which probably had some phenocrysts of plagioclase.
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PETROGRAPHY OF ELEVEN GNEISSES FROM
MUTAROO MINES DDH 14B

Sample No. Unit No. : TS No. Depth in metres
P754/78 - 7033ms88 40362 826.4
P755/78 : 7033RS89 40363 825.9
P756/78 7033RS90 40364 827.9
P757/78 7033RS91 40365 832.9
P759/78 7033RS93 40367 836. 3
P760/78 - 7033RS94 40368 837.4
P761/78 © 7033Rs95 40369 . 840.2

P762/78 7033RS96 40370 842.0

Rack

Hand

Thin

e

All of these samples are very similar in both hand specimen and thin
section and contain relatively large augea separated by well foliated
grey bands. The mineralogy of any thin section would depend largely
on whether the thin section was cut to in:lude a large augen or not
and all the samples have a very similar petrographic character so it
was decided to give a general description including all eight samples.

name :
Augen gneiss

Specimen: .

A well foliated rock containing felsic augen with a milky grey to pale
pink colour set in a well foliated matrix with a darker grey colour
containing narrow, black, biotite-rich bands. The felsic augen are
generally below 1 cm wide and about 2-3 cm long. WMicrochemical tests
show that the augen contain abundant potash feldspar but the well foliated
matrix generally contains only minor amounts of potash feldspar.

Section: .

Due to the large felsic augen any estimate of the mineral proportions
would depend largely on the location from which the thin section was
cut, but the following list of mineral proportions represents an average
of the whole rock: ’

%
Plagioclase - 30
Quartz ) 25
Potash feldspar (microcline) 25
Biotite - 10
Muscovite ' 7
Chlorite 2
Apatite Trace
Zircon ) Trace
Opaques 1

This is a well foliated rock consisting of a granoblastic quartz and
feldspar intergrowth through which well-developed biotite and muscovite



flakes are distributed. Both the biotite and muscovite flakes exhibit

a well-developed lepidoblastic foliation and tend to be concentrated

in slightly undulose, discontinuous bands. The augen which were noted

in hand specimen for the most part lack muscovite and biotite but contain
a concentration of potash feldspar (microcline). The felsic augen also
generally have a somewhat coarser grain size (generally about 0.5 mm)
than the granoblastic matrix, which typically has a grain size below

0.3 mm.

The feldspar comsists of both plagioclase, which forms both untwinned and
polysynthetically twinned crystals, and gridiron twinned microcline. All
of the feldspar has a very fresh appearance, showing only incipient
alteration to produce well-developed, finely divided muscovite flakes and
a localised, generaly turbidity. The fine muscovite flakes which are
generally included within plagioclase crystals, form prismatic, stubby
crystals some of which have a crystallographic orientation and are unlike
typical sericitfic alteration of feldspar which generally forms fine, flaky
aggregates. The well-developed, prismatic crystals suggest that this
represents recrystallised, finely divided sericite which was most likely
produced during recrystallization of the felsit minerals under metamorphic
conditions. The feldspar turbidity is produced by finely divided micron-
sized inclusions which could represent opaque inclusions and®shows slight
variations in intensity between samples. Samples. P754/78 and P755/78 have
slightly less turbid feldspars than the other samples of this group.

Both the biotite and muscovite form very well-developed flakes up to 1 mm
in length which generally have a parallel orientation, although a few
muscovite and biotite flakes which transect the foliation direction are
also present. The biotite flakes all have intensely pleochroic, pale
yellowish~brown to very dark brown colours and a very fresh, unaltered
character. Although most of the biotite flakes show no evidence of
alteration, flakes of.pleochroic green chlorite with anomalous blue
interference colours are also present in the sample. A few of the larger
chlorite flakes contain minor remnants of biotite, but most consist only
of chlorite. '

Traces of apatite and zircon are disseminated through this rock type as
small crystals below 0.3 and 0.1 mm in size respectively. The apatite
crystals tend to have anhedral shapes, while the zircon crystals generally
have elongaie, prismatic shapes. At least some of the zircon crystals
exhibit low birefringence, indicating they are metamict. Opaques are
disseminated through the rock as anhedral grains and granular aggregates
generally below 0.1 mm in size. Minor opaques also form fine lamellar
intergrowths with biotite or lamellar intergrowths along the cleavage
traces of chlorite.

These samples represent an adamellitic rock which has suffered high-grade
regional metamorphism (probable middle to upper amphibolite facies grade)
to produce a recrystallized and well foliated rock with coarser-grained
felsic augen. The quartz and feldspar has a recrystallized, granular
mosaic character and the feldspar contains finely divided, well-developed
muscovite crystals believed to represent recrystallized sericite.

Except for the recrystallized sericite, the rock has a very fresh charscter
with both the biotite and the feldspar showing very little alteration.
Although most of the biotite flakes are completely unaltered, a small
proportion show complete or almost complete replacement by chlorite.

These rocks are quite fresh and would be suitable for whole rock Rb/Sr
dating. :



Sample: P758/78; - TS40366: 7033RS92

Location:

Rock

Hand

Thin

Mutaroo Mines DDH 14B at 832.9 m depth.

Name :
Leucocratic gneiss

Specimen: ‘

A weakly foliated rock comprised of a finely granular intergrowth of
milky grey quartz and grey to pink feldspar. Staining with sodium
cobaltinitrite after a hydrofluoric acid etch showed the sample contains
abundant potash feldspar.

Section:
An optical estimate of the constituents gives the following:

%
Potash feldspar (microcline) « 35
Quartz 35 .
Plagioclase 25 :
Muscovite-sericite 4
Biotite-chlorite . 1
Calcite Trace
Zircon Trace
Opaques Trace-1

This sample consists mainly of a fine-grained (typical grain size

between 0.2 and 1 mm) mosaic of granoblastic quartz and feldspar. The
feldspar consists of both gridiron twinned microcline and plagioclase,

at least some of which exhibits polysynthetic twinning. Muscovite flakes
up to 0.4 mm in length are disseminated through the rock and locally
well-developed biotite flakes are also present. The biotite exhibits an
intensely pleochroic brown colour and forms small flakes generally below
0.15 mm in length. :

Most of the feldspar in this rock has a somewhat turbid character, most
likely due to incipient epidotisation. A few plagioclase crystals exhibit
highly turbid, altered cores with narrow, clear unaltered margins.

Finely divided muscovite-sericite flakes are also disseminated through

the plagioclase and, to a lesser extent, microcline crystals. These

fine flakes generally have a well-developed character and at least in some
crystals exhibit a preferred crystallographic orientation like the fine
muscovite flakes in the previously described augen gneisses, suggesting
that they represent recrystallized, finely divided sericite. For the

most part the biotite is very fresh but a few biotite flakes show

‘alteration to a pleochroic green chlorite. Traces of calcite were also

noted, mainly as inclusions in feldspar.

Zircon is aisseminated through the rock as very small, prismatic crystals
generally below 0.05 mm in size. Minor opaques also form anheadral
disseminated grains.

This rock most likely represents a leucocratic band within the previously
described augen gneisses and the feldspar has a somewhat more altered,
turbid character than the feldspar in the augen gneisses. Despite this
alteration, the rock is still considered fresh enough for whole rock
Rb/Sr dating.



gample: P763/78; TS40371; 7033RS97

Rock

Hand

Thin

Locatlon.

Mutaroo Mines DDH 14B at 1028 9 m depth,

Name}
Feldspar—quartz—mlca gneiss

Specimen:

A well foliated rock with a somewhat banded texture, containing some g
elongate bands or lenticular bodies rich in pink feldspar. This

sample lacks the well-developed augen present in the augen gneisses,
although it does have somewhat smaller lenticular bodies which are
similar to the augen in the augen gneisses.

Section:

An optical,esfimate of the constituents gives the following:
z

Plagioclase ' 30
Quartz 25 ;
Potash feldspar (microcline) 20 :
Biotite 12
Muscovite~sericite 10
Chlorite . 2
Apatite h Trace . .
Zircon Trace:
Opaques _ Trace-1

This is a well foliated rock consisting of a relatively fine-grained
(typical grain size between 0.15 and 0.5 mm) granoblastic quartz and
feldspar intergrowth with undulose, mica-rich bands. The mica-rich
bands have a parallel orientation and the mica flakes within these bands
exhibit a well-developed lepidoblastic foliation orlented parallel to
the banding.

The feldspar consists of plagioclase,at least some of which exhibits
polysynthetic twinning, and gridiron twinned microcline. All of the
feldspar is quite fresh although locally feldspar grains with a somewhat
turbid character, probably due to incipient-epidotisation, are present.

A few feldspar grains also contain finely divided, well-developed muscovite
flakes similar to those in the previously described samples, which are
believed to be recrystallized sericite.

The mica consists of both intensely pleochroic brown biotite and muscovite,
both of which form well-developed flakes up to 1 mm in length. The biotite
shows minor marginal alteration to a pleochroic green chlorite, and a few
smaller biotite flakes have been almost completely replaced by this chlorite.
The chlorite also has anomalous blue interference colours and at least
locally contains fine lamellar intergrowths of opaques along its cleavage
traces. The completely chloritized biotite flakes generally do not occur

in the narrow, mica-rich bands, but are intergrown with the granular

felsic mineral-rich bands.,

Traces of apatite and zircon are disseminated through the rock as small
crystals below 0.15 and 0.05 mm in size respectively. Minor opaques
also form anhedral disseminated grains generally below 0.05 mm in size.



§ - o AR AR AN B i R A

This is a gneissic rock, very similar to the previously described
augen gneisses, except that it lacks the well-developed augen present

in those rocks. The sample is considered suitable for whole rock
radiometric dating.

e



Sample: P764/78; TS40372; 7033RS98

Location:

Rock

Hand

Thin

Mutaroo Mines DDH 14B at 1024.0 m depth.

Name: )
Feldspar—quartz-mica gneiss °*

Specimen: .
A well foliated and banded rock consisting of narrow pink coloured bands

separated by thicker grey bands which contain narrower dark bands rich
in biotite.

Section: . ,
An optical estimate of the constituents gives the following:

%
Plagioclase 30
Quartz 25
Potash feldspar (microcline) .15
Biotite ‘ 15 :
Muscovite~-sericite 10 :
Chlorite 3
Calcite . 2
Apatite, zircon Trace
Opaques . Trace-1

This sample is quite similar to sample P763/78 (TS40371), consisting of

a granoblastic quartz and feldspar mosaic intergrown with parallel,
undulose, mica-rich bands. The quartz and feldspar have a typical grain
size of 0.1 to 0.5 mm and the feldspar consists of both polysythetically
twinned plagioclase and gridironm twinned microcline. The mica-rich bands
are comprised of an intensely pleochroic, brown biotite and muscovite, both
of which form well-developed.flakes up to about 1 mm in length, Both the
muscovite and biotite flakes have a well-developed preferred orientation
defining a lepidoblastic foliation oriented parallel to the banding.

This rock is somewhat more highly altered than any of the previously

described specimens, with both the feldspar and biotite showing more

intense alteration. Although the feldspar grains are generally quite fresh,
many have a turbid character and contain finely divided sericite. A few
feldspar grains also contain well-developed, small mica flakes some of which
have a crystallographic orientation and are helieved to represent recrystallize
pre-existing sericite. The biotite shows some marginal alteration to a
pleochroic, green chlorite and some biotite flakes have been completely re-
placed by this chlorite. The chlorite also has anomalous blue interference
colours. ;

Calcite is present as narrow vein and fracture fillings, generally below
0.2 mm wide, which are generally oriented along the foliation plane and
within mica-rich bands. The calcite within these veinlets has a granular
character and was positively identified by its staining with an alizarin
red-S solution. Minor calcite is also disseminated through the rock as
small inclusions within the plagioclase or very fine interstitial inter-
growths.

Traces of apatite and zircon are disseminated through the rock as small
crystals up to 0.1 mm in size. Minor opaques also form anhedral, disseminated
grains up to 0.1 mm in size.
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This is a gneiss quite similar to sample P763/78, which shows somewhat
more extensive alteration to both of the feldspar and biotite as well
as the formation of accessory calcite. Despite the more intense
alteration, this rock is still considered suitable for whole rock

Rb/Sr dating, although of ‘the samples described in this suite, it would
be the least suitable.
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14th May, 1978,

Hole No.

MM15

"

MM21A

(metres)

1 B4 604.,7
T 635.57
I 636.3
| 638.5

648
| 664.8
| 668
| '678.85
682.4
| 694.8
I 703.8
| 707.6
713.9
| 717
| 93.7
131
: 281
161.6
202, 167



COMMENTS

ROCK _NAMES

Each rock is given an essential description and a metamorphic
rock name according to its present composition and texture, i.e.
without genetic connotations. The terms schist, gneiss, and
amphibolite, are employed, generally prefixed by the component
mineral names, listed in order of increasing abundance. Relatively
quite minor phases are written in brackets.

s

The term schist implies a predominantly schistose fabric,
i.e. lepidnblastié, nematoblastic or foliated, however intercalated
quartzo-felspathic layers are commonly microgranulose, thus ‘'schist!
may be qualified by 'fine granulose'. With increase in these
intercalated granuloblastic quérfzn-felspathic layers, and
corresponding decrease in foliated and lepidnblastic minerals, the
fabric becomes relatively gneissic, although the grain size is
finer than is generally regarded as characteristic of a gneiss.
The terms fine gneiss or fine schisfnse gneiss are used to

incorporate this fabric.

ROCK GROURS

On the basis of similar texture and gross mineralogy the suite
can be divided into four groups, with the two massive sulphide samples

representing a fifth group; these are :-

A. Fine granulose schist gradétinnal to fine schistose gneiss,
invariably containing essential quartz; with generally sub-
urdihate plagioclase. Minor to abundant staurolite, sillimanite
and kyanite are regarded as diagnostic (together with the

essential quartz).




Representatives of this group are listed below, showing

the diagnostic aluminous silicate phase (where present) -

No. 3 - staurolite accessory
a8
S
12 sillimanite essential
15 kyanite essential, staurolite accessory
16 staurolite minor
18 minor hornblende indicates gradation to

amphibolite group B below

B. Amphibolites, cnhpnsed basically of hnrnblendbaand plagioclase,
but with variably accessory to essential quartz and biotite.
These rocks are listed below showing the phases present in

addition to essential plagioclase and hornblende -

No. 1 essential guartz (incipient sericite chlorite
alteration) :
5 essential biotite, minor guart:z
6 minor quartz and biotite
11 minor quartz (incipient sericite alteration)
17 diopside-amphibolite, in which diopside is

completely uralitised (unique to this sample only)

C. Massive coarse granulose plagioclase rocks, unique within the
suite by virtue of their relatively coarse grain size, and
dominance of plagioclase (with minor quartz, muscovite and

accessory rutile being the only other phases) -

No.13
14
|
D. Fine layered gneiss, characterised by a predominance of plagioclase :

(of two generations), with minor to subordinate guartz, biotite -

p. 2
7 (plus trace sillimanite)
10




E. Massive sulphide samples, dominated by pyrrhotite,
inclusions of silicate minerals, accessaory magnetite,
apatite in sample &, and minor intergrown chalcopyrite

in sample 19 -

No. &4
19°

METAMORPHIC GRADE (with discussion on metamorphic histary)

Within the limited scope of this suite, the pfe;ence of
(and indeed the relative abundance of) sillimenite, kyanite and
staurolite, and the absence of andalusite, provide perhaps the maost
diagnostic evidence of metamorphic grade. This indicates that at
least the group A rocks defineq abave, amd thus no doubt the
entire sequence fhrnugh which they are intercalated, was metamorphaosed
under middle amphibolite facies conditions (temperatures of about
525 to 5750E, pressures of about & to 5 Kb).

(Samples 13 and 14 may be exceptions as discussed later.)

Texturally the micaceous foliae throughout the suite, but
mainly in petrographic group A, appear to represent a second
generation (52) fabric, i.e. a broad-scale crenulation cleavage,

superimposed on an earlier assemblage.

These foliae tend to incorporate, and locally incipiently wrap
around staurolite (in No. 16), and sillimanite (in No. 12). Thus the
aluminous-silicates are interpreted to represent the culmination of
the same latest, single, (mid-amphibolite facies) metamorphic event,
which then continued with decreasing temperatures, and possibly.
increased shear stress, with the development of the later micaceous

foliae.




In many samples, relict, 'old' stressed, turbid and poorly
twinned coarse plagioclase crystals, and lesser coarse stressed
polycrystalline quartz grains, all with porphyroblastic relationships,
vague grain boundaries and commonly crowded with minute inclusions,
occur within a finer near-polygonal mosaic of quartz and quite clear,
well twinned, unstressed, 'new' plagioclase. These relicts are
evidence of an earlier mineral assemblage, which appears to be far
more abundantly manifest in the coarse granulose rocks 13 and 1k
which consist almost entirely of plagioclase of the exact same type
as the relict porphyroblasts described above. 7

s

The second metamorphic event is only very weakly expressed in
these plaginclaseigranulites 13 and 14, as granulation-recrystalli-
sation along intergranular contacts of the coarse older plagioclase

4+ minor quartz and muscovite.

Conceivably the uralitisation of dinpéide in amphibolite
sample 17 represents a later retrograde event (mid-amphibolite
facies grade), superimposed on an earlier higher grade amphibole
assemblage (except that unlike the bintite-muscnvite foliae, this

must have occurred under virtually stress free conditions.)

Accessory ilmenite is widespread throughout the sequence,
virtually irrespective of the host rock type, certainly it is not
restricted to the amphibolites. Rutile is a major accessory in
samples 13 and 14, commonly as inclusions in plagioclase. Almost
certainly these are metamorphic mineral phases, and both more likely
to form at higher metamorphic grades than middle-amphibolite facies.
Indeed, rutile is very common in granulite facies rocks. Thus
these accessory Ti phases also tend to indicate a former higher

grade metamorphic assemblage.



The thesis is presented that samples 13 and 14 represent a
little-altered former terrain of plagioclase 'granulite?, and
relicts of this same material exist within the sequence strati-
graphically abnve 13 and 14. In this sequence however the

'granulitic' plagioclase is inherently significantly diluted by
other components noteably guartz, and the elements which now

form micas, aluminous silicates and amphibole.

This former coarse plagioclase conceivably represents a
granulite facies terrain (7 Willyama metamorphism), which has
been superimposed on by later mid- amphlbullte facies event

(? Adelaidean metamorphism). ¥

ORIGINAL ROCK TYPES

The interpretation of nriginal rock types, pre-granulite
facies metamorphism and the superimposed middle-amphibulite facies
metamorphism postulated above, can only be based on gross minera-
logical compositicn, which algne cannut positively differentiate
between original sedimentary or 1gnenus rocks of equivalent bulk

chemical composition.

However, the original pre-metamorphic nature of the rocks is

commented on, in order of the petrographic groups A to D defined above.

Group A is considered to basically represent a mixed pelitic-~
psammitic sedimentary facies, now mainly manifest by a predominance
of guartz, subordinate micas and fairly common staurolite, kyanite
and sillimanite. Variation in aluminous and quartz-rich domains
conceivably reflects an original greywacke, shale, i.e. turbidite
facies. However those samples excessively rich in plagioclase in

this group, probably represent an additional tuffaceous component.

Alfernatively this plagioclase-rich variation may be due to

metasomatic enrichment which accompanied the first metamorphic event.



Group B - the amphibolites, may represent original basic igneous
rocks (i;e..urthu), or a mixed calcareous, magnesic, aluminous

sediment (para), or, indeed both may be present.

The extensive dilution of hornblende and plagioclase by quartz
and biotite in samples 1 and 5, the apparent relict compositional
layering, lack of apatite and epidote, the rare zircons, all suggest
that at least fhese two samples derived from a mixed, impure
calcareous sediment. The impurities were probably clastic guartz
and pelitic material, but may have also included some tuffaceous
material aéin the group A facies. The hornblende, biotite,
plagioclase guartz schist, no. 18, may be an extreme clastic

variant of facies 1 and 5.

However the absence of garnet, and of carbonate, particularly
in the amphibolites with minor to negligible quartz-biotite
contamination (samplesvﬁ, 11, 17), is perhaps anomalous for a
sedimentary origin. Rather these 3 rocks may be reconstituted
basic sills, or tuffs.

Thus the origin of the amphibpolites as a group is most

inconclusive.

The coarse plagioclase granulose rocks forming Group C, and
the layered, fine plagioclase-dominated schistose gneisses of
Group D seem most unlikely to have derived from clastic sediments.
Rather these seem tu;represent an original igneous facies of.
intermediate-felsic composition, and which was cunceivahiy a tuff
or a lava. The layering in the Group D rocks, particularly the -
intercalated biotite-quartz + sillimanite layers of probable meta-
clastic composition, suggesf_an original tuff, carrying minor

intercalated sediment.



‘There is no objective, isolated evidence regarding the
nrigin‘nf the sulphide samples. The coarse inclusions of
amphibole, quartz, biotite and plagioclase in pyrrhotite are
completely non-diagnostic, and indicate an erratic association

with all rock gfnups above.

The several coarse apatite inclusions in sample 4 however,
are anomalous, since this mineral is absent from the remainder of
the suite, and is possible, very tenuous evidence, of chemically

deposited sulphides.
According to the above facies interpretations, Sample &
underlies a tuffaceous (plagioclase) meta-sediment,: énd overlies

a clastic contaminated (? para) amphibolite.

Sample 19 underlies an amphibolitic plagioclase meta-sediment,

and overlies a retrograded diopside (? ortho) amphibolite.

COMMENTS ON_ENVIRONMENTAL MODEL AND CORRELATIONS

In a broad sense, the suite is interpreted as an original
(submarine) sequence of intercalated pelitic-psammitic rocks, felsic
tuffs, impure calcareous facies and/or mafic tuffs or lavas, together
with massive sulphides. My impression from your letter is that the
massive sulphides are intercalated and conformable within the

seqguence.

Thus the collective evidence seems to be that these massive
sulphides have a generalised marine, clastic-volcanic asénciafinn,
The sulphide localisation ? may have a specific spatial relatignship
in that it overlies a predominantly amphibolitic facies in both
drill holes (according to the listing of samples given in your ,
letter.)



Regarding correlation with the Kalabity Sequence
(questioned in your covering letter), I do not recall any
rocks which I have described from there, which correlate with

those in this suite.

The plagioclase-rich, probable meta-tuffaceocus facies
from the Kalabity Sequence may in part correlate with the 'new'
fine granuloblastic crystalline plagioclase-rich domains in
Group A samples. However, the massive coarse granulose
plagioclase samples 13 and 14, while puésibly chemically similar
to some very felsic samﬁles at Kalabity, are texturélﬁy quite
different.

Specific comparison of amphibolite samples should be made
from both areas, before meaningful comments on possible correlation

can be made.



No. 1 & hornblende plagioclase guartz schist

(or schistose gquartzose amphibolite),

incipient sericitic, chloritic alteration

This rock has a fairly homogeneous composition and texture,
with a compositional layering manifest by minor variations of the

essential minerals.

Basically it consists of a micro (0.3 mm) granuloblastic to
granoblastic mosaic of quartz (approx 25%) and plagioclase (25 - 30%)
in which the grains are commonly elongate in the plane of the layering.

. ' O

Somewhat ragged subhedral to euhedral prisms of green hornblende

(30 - 35%) are ubiguitous throughout this mosaic, more or less in

layers, and commonly oriented in the plane of the layering.

The plagioclase is generally turbid with clay 'dust' which may
well be supergene, none the less twinning indicates an andesine
compositian. However about one third of the plagioclase is relatively
densely clouded, and extensively replaced by a cluster of fine
sericite + clays + fine epidote (saussurite). This is primary

alteration, and is most advanced in the plagioclase-rich layers.

Minor biotite altered to chlorite, and related muscovite occur
in some layers. Accessory elongate/amoeboidal grains of ilmenite
(3 - 5%), are scattered throughout; 1lesser pyrrhotite and trace
chalcopyrite are also scattered but more or less restricted to poorly

defined bands, where they tend to accompany altered silicate minerals.

A vein of saussuritic-uralitic alteration products + accessory

pyrite cuts across the layering.



No. 2 : biotite gquartz, plagioclase,
very fine granulose schist

(or fine gneiss)

This rock also has a vaguely defined compositional
layering on a scale of about 15 mm; these layers also vary
slightly in grain size from an average of 0.5 to 1 mm.

Two layers are dominant.

One of these layers consists largely (50%) of a loose
aggregate of coarse (2 mm) subhedral plagioclase porphyroblasts,
which are also poikiloblastic due to abundant, fine ‘inclusions
of guartz, biotite and muscovite, and turbid with clays.

These are more or less layered through a finer (0.3 mm) granulo-
blastic mosaic of untwinned oligoclase, minor quartz and

similarly aligned dark brown biotite.

With gradual decrease in abundance of the coarse plagioclase
this coarse ineguigranular layer merges into the other dominant
layer, composed of elongate, granuloblastic mosaic of albite
and subordinate guartz, average sizé 0.5 mm, with minor similarly

oriented brown biotite throughout.

Minor relative concentrations of biotite and quartz form
thin layers, and accessory anhedral pyrite and chalcopyrite

accompany one of these.



"

No. 3 : (staurolite) muscovite-biotite, quartz

plagioclase, very fine granulose schist

This rock has a compositional layering on a scale of
2 to 15 mm; theifairly evenly fine to medium size textures
in each layer are all 'blastic', the type depending on the mineral
components.

The broadest layer consists of a fine, slightly elaongate
granuloblastic mosaic of quartz and minor to subordinate untwinned
plagioclase (7?7 albite), and of wavy fairly continuous foliae of
biotite and muscovite. Small (0.1 tn_U;E mm) crystals of staurolite
occur in clusters, and in trains along the layering'té form about
10% of this band. Clumps of fibrous sillimanite (3 - 5%) occurs
in some biotite.

This grades into a much thinner, intercalated foliated band
of dark brown biotite, with one hargin of potash felspar replacing
the biotite. Another intercalated band of coarse foliated biotite

is studded with small staurclite crystals.

Remaining, guite broad bands énnsist of inequigranular,
granuloblastic quartz, plagioclase, with minor biotite and staurolite
in layers, also minor scattered, coarser turbid plagioclase, having

porphyroblastic/poikilitic relationships as in sample 2.



No. & fine aggregate of pyrrhotite carrying

minor, scattered, generally single
crystals of magnetite, apatite, pyrite,
chalcopyrite, biotite, hornblende and

guartz (in increasing order of abundance)

About 70% of this rock consists of a fairly massive
fine gréined sulphide aggregate. In thin section however this
aggregate is seen to carry scattered, gepéfally quite coarse
(1-5 mm).single crystals of anhedral gquartz, lesser euhedral

hornblende, greenish biotite and single coarse cryst%i of apatite.

In polished section the sulphide aggregate is seen to
consist of almost exclusively fine (0.1 to 0.6 mm), allotrio-
morphic mosaic of pyrrhotite. Small (0.1 to 0.7 mm) single
grains of chalcnﬁyrite, pyrite'and magnetite are randomly
scattered, but each forms less than 1% of the sample.



No. 5. : (guartz-biotite) schistaose
amphibalite

This rock consists basically of a foliated (lepidaoblastic)
mass af intimafely interlocking, quite coarse, green harnblende
and subordinate brown biotite, each in slightly idfferent
abundance in different layers.

Minor finer anhedral quartz (15%) and subhedral: generally
untwinned plagioclase (? albite) (20%), are together more or less
restricted in mosaics forming discontinuous layers, about 5 mm
thick, intimately intergrown with the hornblerde and biotite.

Sparse minute inclusions of plagioclase and quartz occur in
harnblende.

The plagioclase commonly shows minar turbid patchy

alteration to clay—sericite.%

Trace pyrrhotite grains are present.



No. 6 : (quartz-biotite) amphibolite

This rock has a similar gross composition to No. 5,
although it contains less biotite, more plagioclase, and

layering is not so obvious.

Basically a very poorly defined middle band about 10 mm
thick in the section, consists of a more or less granuloblastic
mosaic of green hornblende, with a finer mosaic of accessory
poorly twinned plagioclase, and quartz, more or less intergranular.
A broader band (15 mm) either side of this also consists
of an irregular granuloblastic aggregate of hornblende, but
with twinned plagioclase (25 - 30%) of labradorite composition,
of similar to finer size, forming an essential part of the
aggregate. Minor much finer quartz is scattered, intergranular.
Coarser brown biotite (10%) is rardomly disposed.

--Rccessory minute grains of ? ilmenite and pyrrhotite
are scattered. '



No. 7 : (sillimanite gquartz biotite)

plagioclase gneiss

Compared with most of each sample described above this
is a markedly leucocratic rock, albeit with minor (7%)

dark foliae fairly evenly spaced at about 10 mm intervals.

About 35% of the rock consists of coarse (to 3 mm )
irregularly anhedral rather turbid plagioclase crystals,
carrying abundant minute inclusions of quartz and lesser mica.
These poikiloblastic/porphyroblasts have a more or léss layered
distribution through a clearer, somewhat more ordered granulo-
blastic mosaic, average size 0.5 mm, and composed mainly of

apparently albitic plagioclase, and minor quartz.

Accessory extremely fine biotite, ilmenite and sparse

rutile are scattered.

Thus the bulk of this ruck,~axc2pt for the accessory
phases is much like the coarser more felsic layers in sample
No. 2.

The thin dark foliae consist of fine to medium discrete
flakes of biotite + trace ilmenite, rutile, and rare single
sillimanite prisms, through a band of fairly clear near-

polygonal albite mosaic.

"



No. 8

(plagioclase) muscovite biotite

quartz fine gneiss

Compositional layering on a scale of about 5 mm is
manifest as bands dominated by foliated micas, intercalated
at frequent intervals with bands of fine (0.5 mm) granulo-

blastic, irregularly polygaonal, felspathic-quartz mosaic.

[
The micaceous foliae consist of a generally similar

amount of intimate}y intergrown biotite and muscovite.

The intercalated fine granulose bands consist predominantly
of near-polygasnal quartz (7 50%) with generally minor poor or
un-twinned plagiﬁclase (? 20 —“30%), and scattered fine single
flakes of biotite (10 - 15%) and magnetite (7 - 10%). Albite

is more abundant in some bands. Trace pyrrhotite is present.

Thus quartz and muscovite are relatively more abundant
than in most quartzo-felspathic rocks above. Also the

magnetite is fairly distinctive.




No. 9

‘ve

(biotite plagioclase) muscovite

guartz fine gneiss

This rock also contains proportionately more quartz
and muscovite than in most samples above, indeed it compares
with sample No. 8, although the guartzose layers are slightly

coarser and relatively inequigranular.

Fairly evenly and closely spaced, somewhat wavy foliae
of medium sized muscovite (30 -35%) with minor intergrown biotite
(10%), are quite continuous through a markedly ineqﬂigranular
granuloblastic aggregate of quartz (35%) and lesser plagioclase
(15 - 20%). '

The inequigranular texture is manifest as irregularly
rounded single ahd’pnlycrystalline guartz grains (2 - 3 mm), and
rare turbid, ragged plagioclase of this size, distributed in
vague layers through a finer mosaic of quartz, turbid, stressed
anhedral plagioclase, and smaller, clearer, well twinned

(recrystallised) albite.

Trace to accessory very fine grains of chalcopyrite

and magnetite are scattered.



No. 10 : (biotite) quartz, plagioclase

fine gneiss

This rock is layered on a scale of 2 to 15 mm;
it compares very largely with sample No. 7, and to a lesser

extent with No. 2 described above.

Two major bands in the section consist of a loose packed
aggregate of subhedral to anhedral, coarser, turbid plagioclase
crystals, ranging in size from 2 to & mi, vaguely layered within
a micrngranulnblastic mosaic of much finer (0.5 mm)/élearer
albitic-plagioclase, subordinate quartz, and minor biotite.
These coarse crystals commonly contain abundant very fine
inclusions of quartz and rare micas, and their boundaries are
highly irregular where they appear to be encroached upon by the

matrix.

Minor g£-all single crystals of rutile are scattered
through this band.

AR thinner layer between these two layers consistsof essential,
guite coarse biotite, relatively concentrated into a foliation,
within & fairly homogeneocus fine (0.5 mm) near-polygonal mosaic
of albite and minor quartz. This thin intercalated layer is
therefore essentially the same as the matrix in the coarser

bands, but with relatively concentrated biotite.



guartz amphibolite

No. 11

About 50% of this rock consists of a vaguely layered
fairly tight crystalline aggregate of green hornblende,
in variable and rather patchy grain size of 0.1 to 1 mm.
Same crystals.are crowded with fine guartz inclusions,

and/or. intergrown with more or less graphic guartz.

Subhedral to anhedral, reasonably well twinned crystals
of plagioclase (15 - 20%), of andesine-lghbradorite ¢composition,
have a vaguely layered distribution, but form an essential part

of the rock aggregate.

Relatively distinctly anhedral plagioclase (25%) show
diffuse twinning in calcic cores with diffuse zoned more sodic
margins. They are commonly partly sericitised, + minor
saussurite and have a layered distribution as part of the

essential aggregate..

Generally much finer anhedral quartz (7 - 10%) is more or less
interstitial but does tend to be more abundant in some poorly

defined bands, and in patches.

Rccessory very small anhedral grains of ilmenite (1 - 2%)

are scattered.



No. 12 : muscovite biotite sillimanite quartz
plagioclase 'gneiss' (with layers of

essentially quartzite)

This rock has a compositional layering on a sﬁale of
5 to 10 mm. The broadest and most leucocratic of these
cnnsists.nf a fine granoblastic to granuloblastic mosaic of
quartz and minor (fairly clear) albitic plagioclase), with
minor similarly oriented but single playes of muscovite and

chloritised biotite. This band is basically a quartzite.
[

The darker, thinner foliated layers consist of essential
biotite, sillimanite, minor muscovite, accessory hematite and
trace pyrite, through a fine granular mosaic of quartz and turbid
albitic plagioclase. Sillimanite is rarely altered to sericite.

The hematite carries fine exsolution lamellae of ilmenite.

Layers between these micaceous foliae consist of fine
granuiﬁse quartz;ﬁlééinclase mnsaib, including some (inequi-
granular), coarser polycrystalline quartz and turbid weakly
poikiloblastic plagioclase (as for example in sample No. 9).
Minor micas, accessory altered sillimanite and trace ilmenite

also occur in these bands.



No. 13 : - massive coarse granulose plagioclase

rock, stressed and partly recrystallised

The coarse, metamorphic granulose texture and highly
felsic composition is characteristic of this rock. The
felspar is predominantly essentially albite (in spite of the
predominantly pink colour of the hand specimen, which super-

ficially suggests a potassic felspar composition).

About 75% of the section consists of a fairly $ight,
random aggregate of stressed, turbid plagiuclasé crystals,
average and fairly consistent size about 3 mm. These carry
sparse fine inclusions of quartz and micas. They have an
essentially anhedral. form with highly irregular serrated margins,
due to granulation/recrystallisation along contacts with

ad jacent crystals.

- Intergranular -'matrix' is highly irregular and poorly
defined, but does consist largely of granulated/recrystallised
plagioclase micromosaic, with minor fine quartz and muscovite,

and very fine crystals of rutile (3%).

Minor superimposed shears contain muscovite and quartz.



No. 14 : massive coarse granulose
plagioclase rock, stressed and

partly recrystallised

This is essentially the same as sample No. 13.
However the microcrystalline albite mosaic is more extensive
between the aggregate of coarse stressed and deformed albite
crystals, and along serrated marginal cuntacts of these.
This reflects a slightly more advanced 1ntergranular

granulation/recrystallisation within a coarse plagioclase

| aggregate. Minor fine muscovite, gquartz and very small crystals
of rutile are scattered through fhe recrystallised plagioclase

domains.

Another small difference with sample No. 13, is that
minor coarse pulycrystalllne quartz forms part of the coarse

felsic aggregate.



No. 15 (muscovite) plagioclase, kyanite biotite,

guartz fine 'gneiss!

This rock has a compositional banding on a scale of
about 15 mm, but with finer micaceous foliations within some
bands, more abundant than in others.

These felatively more foliated bands are characterised
by foliae of biotite and intergrown muscovite, fairly common,
elongate (lepidoblastic) prisms of mainly (colourlesd) kyanite,
and accessory squat euhedral crystals of amber to vellowish
staurolite. These occur through a slightly elongated, otherwise
polygonal micromosaic of guartz, with poorly or untwinned
albite.

The relatively more massive bands consist of an inequi-
granular, albeit generally fine granoblastic to granuloblastic
mosaic-of quartz, subordinate albite, and minor, scattered
similarly oriented biotite and muscovite. Accessory fine

ilmenite is also scattered through these bands.



n

No. 16 : (plagioclase) staurolite muscovite
biotite, quartz schist or fine 'gneiss!

The bulk of this rock consists of wavy, foliae of quite
Coarse muscovite, and Ssubordinate, intimately intergrown
biotite; quite continuous and closely Spaced, through a
generally fine, but somewhat inequigranular, near-polygonal

micromosaic of quartz and minor untwinned albite.

Whereas the average grain size of this mosaic is:0.25 mm,
Coarser (1 - 2 mm) Polycrystalline grains of quartz are scattered
to form about 25% of the quartzose layers. Minor turbid,
irregularly anhedral Coarser plagioclase crystals are scattered,

reminiscent of those in several felsic rocks described abgve.

The most diagnostic feature in this rock however is the
commonly oriented ragged prisms of stauorlite (25%), up to
2 x 5 mm, typically‘with abundant small quartz inclusions. These
lie in fhe generally more micaceous layers, and some more squat
crystals of staurolite form porphyroblastic knots within biotite
foliae, intergrown with quartz.

Rccessory magnetite is disseminated.



"

No. 17 diopside amphibolite, in which
former diopside is completely pseudo-
morphically replaced by extremely fine
actinolite (7 uralite)

This rock has an homogeneous composition and texture;
it is vaguely layered by virtue of generalised elongation of the
mafic minerals which are evenly disposed to form an essential

part of the aggregate described below.

It consists of a loose aggregate of interconnegted, slightly
elongate subhedral to euhedral pseudomorphous crystals (30%),
composed of extremely fine bluish green actinolite mat, which
encloses relatively discrete, fine brown hornblende (10 - 15%).
These cumpnsite-mafic grains more or less enclose individual
euhedral plagioclase crystals (40 - 50%), average and consistent

size about 1 mm.

-The uralite -pseudomorphs appear to selectively replace

former diopside. The hornblende is essentially unaltered.

The plagioclase is very clear, with well-defined twinning

indicating an andesine to labradiorite composition.

Trace to accessory very fine ilmenite and/or magnetite

is disseminated.



No. 18 : hornplende biotite, plagioclase
quartz, fine granulose schist

or fine 'gneiss'

The bulk of this rock (50 - 60%) consists of a
fine (0.5 to 1 mm) granuloblastic (near-polygonal) mosaic of
plagioclase and minor to subordinate quartz. The plagioclase
is quite unaltered, with fairly clear twinning indicating an
oligoclase to andesine composition. :

Quartz tends to be slightly more abundant in poorly
defined patc“es and layers, than in the aggregate of the rock
as a whole.

Brown biotite (25 - 30%)'and green hornblende (10 - 15%)
as fairly discrete plates, are scattered with similar orientation
throughout the (guartz) plagioclase aggregate, with a vague
tendeﬁby to be diffefentiated intn~layers.

Minor turbid plagioclase crystals, carrying minute gquartz
inclusions are slightly coarser than normal, and compare with

similar plagiodase in several samples above.

Accessory fine magnetite (7 ilmenite) and pyrite are

dissminated.



No. 19 ¢ massive pyrrhotite with minor
intergrown chalcopyrite, inclusions

of magnetite and various silicate phases

This is a sample of fine grained massive sulphide.
In thin section it is seen to carry numerous silicate-mineral
inclusions, average size about & mm. These consist mainly

of single and polycrystalline grains of quartz; and of turbid-

plagioclase composite with altered hornblende; also fragments

of quartz-albite-biotite schist or gneiss. Single plates

of biotite are also scattered.

In polished section the great bulk of the sulphide is
seen to consist of a fine to medium aggregate of pyrrhotite,
essentially as in sample No. 4. This carries minor alltriomorphic
grains, or hatches of chalcopyrite (more than insample No. &4)
and accessory small single crystals of magnetite (the same as

in sample No. &4).
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