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P310/76 
TS362.92. 
BFD 1 
10.2.m. 

P311/76 
TS362.93 
and TS36482 
MID 151 
94. 2.8-94.44m. 

P312/76 
TS36294 
M3D 151 
94. 73m. 

P313/76 
TS362.95 
MGD 151 
2.56.3m. 

P314/76 
TS362.96 
.MGD 151 
2.66.5m. 

. P315/76 
TS36297 
MGD 151 
5ni. 
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SUMMARY OF SPECIMENS 

Feldspathic.gneiss oompos~d of potaSh/feldspar, 
~ and biotite with mi~rundum. 
tftnereha"s"13e'Em mteration o 'ser~c~te or · 
montmorillonite? along fractures. A sedimentary 
origin is possible but all original features have 
been bliterated. (It is coarser grained than gneiss 
in samples P311, 312./76.) 

Breccia containing l~rge clasts of sericitized quartz­
feldspar-biotite gneiss and of metasomatic, potash 
feldspar-iron oxide. rock in a dark matrix of altered 
and heavily stained biotite and/or chlorite with 
minor quartz and calcite. Altered outer zones of 
some large clasts of_gneiss are of turbid, metasomatic 
potash feldspar, quartz, mica and iron oxide. 

There is no conclusive evidence to show whether it-is 
a tectonic or sedimentary breccia but certainly there 
has been some fracturing. 

Sericitized and pqssibl chloritized feldspathic gneiss 
~~db . d now sta~ne y ~ron ox~ e. 

~neis§ · 
Most of 

Altered metamorphic rogk now composed of moderately 
'coarse grained bi t · te and secondar cla 
_t is possible that some, or all, of the clay replaced 

· scapolite. It could have been a basic igneous rock 
but no original textures have been preserved • 

Metasomatically altered uartz-feldspar-biotite gneiss. 
Al era ion by metasomatising solutions ~n some zones 
has resulted in the replacement of much of the gneiss 
by potash feldspar an'<r where- this is coarser gr~ 

/ -..._____..-----_,.. .. ~....._.. 
it could grade into a metasomatic 'granitic' or 
'pegwatitic' rock. The full history has been very 
complex and has involved some additional fractur.ing 
and alteration. 
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P316/76 
TS36298 
MGD151 
6.7 m. 

P317/76 
TS36299 
MGD 151 
10.3 m. 

P318/76 
TS36300 
M:;D 151 
14.1 m. 

P319/76 
TS36301 
MGD 151 
24.3 m. 

P320/76 
TS36302 
MGD 151 
38.2 m. 

P321/76 
TS36303 
MGD 151 
45.4 m. 

P322/76 
· TS36304 

MGD 151 
150.2m. 

P323/76 
· .TS36305 

MGD 151 
151.1 m. 

S-2 

i ' 

Altered sranite or adamellite in whiCh all plagioclase ........_. .... _. 
has been replaced by hematite-stained 'serici e • and 
much of the potash/fe spar and biotite by other clay 
minerals. There are remnants of turbid potash/feldspar. 
~ 

Either porphyroblastic adamellite gneiss or gneissic, 
porph ~c adamellite. All plagiocfase anti some -
~have been replacedby sericite and~but 
former (?metamorphic) textures ar~ preserved. 

Extensively altered, granitic or adamellite gneiss 
(or gneissic adamelli~i~ to and related to 
P317/76. There are irregular, possibly metasomatically 
altered patches in which potash feldspar predominates. 

Adamellite or adamellite gneiss similar to P317-318/76 
out show~ngmore extensive alteration to clay minerals. 

MOst of the potash feldspar has now been replaced by 
~and the plagioclase by 'sericite• and c:la • There 
is little evidence of a foliat~on. 

Alter~adamellite in which plagioclase has been serici­
~ized but much of b~e microcline remains unaltered. · 
~er;c1te -------_____........_, 

Sericitized adamellite {or adamellite gneiss) has been 
~or;ed~sheared and c Invading solutions 
have deposited ~ in fractures and in-
terstices. The associated s.ilicates including 
minor microcline have been replaced by ~~~ 

~reccia in contact with underlying q~rtz~~eld~p~ 
biotite gneiss. ~Monazite-is concentrated in streaks 
~~adjacent to the contact. 
Material in the breccia shows evidence of tectonic stress. 
No recognizable evidence was found to suggest a sedi­
mentary.origin for the breccia. 

Adamellite gneiss. There is probably some introduced 
quartz wh~ch has rrDdified the gneissic.texture. 
Plagioclase-h~e~ericitized and some microcline 
aP"Pem :Pi"rtly }l~-}i'9tit~ has been .b~ache<!-
and there is a trace of calcite.~~,;-.-~ . 
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P324/76 
TS36306 
MGD 151 
289.9 m. 

S-3 

Myrmekitic ·rock extensivel · altered to montmorillo · te 
1:t was formerly composed of radiating and myrmekitic 
intergrowths of quartz and aibitic plagioclase with 
minor muscovite. Plagioclase has been partly replaced 
by pink-stained mo~e. -:---____..::7 - .... ... -

.. 
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DESCRIPTION OF METAMORPHIC ROCKS FROM DRILL HOLES 

IGD 151 AND BFD 1 MOUNT GEE EAST PROSPECT 

1 • INTRODUCTION AND COMMENTS 

Fifteen drill core specimens from the Mt. Gee East Prospect 
were sUbmitted for petrographic description and, if possible, 
determination of origin. A check for fractured quartz suggestive 
of an astrobleme was also requested. 

Most of these specimens are of metamorphic rock showi·ng some 
evidence of a foliation and they have been classified as feldspathic 
gneiss,- quartz-feldspar-biotite gneiss and adamellite gneiss. In 
the specimens from MGD151 there is generally no definite evidence 
from which to determine their origin and many have been extensively 
replaced by 'sericite' probably including montmorillonite and other 
clay minerals. Locally there is evidence of metasomatic alteration 
resulting in partial replacement by turbid microcline and in the 
breccia from 94.28-94.44 metres (P311/76) this metasomatic, 
microcline-rich rock contains anomalous magnetite (or martite). 

No conclusive evidence was found from which to determine the 
origin of the breccias (P311 and 322/76). 

The specimen from BFDl (P310/76) is of feldspathic gneiss 
composed of potash/feldspar, plagioclase and biotite with minor 
corundum in one zone or layer. 

No evidence was found of fractured, deformed or 'shocked' 
quartz suggestive of an astrobleme. 

2. PETROGRAPHY 

Sample P310/76~ TS36292 

Location: 
BFD 1 at 10.2 m. Mount Gee East Prospect. 

Hand Specimen: 
A pale-coloured, medium grained rock with a very weak foliation 
defined mainly by sub-parallel concentrations and/or flakes of 
dark·mica. This foliation dips at a moderate angle assuming the 
drill hole to be verticle. In parts of the specimen there are 
some irregular patches of pale-grey to.very pale~green, fine 
grained alteration P+Oducts. probably clay, and similar 
.material occurs along some fractures •. 
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Thin Section: 
A visual estimate o~ the constituents is as follows: 

Potash feldspar 
Plagioclase 
Biotite 
Corundum (confirmed by 

% 
60-70 
Z0-30 

5-15 (varies) 

XRD) Trace-1 (local) 
Opaque oxide 
Sphene 
Zircon 
Secondary sericite, 

clay & chlorite · 

Trace 
Trace 
Trace 

Z-3 

Potash feldspar and plagioclase form an uneven mosaic in which 
the grain size varies from 0.3 to z.o mm. but there is aiso 
some variation in grain size in different zones in that the 

z. 

area sectioned contains a zone rich in relatively coarse grained 
potash feldspar and a finer grained zone containing more 
abundant plagioclase. Biotite also varies in concentration · 
and grain size with single, small flakes 0.3 to 0.8 mm. long 
occurring along grain boundaries an4·larger flakes up to 4.0 mm. 
long occurring as aggregates in a biotite-rich zone. There is 
very little evidence of a foliation in the area sectioned but 
some flakes of biotite and also s~me elongate aggregates of 
coarser grained biotite show a preferred orientation. 

Much of the plagioclase shows fine twinning and extinction angles 
suggest that it is oligoclase. Most of the twinning in this .. 
plagioclase shows no evidence of deformation. Some potash 
feldspar shows patchy twinning typical of that of microcline but 
most of it is untwinned. Some potash feldspar shows vein-like 
patches of plagioclase resembling vein perthite and at least 
some of this could be a replacement texture. A few feldspar 
crystals are almost mesoperthite. 

In the biotite-rich zone of the rock there are groups of small, 
irregularly shaped crystals of corundum and also a few irregularly 
shaped aggregates of corundum. Much of this corundum has a common 
grain size of 0.05 to 0.1 mm. with a few slightly larger aggregatee 
·and in a few places, small groups of now isolated grains are 
in optical continuity suggesting that the corundum has been 
partly replaced by later minerals. Many of these small aggre­
gates now.appear corroded and Sbme are enclosed or partly enclosed 
by pot.ash feldspar and plagioclase. A few are almost completely 

.. surrounded by biotite. This corundum occurs ·in a band al:out · 
~ ,,;.},. ~ •. o. to 8. 0 mm. wide where it varies :in concentration up· to about 
Y~~4~,f5~2ooA. ·.: The identity of ·the. corund~m was eorifirmed by x~ray ' · · 

•"t ~:<:t·,'~,;:-,;~, .. ,~-r·:;{,(CH' ,•c • • :. • . • • •• · . • ,· • 

•• .. ~~·'·~;·diffraction. 
' .·,·' 

~ . 
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3. 

The rock contains a few small aggregates of recrystallized 
leucoxene, a trace of opaque oxide and a minute trace of zircon. 

Small fractures in the rock contain concentrations of very fine 
grained, micaceous clay-like mineralS and sericite or montmoril­
lonite. Locally there are also traces of very pale green 
chlorite. These micaceous,secondary minerals have corroded and 
encroaChed on the adjacent rock and also occur along some grain 
boundaries and cleavage planes in feldspar. It is possible 
. that some zeolites could once have been present but none could 
be identified. 

conclusion: 
This is a medium or moderately high grade metamorphic rock in 
which there is no definite evidence to show its origin. A 
metasedimentary origin is possible. 

Sample P311/76~ TS36293 & TS36482 

Location: 
MGD 151 at 94.28 to 94.44 m. 

Hand Specimen: 
This length of drill core contains some clasts 3.0 to. 6.0 em. 
in size of pink to brownish-grey rock showing a weak foliation 
and similar in general appearance to sample P312/76 {sericitized 
and chloritized feldspathic gneiss). The foliation direction 
varies in individual clasts being almost horizontal in some . 
and almost vertical in the largest clast. There are also smaller 
fragments of pale-coloured feldspar. The matrix is dark greenish­
brown and it contains numerous vein-like patches of white ~arboP~te 
The larger clasts show a zone of bleaching or alteration at least 
5.0 mm. thick in contact with the matrix. 

Thin Section: 
This is a breccia containing angular and subrounded clasts of 
sericitized quartz-feldspar-biotite gneiss and of coarse grained 
rock composed predominantly of potash feldspar with lesser iron 
oxide and minor biotite. There are also smaller clasts of potash 
feldspar and a few of strained and granulated quartz. The matrix 
is so heavily stained with brown iron oxide that it is almost 
opaque but much of it appears to be partly altered biotite and/or 
chlorite with some later calcite and quartz. 

Some of the larger ·clasts are of moderately fine grained quartz­
feldspar-biotite gneiss containing 2-3% iron oxide. Most of 

.. the feldspar in this gneiss has been replaced by sericitic material 
''or··~,c~y et.~d: ~n''ge'ri~ral appearance this· rock is very similar to 
the 'after:ecf·: fe'idspath'ic gneiss of· sample P312/76. Some of these 
clastS are · but the larges~ clast (6 em. long) . appears 

~. ~<~~·:.z';:;~:~~f~'~;;·~,~ .j,~"' .:£:±H~;~~:;;,, -J~'"'?:J~>1~ '~: ' 

·) 
.• tJ 
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rounded or corroded. ·The outer bleached or altered zone in 
this large clast con~ains little or no sericite and its place 
has been taken by patches of turbid, possibly secondary micro­
cline with a common grain size of O.l to 0.6 mm. and this is 
ne7tli intergrown with some quartz and aggregates of stained and 
altered biotite. Some of the microcline contains scattered 
crystals and aggregates of fine grained iron oxide, probably 
magnetite or martite. There are also a few small aggregates 
of fine grained, recrystallized leucoxene. 

4. 

Some feldspathic clasts in this breccia are composed of very 
turbid, coarse-grained microcline, probably of metasomatic 
origin and this contains crystals and aggregates of iron oxide 
probably magnetite or martite in concentrations of up to 2~fo. 

The microcline also contains some small aggregates of brown­
stained, bleached biotite or chlorite, a few small apatite 
crystals, traces of recrystallized leucoxene and some irregular 
patches of secondary quartz and calcite. It is possible that 
this rock represents metasomatically altered gneiss similar to 
the outer, altered zone of the larger clasts of feldspathic . 
gneiss but at least some appear to contain additional iron 
oxide. Some of this coarse grained rock composed of turbid 
microcline has been fractured and the fragments differentially 
displaced. 

The breccia also contains numerous small ariguiar fragments 
0.1 to 0.6 rnrn. in size mainly of turbid potash feldspar but 
also of quartz and sericite. 

The matrix is very heavily stained by brown iron oxide and 
therefore its exact composition is difficult to determine ~Y 
microscopic investigation. It appears to be predominantly 
partly altered and stained biotite, probably with some altered 
and stained chlorite. Many boundaries between clasts of 
sericitized gneiss and matrix are not clearly defined and it 
is possible that some fragments of gneiss have been partly 
replaced by matrix material. A few interstices contain late 
calcite and some contain late quartz. There are also a few 
small, crystalline aggregates of opaque iron oxide and a trace 
of leucoxene. 

conclusion:· 
This· breccia. is composed predominantly of clasts of sericitized 
quartz-feldspar-biotite gneiss and of metasomatic rock now 
containing abundant turbid microcline and an anomalous amount 

··'" of .. :fran oxide'~.· It is possible that the metasomatic, micro cline­
·. r:i~ii' r_c;>ck represents altered portions of the gneiss as an altered 
' · · · · q:hed· border :ZOne of one large clast shows a· similar · 

. i.£:iori •. The matrix is predomiruintly brown-stained, altered· 

-·. · .... 
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biotite and/or chlorite. There is ~0 absolutely conclusive 
evidence from which to determine the origin of this breccia 
but there is certainly some evidence of tectonic fracturing. 

Sample P312/76: TS36294 

Location: 
MGD 151 at 94.73 m. Mount Gee East Prospect. 

Hand Specimen: 

5. 

Medium grained to moderately fine grained, dull greenish­
grey rock which has a unifbrm composition throughout the 6cm. 
length of drill core. Textures revealed on the cut surface 
suggest a weak foliation. 

Staining with cobaltinitrite shows a relatively minor amount 
of potash feldspar. 

Thin Sect ion: 
A visual estimate of the constituents is as follows: 

Quartz 
% 

3-5 
Extensively sericitized 

feldspar >60 
Iron oxide (probably 

mainly martite) 
Heavily stained chlorite 

3-5 

and biotite 20-25 
Apatite Trace-1 
Leucoxene/sphene · Trace-1 
Calcite veins 1-2 

The minerals in this rock have been extensively replaced by 
sericite and/or fine grained muscovite and in places probably 
also by c~lorite but the former textures are moderately well 
preserved. Many partly sericitized grains contain remnants of 
feldspar and in a few completely sericitized grains there are 
traces of relict textures suggesting former twinning typical 
of plagioclase and it is therefore concluded that much of the 
sericitized silicate was probably plagioclase. Remnants of 
potash feldspar are more abundant and this appears to have 
been more stable under conditions causing sericitization of 
plagioclase. Relict textures show that this was a fairly 
even grained metamorphic rock composed largely of feldspar . 
crystals 0.2 to 0.5 mm. in size intergrown with generally 
minor amounts of quartz of a slightly finer. grain size. The 
percentage of quartz. varies and there is one thin zone or band 

. ,.cC,~_ta~ning more abundani: quartz but whether. this represents. 
·>:c{it;D.re·j:d.liceous layer in metasediment.acy rock or a former.·· 

. ·· .. vein, is not clear. · Virtually.all of the plagiocla_se 



__ ..... 

\. 

has been-replaced by sericite and sericite has also invaded 
and partly replaced some of the potash feldspar. 

6. 

Scattered through the rock there are some aggregates of opaque 
iron oxide 1.0 to 2.0 mm. long and many of these are elongated 
in a direction of weak foliati.on.- Some feldspar crystals and 
crystalline aggregates ar~or were, elongated in this direction. 
The iron oxide occurs in two distinctly different grain sizes 
with only a few relatively large aggregates of coarse grained 
hematite (probably oxidized magnetite} and a larger proportion 
of finer grained iron oxide. Much of the finer grained iron 
oxide occurs in interstices and along grain boundaries and it 
is possible that it crystallized at a later date. 

Throughout most of the rock there are concentrations of brownish, 
limonite-stained chlorite and/or fine grained biotite in inter­
stices and along most grain boundaries. Much of this micaceous 
material is very fine grained and it is possible that it has 
crystallized as a result of some form of metasomatic alteration. 
In places where this fine grained, interstitial micaceous 
material is heavily stained by brown iron oxide, it is almos~ 
opaque and its exact identity cannot be determined. Some 
interstices in these zones also contain small patches of 
calcite and the area sectioned contains portion of a small, 
discontinuous calcite vein. 

Small crystals of apatite up to 0.3 mm. in·size are scattered 
through the rock and there are a few small aggregates of re­
crystallized leucoxene. 

Conclusion: 
This is a sericitized and possibly also chloritized metamorphic 
rock which was probably a feJdspathic gneiss. It is now 
more of less heavily stained by limonitic material which has 
obscured many features. 

·Sample P313/761 TS36295 

Location: 
MGD 151 at 256.3 m. 

Hl'!nd Specimen: 
A moderately coarse grained rock composed of white quartz, 
a very pale green 11WaXy11 clay mineral and_~ome biotite. 
Some portions of the rock. show·a weak foliat16n defined 
by preferred orientation of biotite. but this is not apparent 
throughout the specimen. - The roc~~ is cut by one s..n_all 

., .;.<{'_~i':~;;""-t'if:•\,~p,~~f~J:lg, pl~me o:r.- frac:ture a~-ong which there are trace amounts 
·- :·: ::_ ;+ <:-:-: r:·\i:;;;r:~: .. ,: . , ,-: . 

---



of a white mineral resembling qypsum. 

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

Quart 
Microcline 
Biotite 
Clay minerals 
Zircon 

% 
40-50 

5-10 
15-20 
?0-40 
Trace 

The rock now contains some irregularly shaped aggregates 
several millimetres in size of r.oarse grained quartz inter­
grown with patches of clay and aggregates of biotite.. There 
are ·a few rem..TJ.ants? of .microcline generally closely inter­
grown with some of the biotite.. The clay minerals have 
clearly pseudomorphous ly replaced an earlier silicate which 
was intergrown with the quartz and biotite, and, although 
there are no relict textures fro!!t which to identify this 
mineral it was most likely a feldspar. Some areas_of clay 
contain numerous flakes of musc:"ovite showing sub-parallel 
orientation and also a few small quartz inclusion.. In 
some areas there are aggregates of biotite showing sub­
parallel orientation intergrown with minor amounts of much 
finer grained quartz and microcline with a ·co~mon grain 
size of 0 .. ? to 0.6 ~. 

Some of the coarser grained quartz contains inclusions or 
encloses some biotite and also very rarely some finer grained 
microcline and it is possible that this coarse grained quartz 
has either migrated and recrystallized or has been introduced 
into a formerly finer grained, gneissic rock. 

conclusio::m: 

7. 

This was either a granitic roCk or a biotite-bearing gneiss 
which was invaded by migratory quartz. Alteration (probably 
hydrothermal) has resulted in replacement of practically 
all feldspar by clay minerals. 

Sample: P314/76: TS36296 

Location: 
MGD 151 at 266.5 m. .. 

Hand Specimen: 
· - ... , ~"~ssft.v~, dull yellowish-green· to olive-green rock composed 

.... :··,·,.;largely of moderately coarse grained bio:tite. Through this 
·.~.'mass:. of~ . biotite there a_re patches of very pale-green, 



translucent and ''waxy .. clay 3.0 to 8.0 mm. in size. There 
is no evidence of a·foliation in the hand specimen. 

a. 

At the lower end of the drill core sampl~ an irregular joint 
surface shows evidence of alteration which has resulted 
in the deposition of some soft,. white to very pale-pink 
minerals probably including some zeo~ite. 

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

Biotite 
Muscovite/sericite 
Clay minerals 
Zircon 
Leucoxene/sphene 
Calcite 

% 
60-65 

2-3 
30-35 
Trace 
Trace 
Trace 

MuCh of the rock is composed of intergrown biotite flakes 
2.0 to 3.0 mm. long and, although the hand specimen did 
not show any recognisable-evidence of a foliation, in thin 
section much of this biotite shows a preferred orientation 
suggesting a direction of foliation. Scattered through 
this mass of biotite there are round to oval and irregularly 
shaped patches of clay 3.0 to 6.0 mm. in size which show . 
peculiar patterns resembling those of altered olivene, however, 
this clay does not show other features commonly found in 
altered olivene and it is thought that the mineral replaced 
was probably not olivene. One of these areas of clay 
contains two small crystals of very pale-pink zircon 0.1 to 
0.2 mm. in size and a few similar zircon crystals are present 
in some biotite where they are surrounded by haloes of bright 
yellow coloration in the biotite. One area of biotite contains 
a few very small inclusions of a pale green mineral and these 
are also surrounded by yellow, pleochroic haloes. 

Some zones of biotite have been altered and partly replaced 
by very fine grained sericite and minor amounts of coarser 
grained muscovite and, although these secondary micaceous minerals 
occur mainly in interstices they have locally corroded, veined 
and partly replaced some flakes of biotite. In one more 
extensively sericitized area there is some very fine grained 
calcite associated with traces of a very fine grained, dark 

.mineral. . 
. t:;_:·-:·;-;·. r; .,·: 

·In one area of .the section some patches of clay contain appar­
.,_,{.~,;{faAtlyi;_um:t.l:t.ered remnants of an earlier mineral with moderately 
"': . . · -~-'- :1.. -,~1·:··.·· .. -~ ·:·:. "\~''"''! '•)'!:' .' --~- . - ' . - . . . .' . . ' 

•,J,d~;'ge>(>d}1~cleavage· and· straight extinction' and although, this cannot 
·• f.: .. ,.i_a~e~t.ified· with certainty it· is p~~sibly scapolite. · . 



conclusion: 
This is a metamorphic rock probably of basic composition in 
which practically all feldspar and/or scapolite? have been 
replaced by clay minerals. The thin section shows some 
evidence of a foliation not apparent in the hand specimen. 

9. 

It may have been a basic igneous rock but contains a few small 
zircon crystals which are not commonly present in basic igneous 
rocks. 

Sample P315/76; TS36297 

Location: 
MGD 151 Sm. 

Hand Specimen: 
Portion of the drill core is of a medium to fine grained, biotite­
bearing gneissic rock and this has apparently been fractured 
and invaded by metasomatizing solutions which have resulted 
in bleaching and alteration and in one zone there is now 
a mass of coarser grained, pink feldspar associated with some 
clay. A relatively recent fracture or vein contains additional 
quartz and white clay. 

Thin Section: 
Some parts of the unaltered gneissic rock are composed pre­
dominantly of intergrown biotite and quartz, probably with 
varying amounts of feldspar, although insufficient of the fresh 
rock is included in the section to determine this accurately. 
Much of the biotite shows sub-parallel orientation defining 
the foliation and some quartz is also elongated parallel to 
this direction. There are a few small grains of zircon. 

In one of the partly altered zones of gneissic rock, potash 
feldspar is now more abundant and most of the biotite appears 
freyed, corroded and bleached and numerous small remnants are 
now included within some of the potash feldspar. Elongate 
groups or aggregates of fine grained,recrystallized titaniferous 
material which has probably been released from the biotite, is 
now included in some of the potash feldspar and is. associated 
with some of the partly altered biotite. Some of this feldspar 
shows twinning typical of microcline and locally it is cut by 
very. small quartz veins. In the hand specimen this micro cline­
bearing, altered gneiss grades into t}?,e·. zone containing coarser 
grained potash feldspar but thi-s coarse ·grained zone was not 
included in the thin section. This ·zone of altered gneiss 
contains bleached and altered remnants of biotite in an 
abundance of secondary potash feldspar it also contains scattered 

. ~-:·crystals and aggregates of .. iron oxide (2-3%). and one aggregate· 
. of -monazite?. 



10. 

The metasomatically altered gneissic rock is in sharp contact 
with a vein or zone ~f apparently intrusive material now com­
posed of fine grained quartz and sericite with a few small 
remnants of biotite and very few grains of zircon. This 
contains a few larger patChes of sericite and quartz up to 
0.8 mm. in size and almost certainly it also represents corroded 
and metasomatically altered rock but it appears to have 
differed in composition and texture from the biotite-bearing 
gneiss. 

Conclusion: 
This was a quartz-feldspar-biotite gneiss containing moderately 
abundant biotite which was fractured and was locally, extensively 
altered by metasomatizing solutions. In some zones this 
alteration has resulted in extensive replacement of the gneissic 
rock by potash feldspar and, in more extreme conditions could 
possibly result in the development of a "granitic" or "pegmatitic" 
rock. The full history has been rather more complex than this 
with probably some additional fracturing and alteration. 

Sample P316/76; TS36298 

·Location: 
.:: MGD 151, 6. 7 m. 

Hand.Specimen: 
A coarse grained rock containing up to 5~~ quartz intergrown 
with pale pink crystals of altered feldspar up.to 8.0 mm. in 
size and some darker reddish patches of clay-like material 
which were found in the thin section to show many similarities 
to sericitized plagioclase. 

Thin Section: 
Because this rock is very coarse grained and the area sectioned 
may not be representative an estimate of the relative proportions 
of the minerals present would have little meaning. 

Quartz now occurs as irregular patches and aggregates to over 
10.0 mm. in size and almost certainly some of this quartz 
is secondary and has partly replaced the earlier rock. In 
one area some of this quartz contains corroded remnants of 
turbid and partly altered microcline? and also an aggregate 
of iron oxide associated with some sphene. Clearly some 
feldspar has been replaced by this quartz. 

_In· other. parts of the section finer grained quartz (2.0 to 3.0mm) 
· · ... · .. ~:--' i' · ~tergrown with crystals of a former mineral which has been. 
· .. -:~··~· ... ~-~·jf~ii\i-~~tlc!~ari>y-·· sericite and this, in: turn. has'· been stained by very 

hematite •. · Some. reli,ct. textures in the sericitic 
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material suggest for~er cleavage planes o~ twinning planes 
and almost certainly this represents altered plagioclase. The 
rock also once contained some biotite flakes or aggregates uo 
to 6.0 mm. long and these have been replaced by white mica, 
clay and leucoxenic material stained by varying amounts of brown 
iron oxide. The texture of the former biotite has been moder­
ately well preserved. 

Conclusion: 
All the evidence in the hand specimen and thin section indicates 
that this is an altered granite or adamellite. 

Sample: P317/76~ TS36299 

LocatiQn: 
MGD 151, 10.3 m. 

Hand Specimen: . 
A medium grained, gneissic rock composed of quartz and altered 
feldspar and showing a few larger porphyroblasts? of pink. 
feldspar over 10.0 mm. in size. Stai.ning tests showed that 
these larger crystals are of potash feldspar. Much of the 
feldspar has been altered and stained dull red by very fine 
grained iron oxide and the remaining feldsp~r is salmon pink. 
The foliation dips at a moderate angle assuming that the drill 
hole is vertical. 

Thin Section: 
A visual estimate of the constituents determined from the 
thin section and the hand specimen is as follows: 

% 
Quartz 25-30 
Microcline 30-35 
Sericitized plagioclase 25-30 
Partly altered biotite 5-10 
Iron oxide Trace-! 
Zircon 
Muscovite 

Trace 
Trace 

Quartz and feldspar or altered feldspar crystals commonly 1.5 
- 3~0 mm. in size are intergrown with smooth to slightly curved 
grain boundaries giving a textu~e typical of that of metamorphic 
rocks.· Biotite and altered biotite occur as elongate aggregates 
mainly_along grain boundaries and these aggregates are sub-
parallel to the foliation, although the constituent flakes vary. 
iii,()f~~~~ati.on.' Some of the quartz also occurs as elongate 
a~gregat_e's ·parallel to the foliation and-·tnany of the feldspar 
·crysta~~·are·also slightly elongated in this direction. The 
&~ection:includes portion of_a.large porphyroblast of microclip.e 

' ' ; ~ ' .· ' 
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12.0 mm. in size and· this contains a few inclusions of quartz 
and a few very small inclusions of sericitized plagioclase. 
mainly near the boundary. The large. porphyroblast is cut by 
numerous small ?tension joints which are almost at right angles 
to the direction of foliation and these contain traces of 
sericite or clay. There are a few small zircon grains occurr­
ing mainly in aggregates of biotite but one small crystal was 
found included in altered feldspar. 

All of the plagioclase has been completely replaced by 
ser~cite with minor amounts of slightly coarser grained musco­
vite but this fine grained mica has retained relict textures 
probably inherited from the lamellar twinning in the plagioclase. 
The external shape of these former crystals is clearly preserved 
even where smaller crystals are included within microcline. · 
Small amounts of very fine grained, dark red iron oxide are 
present throughout the sericitic material and in places this 
iron oxide also outlines former twinning planes and/or cleavage 
planes. Some of the microcline also shows evidence of alter~tion 
in that many crystals show some more turbid zones in which there 
is less evidence of a typical microcline twinning and in a few 
places this apparently altered microcline contains some very 
fine grained iron oxide inclusions • Some of the biotite has 
been bleached and/or partly altered mainly to white mica, iron 
oxide and recrystallized titanium oxide but· locally some 
remnants of altered biotite are :included within a little 
migratory quartz. 

Conclusion: 
This is either a porphyroblastic adamellite gneiss or a gneissic, 
porphyritic adamellite. It has been altered by hydrothermal? 
solutions resulting in the complete replacement of plagioclase 
by sericite and iron oxide and also minor alteration of potash 
feldspar and biotite. 

Sample P318/76; TS36300 

Location: 
MGD 151 at 14.1 m. 

Hand Specimen: 
An extensively altered rock containing quartz, altered feldspar 
and clay,.mostly heavily stainea by_iron oxide. ·There is 
evidence of a foliation dipping at a moderate angle similar 

. t'! that in sample P317/76 (at 10.3. _m)~ This sample also shows 
.. :. :·~'i~:.~:_. ~-;:~~in band of finer grained material parallel to the foliation 

'· ;,'> .:~~.i;~.' i~ probably mat~ial formed oi· deposited along a vein 
·:' oint~. · 

.. 
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Thin Section: 
This is essentially very similar to Sample P317/76 and therefore 
it will not be described in detail. .It is possibly coarser 
grained and in this portion of the rock practically all of the 
biotite, as well as all of the plagioclase, have been altered 
although former textures are well preserved. The plagioclase 
has been replaced by sericite and most of the biotite has been 
replaced by white mica and some iron and titanium oxides. 

This differs from Sample P317/76 in that the textures suggest 
some replacement reactions between quartz and microcline. 
Some patches of quartz are extensively veined and corroded and 
have been partly replaced by very turbid microclin~some of which 
contains scattered, small crystals of iron oxide, probably 
magnetite or martite. Some isolated patches of quartz within 
this microcline still remain in optical continuity and appear 
to have been parts of a strained an incipiently granulated mass 
of quartz. In another area, however, reactions along a boundary 
between quartz and microcline appear to have resulted in som& 
invasion of the microcline by quartz which has penetrated along 
cleavage planes and small fractures and another area of quartz 
contains a few small and apparently corroded remnants of micro­
cline, although this interpretation is doubtful. 

Conclusion: 
This is an extensively altered granitic or adamellite gneiss 
or gneissic adamellite similar to and probably related to 
Sample P317/76. All plagioclase has been replaced by sericite 
and there is also evidence of some reactions involving quartz 
and microcline with the development of patches of very turbid 
and probably secondary microcline in some zones. Biotite 
has been more extensively altered than in Sample P317/76. 

Sample P319/76; TS36301 

Location:· 
M3D lSI at 24.3 m. 

Hand Specimen: 
An extensively altered,greyish-pink granitic or gneissic rock 
whiCh is similar to Samples 317 and 318/76 but shows practically 
no evidence of a foliation. Clay minerals appear to be 
more abundant. 

Thin Section: · · 
Th;s,,J¥ .. ,~imilar to specimen Jl8/76 in. texture and grain size 

· · and:;il'l::(~he ocCurrence of quartz and sericitized plagioclase 
.. ·but' it differ's, from P318/76.· in that m~ch of the microcline 

has· al$.Q~:l?~en: ~tensively altered and has been replace by clay 
-,..,,. .. ,.., ... c:;Lls''·':~~ti::~ite and locally by some moderately fine grained 
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quartz. Biotite has. been compl.etely replaced by white mica 
stained by iron oxide. Some quartz grains are surrounded by 
irregular fringes of secondary overgrowth quartz which has 
penetrated the surrounding, altered feldspar. 

conclusion: 
This is a granitic rock or adamel.lite or possibly adamellite 
gneiss, almost certainly related to samples P317 and 318/76 
but it shows more extensive alteration of the feldspars in 
that much of the microcline as well as all plagioclase has 
now been replaced by sericite and clay minerals. 

Sample P320/76; TS36302 

Location: 
MGD 151 at 38.2 m. 

Hand Specimen: 
A medium grained rock similar to P318 & 319/76 and showing 
evidence of only a very weak foliation almost parallel to. 
the drill core specimen. It is composed of quartz, pink 
feldspar or altered feldspar and grains which have been 
replaced by very pale green sericitic material or clay. 

Thin Section: 
This is similar to specimens 318 & 319/76 in that it contained 
intergrown quartz, plagioclase and microcline with a common 
grain size of 2.0 to 6.0 mm. with lesser amounts of biotite 
occurring mainly along grain boundaries and trace amounts of 
zircon and opaque oxide. All plagicx:: lase has been replaced 
by sericite but the external shape and some evidence of internal 
cleavage or twinning have been preserved. Much of the micro­
cline had remained unaltered and the larger crystals contain 
a few inclusions of quartz and of sericitized plagioclase. 
Some of the rnicrocline however shows patches or zones of much 
more turbid !material in which there is now little or no 
evidence of typical rnicrocline twinning. Biotite has been 
only partly altered to white mica and clay stained by iron 
oxide. Most of the remaining biotite however appears bleached 
and partly expanded • 

There is practically no evidence of a foliation in the thin 
section but in one area much of the biotite shows a preferred 
orientation and this is probably the direction of foliation 

·"·~~~;:t~d in -~he hand specimen. 

'or . joint cuttihg the rock. has been filled by 
.~..~ ..... ,.~ ..... ·tic.; material. -



15. 

Conclusion: 
This is an adamellite showing evidence of a very weak foliation. 
All plagioclase has been replaced by sericite but potash feldspar 
and biotite have only been partly altered. It is almost certainly 
related to specimens P316 to 319/76. 

Sample P321/76; TS36303 

Location: 
MGD 151 at 45.4 m. 

Hand Specimen: 
An altered and iron oxide-stained rock containing some zones 
composed of relatively minor quartz and pink to red-stained 
clay and altered feldspar. These are separated by numerous 
large vein-like patches containing vuggy quartz associated 
with pale pink-stained clay. Because of the amount of 
alteration it cannot be certain from the hand specimen whether 
this is a fragmental rock or a fractured and sheared rock. 

Thin Section: 
The host rock contains intergrown quartz, microcline, zones 
which have been replaced by sericite·and minor amounts of 
opaque oxide and apatite. In less altered areas some relict 
textures resemble those in the previous specimens of adamellite 
or adamellite gneiss but in other areas the sericitic material 
shows evidence of deformation, shearing or crumbling and more 
extensive staining by fine grained iron oxide. There are a 
few small remnants of biotite but most of the altered biotite 
has also been deformed or sheared and is now barely recognisable. 

The fractured and sheared rock has been invaded by solutions 
from which abundant quartz has crystallized and much of this 
tends to form parallel and radiating crystals. Minor amounts 
of microcline are intergrown with this quartz adjacent to its 
contact with the sheared and altered adamellite and there are 
also scattered small patches of sericite and clay. 

Conclusion: 
By comparison with specimens from shallow depths it is concluded 
that this is a sericitized, fractured and sheared adamellite or 
adamellite gneiss ana this has been invaded by solutions from 
which abundant quartz has been deposited in fractures and 
interstices. Most of the silicate which was intergrown with 
this quartz has been replaced by clay but there are minor 
remnants of microcline. 

-··,;:, ~ ' -.. ' 
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Sample: P322/76; TS36304 

Location: 
MGD 151 at 150.2 m. 

Hand Specimen: 
The lower portion of the drill core sample is of medium grained 
gneiss composed of quartz, feldspar and mica and the well 
defined foliation is dipping at a low angle, assuming the 
drill hole to be vertical. The other part of the sample 
is a fragmental rock or breccia containing clasts of quartz 
and feldspar in a darker matrix which contains moderately 
abundant altered and stained biotite. The contact between 
the gneiss and breccia is sharply defined and also dips at 
a moderately low angle. Adjacent to the contact the gneissic 
rock appears to contain more abundant pink feldspar, probably 
microcline. 

Thin Section: 
The gneissic rock is composed of quartz, microcline, some 
sericitic patches which may have been plagioclase and thin 
layers or elongate aggregates containing partly altered and 
stained biotite associated with some secondary white mica·. 
At. distances of 4.0 and 8.0 mm. from the contact streaks and 
thin bands containing altered and stained biotite also contain 
numerous crystals of monazite, 0.1 to 0.4 mm· in size, as well 
as a few small zircon crystals. This zone also contains scattered 
patches and small veins of calcite, some of which has partly 
replaced feldspar. 

The actual contact is very sharply defined but irregular with 
numerous small angular projections and the general appearance 
suggests a fractured surface. Adjacent to the contact the 
breccia contains an abundance of deformed, chloritized and 
altered biotite which is now heavily stained by iron oxide 
and this concentration of biotite varies in thickness from 
less than 0.1 mm up to 2.0 mm. The remainder of the breccia 
contains clasts of quartz, quartz-microcline, deformed biotite 
and some clasts now composed of sericite in a matrix containing 
sericitic_ material and calcite. One of the larger clasts 
composed of quartz and minor microcline, shows evidence of 
strain, fracturing, granulation and partialrecrystallization 
and clearly it has been subjected to considerable tectonic 
stress. Many of the flakes or clasts of mica are bent or 
fractured and extensively defo~ed. 

Conclusion: 
The sample contains breccia in contact with underlying quartz­
feldspar-biotite gneiss and in a zone adjacent to the contact 
the gneiss contains an anomalous amount of monazite. Material 

.I 
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in the breccia shows.evidence of tectonic stress but no 
recognizable evidence to suggest a sedimentary origin. 

Sample: P323/76~ TS36305 

Location: 
MGD 151 at 151.1 m. 

Hand Specimen: 
A medium grained rock composed of quartz, some feldspar 
and dark mica. There is a weak foliation almost parallel 
to the length of the drill core specimen but this appears to 
have been somewhat modified and obscured by irregular patches 
of coarse grained, possibly migratory or introduced quartz. 

Staining with cobaltinitrite shows an uneven distribution of 
potash feldspar in that it is more abundant towards the upper 
portion of the specimen. 

Thin Section: 

17. 

This is a moderately coarse grained rock which, in some places 
is composed of intergrown quartz, microcline and a sericitized 
feldspar showing relict textures suggesting that it is altered 
plagioclase. Some deformed and partly altered biotite occurs 
along thin bands and in elongate aggregates which define the 
direction of foliation. In some areas there are large patches 
of coarse grained quartz which appear to have invaded and partly 
replaced the rock. Some of this quartz encloses remnants of 
biotite. 

Some of the biotite aggregates contain scattered, partly 
metamict zircon grains up to 0.3 mm. in size. 

Conclusion: 
This is an adamellite gneiss in which plagioclase has been 
replaced by sericite and some microcline also appears partly 
altered. Some biotite has been bleached and most of it has 
been slightly altered. There is some migratory or recrystallized 
quartz which has modified the earlier gneissic texture. 

Sample P324/76; TS36306 

• 
Location: 

MGD 151 at 289.9 m. 

Hand Specimen: 

A pale pink to pale brown, fine grained rock with numerous 
altered patcheS now composed of pink-stained clay. This clay 

. ,. . . .. .. : :; -~ ... 
.': ,,. . .. ·. :._.:.·· 
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swells on contact with water. 

Close examination of the unaltered parts of the rock show some 
poorly defined spherulites or spherulitic structures 2.0 to 4.0 
mrn. in diameter and at least some of these have an internal 
radiating texture. 

X-ray diffraction: 
One of the spherulites was found to be composed of quartz 
and montmorillonite. 

An X-ray diffraction trace of portion of the rock gave the 
following results. 

Quartz 
Montmorillonite 
Calcite 
Albitic plagioclase 
Muscovite 

Thin Section: 

Dominant 
Sub-dominant 
Accessory 
Accessory 
Accessory 

In addition to themineralsidentified by X-ray diffraction 
the thin section shows a trace of microcline. 

This rock was formerly composed largely of myrmekitic and 
radiating intergrowths of quartz and albitic plagioclase and 
optically continuous quartz in these intergrowths is generally 
of the order of 2.0 to 3.0 mm. in size. Much of the plagioclase 
has been replaced by extremely fine grained'sericitic'material 
identified by X-ray diffraction as montmorillonite but the 
former myrmekitic texture has been clearly preserved. In a 
few areas the plagioclase and/or montmorillonite has been partly 
replaced by calcite. 

A few flakes ofmuscovite, 0.5 to 1.0 mm. in size, are scattered 
through the rock, and a few of these have been bent or otherwise 
deformed. Some are associated with coarse grained quartz which 
occurs in interstices between a few spherulites or myrmekitic 
intergrowths. A trace of fine grained sphene or recrystallized 
leucoxene is associated with some muscovite. 

Conclusion: 
As this rock was composed predominantly of myrmekitic intergrowths 
of quartz and albitic plagioclase it has been classified as 
rnyrmekite. It is not clear whether these two minerals crystallized 
from intrusive material or whether the rock is a result of some 
complex replacement reactions • 
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