R T Russell, Honours thesis 1957

The structure and petrology
of rocks close to the Broken
Hill Lode.

Supervisors: B R Lewis, E A Rudd



CONTENTS

SUMMARY
INTRODUCTION
ACKNOWLFEDGEMENTS

PART T
THE STRUCTURE OF THE BROKEN HILL MINTING AREA

1. FARLY OPINIONS ON BROKEN HILL STRUCTURES,
C. W, Marsh
E. Ce Andrews
Sir Douglas Mawson
E. S. Moore

2« THE WORK OF E,C. ANDREWS, 1922
3. THE CENTRAL GEOLOGICAL SURVEY

General Rock Succession and Stratigraphy
The C.G.S. Structures

&8s Folding
b. Faulting

4, DEVELOFMENT OF STRUCTURAL IDEAS SINCE C.G.S.

5. RECENT WORK AT BROKEN HILL SOUTH LTD,

The Rock Succession
Explanation of Cross-sections
The Structure of the Area

In Conclusion

PART 1T
PETROLOGICAL ASSTISTANCE IN SOLVING BROKEN HILL STRUCTURES

1., THE PROBLEM OF THE POTOSI GNEISSES

2, THE HANGING WALL GNEISSES

3. A STUDY OF BROKEN HILL APLITES

PART III
A DISCUSSION OF THE ORIGINS OF ROCKS CLOSE TO THE MAIN LODE

1, BANDED IRON FORMATION
2. AMPHIBOLITES CLOSE TO THE MATN LODE

3. THE SILLIMANITE GNEISSES

4s SERICITE SCHISTS

5. THE PLAGIOCLASE "“QUARTZITES"

6. THE ORIGIN OF THE POTOSI GNEISSES

7. THE ORIGIN OF THE HANGING WALL QNEISSES




SUMMARY

The thesis consists of a review of Broken Hill
"mine area" structure and the Archean stratigraphy on which
it is based. A fourfold division was made,

Part I

This contains a review and discussion of the
structural geology close to the main lode. The concept of
"en echelon" folding as opposed to "parallel" folding (advocated
by past geologists) was introduced in the latest structural
interpretations

Part IT

The second section is a comparative petrographic
study of several local "marker horizons" at Broken Hill.
viz.,
Potosil Gneiss
Hanging Wall Gneiss
Aplite

The recognition of several distinct horizons of each of
these rock types was stressed in Part I. Potosi-like gneisses
occur at three separate stratigraphic levels, and the Hanging
wall gneisses at two. A microscopic examination led to the
conclusion that these rock types are petrologically different,
The aplites and "quartzites" collected from widely separated
sources were studied with a view towards a posslible petrologicsal
correlations Such was not possibles

Part III
The petrogenesis of several structurelly important
rock types was reviewed, Namely,

Banded Iron Formation
Amphibolite
S8illimanite Gneies
Sericite schist
Plagioclase "quartzite"
Potosl Gneiss

Hanging wall Gneiss

A microscopic study provided information for a
reapprailsal of petrogenetic ideas. The role of metasomatism
in the genesis of sericite schist, Potoel Gneiss, "quartzite"
and Hanging Wall Gneiss was stressed, as opposed to a "dry
transformist" approachs On the other hand, the amphibolites
were regarded as originally igneous bodies that has suffered
intense metamorphism with a lesser degree of metasomatism,
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Banded Iron Formation and sillimanite gneiss were undoubtedly
sedimentary rocks prior to metamorphism,

Part IV

Part IV consists of thin section descriptions which
provided data applied in Parts II and III. A divieion was made
into Part II thin section desecriptions and, secondly, those
specimens and rock suites used in the study of rock origins,

The correlation of the granitic-type gneisses
(Part II) was satisfying enough, but conflicting evidence as
to their origins still leaves room for much speculation. The
answer must lie in shrewd observation of field relationships
that may be exposed by future exploration and developments
The application of sounder chemical principles to such processes
as metasomatism and grenitisation is also desired. Controversy
concerning the origin of these rocks will not cease until
theories of "wet" and “dry" diffusion and suchlike have been
clarified by indisputable experimental evidences



INTRODUCTION

Of necessity, structural interpretations will change
radically in any region as new facts concerning the rock succession
come to light, This has been the case at Broken Hill, where
diamond drilling, continued mining development, geophysical
surveying and more detailed surface mapping are constantly compiling
new and important structural datae '

The first major attempt at solving the complex
Pre-Cambriasn structure in this area was mede by the New South Wales
Geological Survey, directed by E. C. Andrews. The Department of
Mines published his splendid account of the district in 1922,
Petrological research which accompanies this volume was carried
out by W Re. Browne and F, L. Stillwell, Browne described the
rocks of the distriet, excluding those close to the lode, whilst
Stillwell studied those rocks in t he immediate vicinity of the lode,

E. J. Kemny, who has been assistant geologist to Andrews,
published a further contribution to Broken Hill structure in 1932,
Thie publication entitled, "The Broken Hill Lode - its Geological
StructureY, presents an interesting review of past opinionms,
followed by a diagnosis of the problem by the authore

In 1936, the principal mining companies, North Broken
Hill Ltd.,, Broken Hill South Ltd., and the Zinc Corporation Ltd.,
organised the Central Geological Survey, consisting of three
geologists - J. K. Gustafson, He C« Burrell and M. D. Garretty.
They set about the task of mapping all accessible undergmound
workings and re-mapping the surface in intimate detail, This
concentrated and systematic attack provided much valuable data
from which a complete overhaul of the geological structure could
be made. Their findings, published by the Geological Society of
America in 1950, is a concise account of Broken Hill geology, and
represents a milestone,

This interpretation has not been altered materially since
1939, and most exploration drilling has been based on it. However,
Be Re Lewis (1957) has suggested that in the light of mnew evidence
this interpretation might be widely in error. 'The (Central
Geological Survey interpretation hes b een rejected on the grounds
of faulty structural concepts and an insufficient knowledge of
the detailed stratigraphye.

It is proposed in this thesis to review these concepts
of structure in the mine area, particularly those of Andrews, Kemny,
Gustafson and Lewis. This study has not been extended to a regional
structural review. It does, however, involve a discussion of the
stratigraphy and general rock succession, on which any structural
interpretation must necessarily be dependents OFf specific interest



e 2o

to the geologist here are certain horizons of lensy granite
gneiss, granulite and aplite which have been placed in different
horizone on the basie of recent stiructural ideae. These rocks
have been studied microscopically in some detall, and conclusions
made on the possibility of alloting them to separate stratigraphie
positions,

A major problem in any attempted correlation of structure
along the line of lode has been the absence of a suitable
"marker! horizon or "Key bed". The sedimentary sequence at
Broken Hill consists of a monotonously similar group of intercala=
ted argillites and arenites, Intense regional metamorphism and
metasomatism have converted these sediments to garnet~biotites
gillimanite schists and gneisses, sericite~biotite=felspar
schists and feldspathic guartzites of such a repetitive and
discontinuous nature that none can be used as a "marker" horizone
Granitic gneisses, amphibolites, aplites and granulites also
ocecur in the sequence, interbedded with the metamorphosed
sediments., These latter rocks are potential marker horizons,
and as such are deserving of special study. A knowledge of the
origin of such rocks would be of some assistance to the
structural geologist even though it may not have a direct effect
on structural interpretation. A petrological study of many
Broken Hill rock types was undertaken in an attempt to throw
further light on this question of origin. Petrogenesis is
always controversial, and for various reasons the Broken Hill
rocks have been subject to more than their share of controversy
and dogmatic assertion. Combined petrological and accurate
chemical studies have rarely proven conclusively the origin
of these rock types, and inconclusive field evidence has been
of 1little helps With this in mind, the problem was tackled with
the idea of reviewing all the possible modes of origin as propound-
ed by others, bringing up to date the ideas stemming from more
recent field observations, and, 1f possible, of adding any new
microscopic evidence to the list of pros and consg.

The latter portion of the thesis consists of thin
section descriptions. These are purely factual, and no comments
on genetic implications have b een included in this sectione
A section showing the location of rock specimens completes the
thesis,
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rock belts. The lode was regarded as a replacement mass

along & fissure, and as replacement along weak layers in

schisty corrugations. The shoots were likened to saddle reefs.
The stratigraphic sequence had not been established, and
structure wes largely based on lode shapes from mine and surface
€XposSures,

Sir Douglaes Mawson
Sir Douglas Mawson in 1912 noted the eaddle-—shaped

cross-sections of the lode, but observations on rock structures
in the vicinity of the lode led him to conclude that the
gtructure of the ore body followed that of the folded adjacent
schists and gneisses, Mawson made a comprehensive study of
district rock types. He suggested that the bulk of these

were sedimentary and of Pre-Cambrian age, because of their
relationship to overlying Torrowangee tillites of Proterozoic
age., These older rocks, which include the sequence close to
the lode, were Archaean in age, and were known as the Willyama
Seriess

Mawson recognised amphibolites, gneisses, granites
and schists, and mentioned also the quartz-feld-spar gneisses,
cordierite gneiss, garnet-silliminate-gneiss and others,

E. S. Moore

E. S. Moore in 1916 wrote a further contribution to
Broken Hill geology. He was of the opinion:that the apparent
conformable disposition of ore and enclosing rock suggested an
origin of the ore by selective replacement of a favourable folded
horizon. More data were available at this stage on the rock
types, and some attempt to divide the granitic rocks hadb een
mades Moore discussed amphibolites, granitic gneisses,
pegmatites, diabase and basalt dykes, quartzites and sillimanite
gneisses, Larger structures were tentative because rock
correlation had not advanced to any great extent,

2., THE WORK OF E. C. ANDREWS, 1922

Andrews,. in 1922, published a complete summation up
to that time of all geologlcal knowledge concerning Broken
Hill, Nearly every facet of the geology of this district was
discussed in some way. Petrological studies of many Broken
Hill rocke were made by W. R. Browne and F. L. 8tillwell, and
no stone was left unturned in an endeavour to record and make
use of all availsble data., The final review, published by the
Department of Mines under the title, "The Geology of the
Broken Hill District", was & magnificent work, and has been 8
source of constant reference for future geologists working
in this district,
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Although the rock succession was not solved by
Andrews, the rock types themselves were carefully named and
described in some detail, In several cases a tentative
correlation was attempted, but the complexity of structure
away from the lode, and local variations in lithology
proved of g reat difficulty to Andrews., He suggested that
a more detailed mapping in the future would enable the

complex structures to be solved.

Andrews was impressed by the complexity of
folding. He speculated about severe overturning of folds,
and the ornamentation o? larger folde structures with secondary
and tertiary folds on the limbs., Rock masses had been
stretched and compressed so that in places severe rock
flowage had occurred. Plastic flow was a feature of the
folding, This flowage was accompanied by marked thickening
of the tops of arches and by the stra&tching-out of fold

limbs,

The folds were, on a minor scale, close and
isoclinal, often asymmetrical., Larger structures were puckered
and corrugated. The weaker beds, notably the sillimanite
gneisses and thinly bedded quartzites, were markedly drag
folded against massive beds such as granite gnelss, amphibolite,
aplite and pegmatite. These abovementioned larger structures
were a group of complex, irregular basins. They were connected
by ridgea and zones of rock flowage and dislocation. These
basins and adjacent arches were not mapped in any detail by
Andrews and associates, Andrews recognised three major

structures in the vicinity of the main lode:=

Hanging wall Basin
Broken Hill Basin

Broken Hill Arch
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The Broken Hill Basin was supposedly 20 miles
long and at a maximum, 4 miles in width. It was folded isoclinally
and the general inclination was to the north-west. This basin
was separated from the Hanging wall basin by a zone of crush
and flowage and the main Broken Hill lode. The Hanging wall
Basinwas to the west, and the Broken Hill Basin to the east
of this zone, The Hanging wall Besin was in the nature of
8 large pucker on the side of the Broken Hill Rasin. The
disposition of rocks within the former structure showe that
the pitch is very irregular and rolling. It apparently
marked the change in form from the Broken Hill Basin to the
Broken Hill Arch, lying further to the north-west, This Arch
lies at the Junction of the Henging wall Basin to the North-West,
The main Broken Hill lode was placed on the eastern margin of
this Arch,

Thus it can be seen that the main broader structures
had been proposed, but that detalled structural interpretation
of the area had been left for the future. Similarly, the
rock types had been described and finely classified, but no
sequence had been arrived at confidently. Without a strati-
graephic succession the finer structures could not be solved,
In passing, it is not proposed to discuse the rock types at
this stage. These will be described guite fully in a later
sectione

J. THE CENTRAL GEOLOGICAL SURVEY

Gustafson, Burrell and Garretty made a complete
reappraisal of Broken Hill Mine-area structure in the years
1936 to 1939, and their conclusions were submitted to the
Broken Hill mining companies in a private report in 1939, 1In
1950 the Geological Society of America published a modified
version of this extensive report which has b een of great value to
students of Broken Hill geologys

The chief rock types had b een described by Andrews
and hie aessociates, and the C.G.S. attempted to subdivide the
rock assemblage into stratigraphic units, determine the correct
sequence of these units, and finally, to solve the structures
they portrayed. The C.G.S. interpretation differed from the
older one in that:-

(1) Rock formations were correlated on both sides

of the main lode. Thus the Footwall Gneiss was
correlated with Potosi Gneiss, Alma augen gneiss
with Hanging wall Gneiss, and amphibolites of

the so-called "Hanging wall" basin with amphi-
bolites to the east,
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(2) sSubdivision of great masses of sillimanite gneiss
was attempted,

(3) +he detailed structure differed considerably from the
older, although larger structures still harmonised,

General Rock Successgion and Stratigrapgx

Gustafson found that the greatest obstacles to the
solving of the roek succession, and hence the structure, was
the absence of persistent “"key beds" and the inability to recognise
top and bottom of b eds. The lensy nature of distinctive rock
types such as Hanging Well Gneiss, Potosi-Footwall Gneiss and
amphibolite made stratigraphic correlation very difficult. The
metamorphosed sedimentary rockes of shaley and sandy origin, now
sillimenite gneisses, sericite schists and feldspathic quartzites
were subdivided by the C.G.S. but it was found quite impossible
to trace a specific horizon for any distance because of the
monotonous alteration of sillimanite gneiss and quartzite and the
similarity between individual beds of sillimanite gneiss or
quartzite following each other in the sequence. Visual differences
such as the size of garnets etce were used to trace beds for
short distances, but proved futile at longer intervals. Formations
were distingulshed by the proportions of rock types common to all,
and by the stratigraphic position in known structures,

The C.G.S. such succession consisted of five main
groups. These ere, from bottom to top:=

ae. the Underwall group

be Main lead lode group
ce Main zinc lode group
d. Lesser zinc lode group
8, The overwall group

They were subdivided into formations, and rough
guesses as to thicknesses made. Thus, the formatione are:-

a8, Underwall group

l. Coarse~grained sillimanite gneiss with subordinate
beds of fine-=grained granular gneiss, both generally
with abundant coarse garnets; subordinate thin beds
of quartzite,
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2. Underwall amphibolites, consisting of several local
amphibolite sills,

3. Similar to 1l.

be The Main lead lode group

L., Noe. 3 lens ore formstion, garnet sandstone,
5. Coarse-=grained sillimanite gneiss,
6. No. 2 lens ore formation, with lode or garnet quartzite

ce The Maln zine¢ lode group

7. Alternating layers of thinly bedded gnelss and quartzite,
containing at least one zinc lode of importance (the
overwall zinc lode).

8. Rhodonitic zinc lode formation.

9. Alternating layers of thinly bedded quartzite and gneiss,

10. Siliceous zinc lode formation,

d. Lesser zinc lode group

11, 8Sillimanite gneiss with coarse garnet bands end local
zinc and quartz-gahnite lodes,

12, Consols amphibolitee represented by several local
amphibolite sills,

13. ©Sillimanite gneiss with interbedded quartzite:-and
local garnet—magnetite bed near the top., At the Zine
Corporation, and South Mine, sphalerite and gahnite
lodes appear,

e, Overwall group

1L, Potosi-Footwall Gneiss,

15. Bonanzs amphibolite, consisting of local thin amphibolite
gills,

16, Sillimanite gneiss with thin beds of guartzite, and a
diagnostic bed at the bottom, locally.

17. Town amphibolites « sills of amphibolite,

18, Sillimanite gneiss with considerable coarse-—grained
garnet, and subordinate quartzite beds,

19. Hanging Wall Granite,

Gustafson recorded numerous post-folding pegmatite dykes, which
occupy fractures in the older rocks, as do the later uralite
dolerite dykes,

The distribution and correlation of rock types will be
made clearer from the comparative cross-section involved later
in the discussion of C.G.S. structures. Of course many of these
formations are of local significance only, and may not appear
on cross-section, depending on the actual position of the
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cross-sections, 8Since this treatment has been aimed at
comparison with other structural ideas, it will suffice to

show only highly distinctive rock types on comparative
cross~sections, Thus the subdivision of the Broken Hill

lode into 2 lens, 3 lens, etc. is of no real value in this
generalised picture, and this applies also to the consideration
of sillimanite gneiss and quartzites, and other indistinctive
rock horizons.

The C.G.S, Structures

8., Folding

Gustafson et al considered that rocks of the
Broken Hill region had been folded isoclinally, and that
compression had resulted in a development of individual folds
such that the pitch lines were parallel straight lines. Thus
in different parts of the area, cross-sections reveal no

major chaenges in the larger synclines and anticlines, for the
axes of folds have besn continued right through the area,
From east to west the major folds of the district

are s—

1. The Broken Hill Basin

2., The Alma anticline

3., The Footwall Basin

L, Rastern anticline

5. Eastern syncline

6. Western anticline

7. Hangingwall Basin

8. The Broken Hill Arch

Ihe cross-section (cross-section 1) through the

Delprat shaft shows the relationships of these structural
units, and, inclidentally, the stratigraphic position of the
more important rock types. The main ore~bearing structures
are minor folds which embroider the Eastern anticline (west
1limb), the Hastern syncline and the Western anticline.
Folding, with the exception of the Broken Hill arch, is
tight, isoclinal and highly complex,

The Broken Hill Basin

This is a major synclinal structure, 20 miles long
and L4 miles wide, The C.G.S. only mepped a smell portion on
the western rim,

The Broken Hill Arch

CeGeBSe did not map this structure which was
postulated by Andrews in 1922. It embraces the city of
Broken Hill and extends for several miles westwards
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Hanging Wall Basin

This is a narrow basin with a maximum width of
L4,000' situated east of the Broken Hill Arch, and with axial
plane striking approximately north~south, Outcrops of Hanging
wall Granite reveal an undulatory pitches This syncline is
cut by the Globe Vauxhall crush zone, which runs roughly parallel
to its axial plane and along its western rim Jjust inside the
Potosi Gneiss formation, Movement on the fault is regarded by
Gustafson as being west-block-north. Only a portion of the
eastern rim of the Hanging wall Basin was mapped by the C.G,Se

Footwall Basin

This structure was not mentioned by Andrews., It is
comparsble in slze with the Hanging wall Basin, and the pitch
line parallels that of the latter structure, It is clearly
marked by outcrops of Potosi Gneiss east of the lode,

The Alma anticline

C.G.S. mapping suggest an extremely tight sheared-out
_anticline between the Footwall Basin and the Broken Hill Basin,
The structure is about 800' wide.

Western anticline, Eastern syncline, Bastern anticline

This ie an extremely complex, dominantly anticlinal
region about 1200' wide. The three major structures above
consist of highly complicated minor folds and drags. From south
to north there is a gradual change in the relative positions
and shapes of these structures with marked undulation of
pitch~lineses

bs _Faulting

Gustafson believed that the larger faults belonged to
a second main period of deformation, chronologically intermediate
between folding and ore deposition, The C.G.S. suggest that
gneisses and quartzites were formed during plastic flow and
recrystallisation associated with folding, whilst sericite
schists were produced by post-folding fault movements, as a
result of shearing. Thus many occurrences of sericite schist
have been mapped as shears or crush zones.

There are two main fault groups, and a third subordinate
one in the vicinity of the lodes

1. Strike N 50°E to N 70°E, dip 80° SE.
e.g¢ Globe Vauxhall crush zone and Morgan's fault,
The main shear, a belt of attenuation which occurs in the

central part of the field between Footwall and Hanging wall
Basin has also been classified with this group. Movement
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Movement has been north-west side north-east., The vertical
component is unknown but in the case of the Globe Vauxhall
horizontal movement was given as nearly 3 miles,

2a Strike No, 15o W to N8; dip steep to the East

e.g« De Bavay fault, British Fault,

These faults cut transversely across the rock
formations, warping or offsetting them. They are marked by belts
of sericite schist containing numerous pegmatite lenses.

These faults are shown on the accompanying plan.

Gustafson and associates made a special study of the
region from the De Bavay fault to Round Hill, They found that
major structural features such as the Footwall Basin, Alma
anticline and the eastern limb of the Hanging Wall Basin could
be easily recognised north of the De Bavay fault. The precise
positioning of the North Mine one-bearing folds was nbt
accomplished because of the complexity of structure and sbsence
of data., Three alternative interpretations were made of this
area, and all hed their share of troubles. The Imperisl Ridge
syncline, and Round Hill syncline and anticline were recognised
by C.G.S., and these structures were regarded as folds on the
western flank of the Eastern snticline which die out going
southwards,

The region from Zinc Mine to White Leads was aleo
given specliel treatment. Mapping was carried out between the
Hangingwall Basin and the Broken Hill Basin for 3% miles south
of the Zinc Corporation boundary. Correlation of geophysical
data by Haddon King and Gustafson in 1947 has enables a modified
interpretation to be arrived at,

The major struciures recognised from east to west are:=-

Hanging Wall Basin

Rising Sun anticline (equivalent to the
Western anticline)

The Footwall Basin
Alma anticline
Broken Hill Basin

The Western anticline is the dominant anticline between
the Hanging wall basin and the Broken Hill Basin in the vicinity
of Rising Sun whereas around the Zinc Corporation main shaft
(Freeman shaft), the Alma anticline reaches higher than the
Western anticline., However, near the White lLeads prospect the
Alma anticline begins to play & dominant role. Gustafson
suggested that pitch trends south of Freeman Shaft were flatly
south to beyond White Leads.

*he C.G.8+ have conveniently summaerised the major
folds of the northern, central and southern portions of the
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distriet in the teble below,.

West Rising Sun B.H.P. Mine Round Hill
(south) (Central) (North)

Hanging Wall Basin Hanging Wall Basin Hanging Wall Basin
Rising Sun anticline Western anticline

Eastern syncline Imperial anticline
small minor folds
Small minor folds Imperial syncline
small minor folds Round Hill
anticline
Eastern anticline Round Hill syncline
Footwall Basin Footwall Basin Eastern anticline
Alma anticline Alma anticline Footwall Basin

East Broken Hill Basin Broken Hill Basin Alma anticline
Broken Hill Basin

On the whole the structures were considered as being
flat-pitching to the south, the morth pitch of the North Mine
ore bodies being a local feature,

Le DEVELOPMENT OF STRUCTURAL IDEAS SINCE C.G.S,

The Broken Hill deposit has not been studied in the
same detail or with the same overall purpose since the C.G.S.,
in 1939+ Their work was of such a thorough and satisfying
nature that discoveries since 1939 were made to fit the general
C.G.S¢ plcture no matter how faulty the implication became.
Since 1946 there has been a great deal of geological work
underground at the Zinc Corporation a nd New Broken Hill Consolid-
ated mines, and as & result, the structures in this area have
been modified to some degree, However, the major structural
features of the C.G.S. were retained. The same is true of
structuree at the North Mine, Much new geological date have been
collected on this mine, but the C.G.S. structure still remains
as the basis of exploration, Haddon F. King and E. O'Driscoll
published a review of the structure of the mine area in the
"Geology of Australian Ore Deposits" (1953), and it is clear
from thie that modifications of the (.G.S. structure were rather
minor. The same general stratigraphy was accepted by King and
O'Driscolle.

Be Pe Thomson in a thesis entitles "Tectonics and
Archaean Sedimentation of the Barrier Ranges, N.S.W." has
suggested that the structures must be profoundly modified om the
basis of more recent diamond drilling. A Section through the
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Broken Hill anticline showed unusual "wrongway! drag folds,
outlined by O'Driscoll from evidence in the south of the field,
The interpretation was accepted by Thomson from further
exploration drilling evidence. The axial plane of the Broken
Hill anticline was severely buckled and possibly locally
recumbent, Longitudinal buckling of folds in a rather complex
fashion was suggested from plans. Thomson believed that
sectional fold shapes changed rapidly in character with depth,
Fold pitches at the surface and at depth often differed
violently. Much difficulty had been experienced in recent

times as more structural information was unearthed. Unfortunately
the tendency has been to continue modifying the CaGeSe
structures, in stead of throwing ell the old plans aside, and
completely reviewing the whole scene again. Such a review is
well nigh impossible for geologists who have been "born and bred"
on the field and indoetrinated with the convincing C.G.Se
interpretations. As has often been the case, new ideas must

be left to completely new hands to conceive and implement.

5. RECENT WORK AT BROKEN HILL SOUTH LTD,

Be Re Lewis set about a re-examination of structural
data in 1956, This was to be the first complete review since
1939, when the C,G.S. ended their survey. Since that time struc~
tural concepts had advanced noticeably, end the compilation of
new d ata had been immeasurable., In particular, thousands of feet
of diamond drill core has provided the geologist with new clues
on the rock succession.

Core logging was of immediate concern, and it was
obvious that existing methods on the fleld were only supplying
information on the more distinctive rock formations., These are
not continuous horizons, and of little use in correlating
structures any distance apart, The metamorphosed sedimentary
series, largely sillimanite gneisses and quartzites, which the
CeG.8. had attempted to subdivide was attacked in a slightly
different manner, Lewis suggested that by careful recording
of the degree of banding (initially bedding) in the rocks, it
might be possible to divide them into recognisable stratigraphic
units. A legend was adopted that included a recognition of the
following rock types:=

Hanging wall Gneiss
Augen Gneiss

Pososi Gnelss
Amphibolite

Dolerite (uralite dolerite)
Banded Iron Formation
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Pegmatite

Lode quartzite (garnet quartzite, sandstone)
Lode horizon (minerelisation apparent)
"Quartzites"

Banded, initially shalsey rocks

The banded rocks were classified as well~banded
(WBD) or fair-banded (FBD), WBD rocks consist almost entirely
of finely bedded material, whilst rocks with greater than
50% of finely bedded materiasl are fair-banded, These banded
rocks may be either:-

(1) biotite~sillimanite gneisses
(2) sericite schists

The former may contain garnet to a g reater or lesser
extent, and the sericite schists may be with or without
dominant biotite and garnet. These rock types may occur
within the same horizon, and chemical analysis has shown that
the chemical compositions are almost identicals In the field,
sericite 1s most abundant in the zones of maximum rock flowage,

All non-descript rocke with less than 50% banded
material were called "quartzites'., However, all main features
of the rock were recorded, such as the percentage of banded
material, dominant minerals, and the development of pegmatitic
veining and epidosite,

Re-logging of many thousands of feet of drilling
core at North Mine, Zinc Corporation and South Mine, and
detailed mapping, both on the surface and underground,
enabled a new stratigraphic seguence to be established.

The Rock Succession

Several horizons of granite gneiss have been
recognised. These include horizons of Hanging wall Gneiss
and Potosi Gneiss, and horizons of pseudo-Potosi Gneiss and
pseudo~Hanging wall Gneiss, This has changed the structural
picture close to the lode very considerably. Rock types
there were thought to be the same by C.G.Se. are now placed in
separate horizons., Also, another major feature is the
recoghition of "lode horizon", which may, or may not show
signs of mineralisations C.G.Se considered that this could
not be t raced if banren., Sericite schists, sillimanite gneiss
and quartzites have been included in the sequence but have
rerely proven to be "marker' beds over any great area, Banded
Iron Formation and amphibolite horizons have been used over
wide areas to trace the folded structures,
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A generalised stratigraphic succession but it must
be realised that many of the horizons are lensy, and may not
occur on consecutive cross-sections. From top to bottom;

Quartzites ete,
Amphibolite
Hanging wall Gneiss “B"
Quartzite ete.
Amphibolite
Quartzite etc,
Potosi Gneiss "C"
Quartzite etc,
Lode Horizon
Quartzite

Potosi Gneiss "B"
Quartzites
Amphibolite
Quartzites etc,

Banded Iron Formation
Potosi Gneiss M"A"
Banded Iron Formation
Quartzites

Hanging wall Gneiss "A"

The lensy nature of,amphibolites and Potosi-like
Gneisses is noticaeble. Potosi Gneiss as mapped by the C,G.Ss
overlies the lode chennels, and is particularly lensy and
interbedded with sillimanite gneiss. A granular garnet-feldspar-
biotite rock, closely resembling Potosl Gnelss also occurs
stratigraphically below the lode horizon, and has been called
Potosi Gneiss "B, with the overlying horizon of garnet-feldspar-
biotite granulite occurs below "B" and is characterised by
marginal well-defined horizons of Banded Iron Formations, or
Be.I.Fe These rock types are discussed more fully at a later
stage.

Hanging wall Gneiss was placed above the lode by the
C.G.8+, and as can be seen from their surface plan, exposures
were correlated to the east and west of the line of lode, Lewis
hes made a distinction between these rocks, and on the basis of
detailed structural knowledge close to the lode, and hand
epecimen differences, has proposed that two separate Hanging wall
Gneiss—like horizonse exist., These have been called Hanging wall
Gneiss A" and "B" for convenience, On Lewls! cross-sections,
Henging wall Gneiss "A" lies beneath the lode horizone, and
WRY gbove ite
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Two series of cross-sections based on Lewis'! ideas
accompany this thesis, The LOO scale sections have been used
to illustrate the rock succession and generalised structure.
Cross~sections on the scale 1" = 2000' show only local "merker"
horizons, but more detailed labelling of structures has been
mede on these, They accompany the plan of the same scale., It
1s proposed to discuss the larger sections now, in relationship
to the rock succession, and reserve the 2000 scale sections
until structures are explained more carefully at a later stage,

Cross~-sections were drawn in the positions marked
AA, BB and CC, where the structure was well known, They show
the relationships of the lensy nature of Potosi-like gneisses and
amphibolites, The interpretive cross-section AA, through Imperial
Ridge, north of the North Mine, was the result of core logging
with Lewls and J. Roberts during the December vacation, and the
field mapping of Lewis and P. Forwood. A myriad of diamond drill
holes enabled a fairly water-tight interpretation of the area to
be arrived at, Similar sections through the Delprat Shaft and
the Freeman Shaft were drawn and printed under the guidance of
Lewise

Explanation of Cross-Sections

l, Cross—section "AA"

Imperial Ridge section. It is defined by diamond
drill holes approximately 4500' north of the De Bavay fault.
The rock successgion as observed here is:

tOD seve quartzite, sillimanite gneiss
amphibolite
quartzites etcs
Hangling wall gneiss, amphibolite
quartzite
Lode horizon
quartzites
Potosi Gneiss "BY
Quartzites etce
BeleFe
Potosl Gneiss AV
BT Fe
Quartzites, sillimanite gneiss.
bottom ... Hanging wall Gneiss "AY

The upper Hanging wall gneiss is very lensyand it is
thought that messive amphibolite occupies the same stratigraphic
position to the east., Potosl Gneiss "C" does not appear above
the lode as in other cross-sections, but its place is taken by
feldspathic quartzite and intercalated sillimanite gneisses,
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Other horizons are relatively well-defined. The major structure
is synclinal, with a complex pattern of limb folding,

2. Cross Section "BB"

This is a section through the Delprat area of the
South Mine, including Delprat Shaft. The main stratigraphic
features are similar to those in YAA", but several points are of
interest:=~

(1) The complete absence of Henging wall Gneiss "B",

(2) Appearance of Potosi "C" sbove the lode horizon,
It is particularly lensy, and interbedded with
garnet, sillimanite gneiss and quartzite bands.
Thie gives way to amphibolite and sericite at
depthe

(3) The lensy nature of Potosi Gneiss "B", very
apparent from drilling at Delprat,

(4) A large mass of steeply dipping sericite schist
which is regarded a& a major crush zone (the Globe
Vauxhall crush zone) by the C.G.S., but as a zone
of intense flowage by Lewis,

The rock succession observed here isiw-

tOD sevee Quartzite

Sericite schist, sillimanite gneiss or
amphibolite

Potosi Gneiss “C*
Lode horizon
Quartzite
Potoel "B" and sillimanite gnelss
Quartzite
BeIeFe
Potosi Gneiss "A"
BeIeFe
Quartzite
bottom eee Hanging wall Gnelss "A"

3, Cross-—section "CC" _
A southern transverse section t hrough the Zinc
Corporation main shaft (Freeman) area. A very good succession

wes seen here, Thus:e

tOP enes Hanging well Gneiss "B

Quartzite

Amphibolite

Quartzite

Potosi YC" and sillimanite gneiss
Quartzite

Lode horizon

Quartzite
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Potosi "B"

Quartzite

Amphibolite

Quartzite

B, I.HFe

Potosi Gneiss "A"
BeIoFe

Hanging wall Gneiss "A"

Of some interest is the great thickness of Potosi YB"
at the surface (approximately 1000'), and the characteristic
lensy nature of "C", above the lode. In both cross-sections "BB"
and "CC", the main ore mined at present is shown as a distinct
west limb drag replacement,

The Structure of the Ares

The main difference between Lewis's interpretation and
that of pagt geoclogiets is in the nature of the folding, It has
been mentioned before that the folds of the C,G.S. were isoclinal
and that fold axes were regarded as essentially parallel so that
the topse and the bottom of folds were parsllel straight lines,
This type of folding, due to lateral compression, is shown in the
sketch below (fige. 2).

Figure 2. Development of folds characterised by parallel axes
from a simple compression acting normal to sides
AB and CD.



.18.

However, a shearing couple applied to the same block will
produce an Yen-echelon" fold pattern (figure 3).

Figure 3, The development of en echelon fold types as the
result of a shearing couple AB-~CD.

The material in the blocks shown would necessarily be
incompetent and yield plastically when subjected to these stresses,
Individual "en echelon" folds develop and die out within t he stressed
area. Thelr pitch lines are curved, and the peak of the surve
occurs at the point of maximum development of the folds. These
pitch lines become more strongly curved as the severity of folding
increases, A feature of this type of folding, apparent from
cross-sections, 1s the marked change of cross-sectional shapes even
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over small intervals., This change is of course, dependant
on the severity of folding locally.

Both right-hand and left-hand en echelon fold
patterns exist. Viewing the block diagram from either end it
canbe seen that this represents a right-hand en echelon,
consisting of individual folds developing on the right-hand
side of dying members., <The Broken Hill en echelon pattern is
right-handed. A reversal of shear directions would produce a
left-hand "en echelon",

Lewis has stressed the dominance of plastic folding
and flow, but definite fracturing occurs in some localities.
Two complimentary fractures would develop in t hese blocks under

the same couple if the materisl behaved competently. These
fractures find direct evidence in the field,

The Broken Hill ore body was interpreted as a
west-Tacing fold, or a series of these at the North Mine
(see figure 5).

CONSOLS SYNCLINE

‘POSSIBLE REPETIVION OF ORE- BODY FOLD

BROKEN HILL SYNCLINE
1
MINE CONSOLS ANYICLINE

IDEALISED BLOCK
DIAGRAM

: BROKEN HILL

| SHOWING MAIN FOLD

: RELATIONS

k
\\ \ORE BODY FOLD
IMINE SYNCLINE

FIG.5

Figure b,

These drags appear on the eastern limb of & syncline termed the
"Mine" Syncline. The ore body consists of a number of complex
minor folds following a right-hand en echelon pattern. This canbe
seen clearly on cross-section (2), through Delprat, where the major
structure is synclinal ("Mine" syncline).
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A glance at the C.G.S. cross-section (1) shows the essential
difference in interpretation: The dominant structure here ie
anticlinal, Cross-section (2) is Just a 1" = 2000' equivalent
of the LOO scale cross-seckion "BB" which was discussed earlier,
The detailed rock succession has been modified retaining only
distinetive horigons, for convenience.

The British and De Bavay faults interrupt the trend
of the main ore body. These structures had been interpreted as
simple faults by C. G. S. e} al, but Lewis has rejected the
gimplicity of this viewpoint. The intense sericitisation of
beds in these zones has suggested a considerable amount of rock
flowage. Interpretation of the zone at De Bavay strongly
suggested a tight en echeloning in the "Mine" syncline, with
little or no rock fracturing. A definite fracture zone has been
mapped to the east in Hanging wall Gneiss, where the gneiss
has been dragged into a well-defined shear zone. (See the sketch
below)es Both the British and De Bavay "faults" are fractures
on the eastern side, but merge into folds to the west., These
folds from en echelon positions in the maim syncline., On the
eastern side of the sheared block deformation resulted in
fracturing, but on the west the same deformation produced
folding. The eastern fractured area has itself been folded and
it is suggested by Lewis that the blockwas at first generally
folded, but with increased intensity the rockse in the east became
faulted and those to the west were more severely folded.

A stress analysis of this area must be concerned with
the Globe Vauxhall "ecrush zone' also. This is a zone of sericitis-
ation with a maximum width of several hundred feet, but usually
of the order of 100'. It has been referred to in a discussion
of faulting per C.G.S. Lewis suggests that it represents one
of the major planes of relief to a major north block west shearing
couple. Thus the Globe Vauxhall is a shear zone resulting from
the same couple that caused the en echelon folding, and the
British and De Bavay fractures. The stress analysis diagram
figure 4 will explain this in greater clarity.
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NORTH MINE SYNCLINE IMPERIAL RIDGE
SYNCLINE

o w— OQVERALL TREND MINE SYNCLINE = e -

;_;w Mﬁ ’

GRANITE GNE!SS

< FRACTURE DIES OUT
Kb 6"“ TAKEN OVER BY FOLDINC
TO THE WEST

GLOBE VAUXHALL ZONE
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bowe g
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SEVERITY B 0o0e HoRIZON

SERICIT-SAT,ON

STRESS ANALYSIS BRITISH—DEBAVAY AREAS
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Figure L.

The "Mine" syncline is mad up of & number of
en echeloning synclines. In the British area, the North Mine
ore body ie simply an en echelon repetition of the southern ore
body. The "Zinc -~ B.H.S" syncline dies out going morth, and
its place is taken by the "North Mine" syncline. 3Zinc and B.H.S.
ore bodies lie on a drag on the eastern flank of the "Zinc -
B«H.S." syncline. The ore-bearing drags on the "North Mine"
syncline also occur on its eastern flank, The "North Mine"
syncline dies out in the De Bavay region, but its en echelon
position is the "Imperial Ridge" syncline.
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In the south of the field the main ore body appears
to be wening. The "Zinec ~ B,H.S", syncline is climbing on a
north pitch ahead of the ore body, and further ore might be
expected on the flank of the "Rising Sun" syncline,.

East of the Delprat Shaft area, a second major fold,
the "Consols" syncline has developed. This incresses in
development goling north et the expense of the "Mine Syncline',
In the "Consolidated-Barrier Main Lode" area to the north, the
"Mine" syncline has almost disappeared, and the "Consols"
syncline has completely taken its place. New ore to the north
must of course be related to this structure.

In Conclusion

Reviewing these ideas 1t is difficult to envisage
any changes in structural concepts as complete as those madé
by Lewis. En Echelon folding is in itself still an unknown
quantity to most geologists, and although the theory and
mechanism is relatively simple the actual detailed fold patterns,
changes of pitch, etc. are by no means simple. This structural
interpretation has explained many puzzling facts of Broken Hill
Geology and certainly fits the f acte better than past ideas
dide
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PETROLOGICAL ASSTSTANCE IN SOLVING BROKEN HILL STRUCTURES

=

These latest ideas on the structures and rock
succession have had no micropetrological backing, and Lewis
suggested to the author that a comprehensive study of the rock
types, especially the granitic gneisses, would be of some
assistance in confirming structural interpretations. The three
pseudo-Potosi gneisses, and two pseudo-Hanging wasll Gneisses were
treated in separate sections which follow this t ext,

Recent work has suggested that the Pinnacles lode is
in the same stratigraphic position as the main Broken Hill lode.
Lode types, garnet quartzites, etc., are common to both vosgitions,
but there is a developmeni of aplite rather than "quartzite™
at the Pinnacles, Whilst some R.I.F. occurs, mest of the iron-=rich
rocks are quartz-magnetite types, banded or unbanded. A micro-
scopic examination of aplites end felspathic quartzites,
supposedly of the same horizon, outeropping over rather widely
separated areas was made, This aimed at a possible petrological
correlation,.

Two problems of structural interest are the transition
from Hanging wall Gneiss "B" to amphibolite on cross-section
"AA", and an apparent change of sillimanite gneiss to sericite
schist in areas of intense deformation. A discussion of these
transitions will not be made in the following section, but is
reserved for a later treatment under "A Discussion on the Origins
of Rocks close to the Mainlode",

The three maln petrological structural problems are s

l. The problem of the Potosi Gneisses,
2. The Hanging wall Gneisseg,
3« A etudy of Broken Hill Aplites,

They are reviewed in that orders

1, THE PROELEM OF THE POTOSI GNEISSES

This consiste of a microscopic examination of rock
types closely resembling Potosi-Footwall Gneiss but supposedly
belonging in three distinct stratigraphic horizons. Petrological
confirmation of visual differences between these rocks was
sought in order to strengthen the structural interpetation. As
can be seen from the cross-sections, one gneiss lies above the
lode horizon, and two below. These rocks exhibit only rudimentary
gneiseic banding, and are garnet - feldspar-quartz granulites.
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They differ from the Hanging wall Gneiss in that they are but
crudely banded and decidedly more granular, 1In addition, garnet
is very much more dominant, and is often rimmed by dark brown
biotite, the so-called "biotite halo!,

These gneisses were conveniently called Potosi Gneiss
"AY, "B", and "C", with A" the lower horizon, and "C" the upper,
above the lode channel. Potosi Gnelss "C", immediately above
the lode horizon has been recognised and described by early
geologists at Broken Hill, It is regarded as the "true" Potosi
Gnelss, "A" and "B" being distinct variants of this rock types

A microscopie study of these rocks has revealed that
differences lie mainly in the proportions of the essential
minerals, rather than in any unusual change in mineralogy. For
this reason it is possible to deseribe an "“ideal" Potosi Gneiss in
terms of texture and mineralogy and discuss varistions in the
relative proportions of minerals present in the light of the
collected microscopic datas

Description of a Potosi-like Gneiss,

Potosl Gneiss is & rather coarse-grained granulite,
the chief components of which are orthoclase, quartz, plagioclase,
biotite and garnet, with subordinate, rare sillimanite,

Garnet (almandine) graihs are commonly porphyroblastic,
but mostly poorly formed and with rounded outlines. Inclusions
of quartz grains are plentiful, and these garnet crystalloblasts
are usually much altered between cracke and at the edges to
biotite, chlorite and sericite,

An 1ndistinct gneissose sitructure is imparted on the
rock by aligned flakes of biotites This mineral is normally a
rich brown, strongly pleochroic variety, of variable crystal
habit. In some cases the flakes are large and well-defined,
but more often it occurs as small ragged flakes, or as aggregates
of these recrystallised from larger plates,

Biotite haloes around large pink garnets are
characteristic of the rock. These are largely caused by a
segregation of aligned biotite aided by the rapld growth of the
garnet, Peripheral alteration of the garnets is quite apparent,
but the pushing-aside of bilotite masses to form a thicker layer
gives a false impression of the degree of alteration,

The proportion of potash felspar to plegioclase
varies, but on the whole, plagioclase is more abundant, The
composition however, is variable, slthough most species lie
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between oligoclase and labradorite., Recrystallisation is

apparent from the granoblastic nature of the matrix, but this

has not eliminated multiple twinning of the rlagioclase, which

is frequently clear and sharp, permitting an accurate determination
of the composition., Alteration of plagioclase is' not marked, but
sericitisation of potash feldspar commonly occurs,

There is no doubt that, whatever the origin of this
gneiss might have been, that rock has subsequently suffered
intense metamorphism and recrystallisation. In addition,
retrograde metamorphism has occurred; with the alteration of
orthoclase to sericite or fine-grained muscovite, sillimanite
developing a border of sericlte, and large garnets changing
to biotite, sericite and chlorite,

At this stage it is desirable to point out differences
in the three Potosi~like gneisses which are quite obvious even
in the hand specimen,

Hand Specimen Differences

l. Potosl Gneiss "MAY

This rock contains more biotite than "B" or "C", and
has & more pronounced foliation. Also, it is more feldspathic,
so that in fact it resembles Hanging well Gneiss more closely
than Potosl Gneise. However, Potosi "A" contains abundant pink
almandine porphyroblasts which are but weakly sericitised,
Biotite haloes about these garnets are common. The biotite
banding is decidedly weaker than that of the Hanging wall Gneisses,

Thus, summarising differences:

(a) A relatively high biotite content imparts on
the rock a coarser and distinct foliationm,
not apparent in "B" or g4,

(b) Biotite-rimmed garnets are numerous,

(¢) The rock is more feldspathic than "B" or "C,
although pegmatitic veining is rare,

2. Potosi Gneiss "B"

Potosi "B" is a granular rock with little or no biotite
banding. However, pegmatite veining is marked, and feldspars
are dominant minerals., Garnets vary considerably in size, but
the @hape 1s consistently spherical and in no way elongated,
Marginal alteration of g arnets to biotite is common, and very
obvious in the hand specimen, Bilotite is thus sbundant as haloes
about almandine porphyroblasts, but rarer in the pegmatitic matrix,
The rock is a siliceous granulite, with blue quartz abundant in
most specimens,
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Again, the mein features are:

(a) Only afaint directional texture, similar
to "C", but much wesker than "A", This is
coincident with a lower biotite contents

(b) A relatively high feldspar content which
matches that of "A", but is very much higher
than that of “CY,. '

Pigure 6 -~ Potosi Gneiss "B"

Photograph of the hand specimen of A139/97,

Zinc Corporation, showing faint gneissic texture
and granular almandine garnets with characteristic
bilotite "haloes", The surface is normal to the
foliation. Each division of the scale represents
1l cm.

Figure 7 - Potosi Gneiss "BY

Some specimen, with surface parallel to the
follation,



«De

3., Potosi Gneiss '"C"

Hand specimens of this gneiss are distinctive, It has
8 pronounced granoblastic texture with a faint trace of foliation.
Feldspar—quartz veining, characteristic of "B" is rare, and the
overell texture is homogeneous. It is thus less pegmatitic than
"pit more siliceous and less feldspathic., Garnets are similar
in size to those in Potosi's YA" and "B" (about three millimetres
in diameter is average) and biotite is notably deficient. Haloes
about the garnete, characteristic of "A" and "B" are but weakly
developed, <The rock is very siliceous, and contains correspond-
ingly less feldspar,

Thus summarising physical properties:
(a) Relatively small garnets occurs

(b) Texture is faintly directional: stronger than
"B, but considerably weaker than "A',

(c) A poor development of biotites

(4) Highly siliceous matrix,

From these observations it was possible to make a
constructive microscopic comparison of these rock types, with
reasonable clues as to what must be looked for under the
mieroscope. The thin sections were examined with the idea of
collecting data on:=

I Structure and texture
IT Mineralogy
ITTY Grain size

Representative thin sections are described under the
title of “Rock Descripiions", within the Potosi Gnelss sub~section.

Conclusions

Certain conclusions were made on the basis of this
treatment.

I Structure and Texture

It would be convenlent to define these t erms before
proceeding further., By "texture" is meant the mutual relation-
ships between metamorphic minerals, and this depends on shapes
of minerals, mode of growth, and mutual arrangement. The
"gtructures? depend on the inter-relations of v arious textures
within the same rock unit.

(a) Textures

(1) Shapes of minerals

No important differences were observed from a
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study of the shapes, Most of the dominant minerals,
such as quartz, plagioclase, orthoclase and garnet have
an equidimensional habit, In a few instances there
has been an elongation of flattening of these minerals,
particularly quartz (which has developed an undulose
extinction), but this has not been confined to one
species of Potosl Gneiss. Both biotite and sericite
are flaky in crystal hablit, and sillimanite is
characteristically needle-like. Zircon, usually guite
rare, always occurs as small, usually elongated grains,
with rounded edges,
(ii) Growth
Recrystallisation in all gneisses has been almost
simaltaneous, and there is no real order of crystallisa-
tion, Individual cnystals enclose each other guite
indifferently. Thus all three gneisses contalin no zoned
rlagioclase, Myrmekite, however, occurs throughout,
Garnet porphyroblasts probably grew at a faster rate
than neighbouring quartz and feldspar grains, Inclusions
of quartz are common in all garnetis,
(111) Mutual Relationships
Relationships between minerals are the same in all three
gneisses. Thus guartz and feldspar grains are always
more rarely sericite) are idioblastic,
(b) Structures
Important differences distinguish Potosi Gneiss YAY
from "B" and YC" here. "AY has a more strongly developed gneissose
structure due to alteration of thin folia and bilotite with coarse
and wider segregations of guartz and feldspar. This does not
imply a strong gneissosity. Actually this gneiss is a gradation
between granulose and gneissose structures. Potosi Gneisses "B*
and YC" are considerably more granulose, with only a f£aint trace
of gneissose structure. This structure, in Potosi "AY", is
coincident with an increased biotite content,
II__ Mineraslogy
Since these gneisses have all been likened to a
prototype Potosi Gneies (actually "B"), one would not expect to finl
startling mineralogical differences, and indeed this is found te
be the case., However, consistent variations do occur in the
relative proportions of minerals present, and these will now be
dealt with at lengtihe

1. gquertz Content #AY  50% in most thin sections, but
may be as low as LO%,

MBY  60% ~ 65%

oY 50%~60%. In the case of "M
this figure is more variable,
& minimum estimation being
4o% and the maximum of 65%.
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Colour Quartz may be clear, smoky or blue,
and Potosl Gneisses YB" and "“C%, more
siliceous rocks, and closer to the
lode channel, normally contain blue
quartz.

2. plagioclase

The % of plagioclase in the rock, and ite composition
is of interest here,

Gneiss % plagioclase Composition
Potosl Gneiss YAM 25%=35% andesine
o e npH rather variable
from 10%-25% andesine
labradorites
(usually the
latter),
" LA s L 5%~10% more calcie
labradorite,

3¢« orthoeclase ﬁ orthoclase

natt
Potosi Gneiss "A difficult to estimate.

. L -1 variable, but in most
cases deficient, with
excess plagioclase,

L " n Cﬂ 5%

Intense sericitisation, with alteration of
orthoclase to sericite, makes this comparison spurious.

he sillimenite

This is most abundant in Potosi Gneiss "B", and occurs
very rarely in A" and "C%, It is nearly always a relic
mineral, and has altered in the majority of cases to sericite,

5. garnet

The garnet of these gneisses is & light pink colour,
and is almandine, Garnet is plentiful in all three gneisses,
and it is not possible to make a distinction here., Alteration
is inconsistent, and cannot be used as a guide,

6. sericite

The degree of sericitisation may provide a lead as to
the relative potash content of the gneisses, although biotite
must be taken into account. Orthoclase ig somewhat minor in
most thin sections (about 5% ~ 10%) and may be considered to
be relatively constant. Since sillimanite has also sltered to
sericite the estimate would be fairly doubtful.
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In faet it is difficult to separate "B and "G", for
both are severely sericitised, with large flakes visible in the
hand specimen. YAY" is less sericitised,

7. Dbiotite

Biotite occurs in all three gneisses as fairly
large ragged flakee of varying colour. In many cases it is a
rich brown, containing a high percentage of iron, but occasionally
a distinet reddish tinge is apparent. It is never green, unless
marginal alteration to chlorite (rare) has given this impression.
A distinction cannot be made between these gneisses on the basis
of the colour of their biotites. The relative proportions,
however, are characterisitc, Biotite is more abundant in Potosi
Gneiss "AY, and occurs as larger flakes., No distinction can be
mede between "BY and “C%,

8. Rarer Mynerals

These occur consistently throughout all three rock
types. Zircon and apatite are ubiquitous, but magnetite, pyrite,
pyrrhotite, ilmenite and galena are sporadic in occurrence,

IIT Graln Size

This 1is inconsistent even within one particular gneiss,
and 1s not a safe basis for comparison. A consideration of grain
diameters may have been made here if such was warranted. The
minerals involved would have been quartz, feldspar, biotite,
garnet and zircon, These data were collected, and appear in the
rock slide description sections,

In'00ne1usigg

The above evidence suggests that these gneisses are
different petrologically. Mineralogical differences do not exist,
but the relative proportions of minerals present in each gnelss
are consistent within that gneliss and decidedly different from
those of the other gneisses, The subtle differences in the hand
specimens of these rocks have been confirmed microscopically.
This eupports the structural interpretation of three separate
and distinet horizons of Potosl-like gneiss,

2. THE HANGING WALL GNEISSES
This problem is of the same nature as that concerning
the pseudo-~Potosl Gneisses. Specimens of Hanging Wall Gneiss "A™
and YBY were collected from surface outcrops and diamond drill
éere and thin sections were cut of this material., Before stating
microscopic differences between the two gneisses it would be
convenient to compare typical hand specimens,
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OBSERVATIONS ON HAND SPECIMENS OF HANGING WALL GNEISS
ﬂAu AND uBn

p———l

l, Hanging Wall Gneiss "A"

The rock consist chiefly of feldspar, gquartz and biotite,
with large porphyroblastic feldspar augen, It has a pronounced
gneissose structure, emphasised by a strong development of
compact, foliated black biotite which occurs as thin layers
separated by a highly feldspathic matrix, Sericite and biotite
are usually both plentiful, with sericite slightly subordinate
to biotite. Henging wall Gneiss "A" contains practically no
visible garnet; knote of sericite seem to have replaced
pre-existing garnet, so that only relics are left,

Thus the main points ares-

(1) highly feldspathiec matrix

(2) abundant black biotite and subordinate sericites
(3) deficiency of garnet (almandine)

(4) a strongly gneissic texture

Figure 8 - Hanging Wall Gneiss "A",

Photograph xzoof a wet polished section of A139/7., The surface
was cut at 70° to the planme of foliation. BRiotite banding is
Blightly exaggerated, but the photograph shows clearly the
alteration of layers of quartz-feldspar and biotite~pericite,
typical of this gneiss., Garnet is absent,

Figure 9. Hanging Well Gneiss "A",
Same specimen photographed dry on a curved surface of the B.Ds core,
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Figure 10 - Hanging Wall Gneiss L UL

Photograph X2 of a surface of core specimen A139/5 cut
normal to the foliation. Strong biotite banding and
subordinate streaky sericitisation are apparent, No garnet
is present. A 1 cm scale glves some idea of the width of
bandse.

2, Hanging Wall Gneises “B"

Hanging wall Gneiss "BY would be more precisely
classiflied as a banded or gneissic feldspathic gquartzite,
Long seams of fine-grained white marble visible in the core
resemble sillimanite, but are largely masses of retrograde
sericite mica., Large but irregularly shaped almandine garnets
abound, and these have been altered partially to biotite,
sericite and chlorite, Most are elongate and stretched-out
along poorly defined plames of schistoslity. The rock is
notably siliceous, abundant coarse-grained blue quartz
predominating. Gneissic texture 1s again strongly evident,
and biotite is abundant,

Again, the main features are:=

(1) siliceous nature, with minor feldspar.
(2) abundant biotite,
(3) . large irregular pink garnets (almendine).

(4) streaks of sericite and possibly relic
sillimanite.
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Figure 11 =~ Hanging Wall Gneiss "BY

Photograph of specimen A139/83, Horth Mine core, showing
thin biotite banding, elongate garnets, and layers of
guartz-felespar. The surface was cut approximately normal
to the foliation, and photographed wet, Divisions on the
scale represent 1 cm.

Hence from the hand specimens, differences in
mineralogy and texture are rather obvious, Hanging wall
Gneiss "AY" is more feldspathic, and "B" very much more
siliceous., Hanging wall Gneiss "A" has a greater percentage
of biotite, However, the iron comtent of these rocks might
be almost identical because of a correspondingly greater
development of almandine in "B", Gneigsic biotite banding is
stronger 1n "A" than "B". An important distinction is the
absence of sillimenite in "A", but a minor cccurrencs,

almost completely altered to sericite, is apparent in “B",

A COMPARISON OF HANGING WALL GNEISSES “A" & "B" FROM THIN
SECTION EVIDENCE,

The method of attack is the same as that adopted in
the Potosi Gneiss section. For example:w

(1) Structure and textures

(II) Mineralogy

(III) Grain or particle size

Again, representative thin sections on which the conclusions
are based have been described in "Rock Descriptions", within
the Hanging Wall Gneiss sub-sectione

CONCLUSIORS

I. Structure and Texturqg
(a) Textures

(1) ghapes of minerals
Quartz crystalloblasts are normally inequidimensional
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and exhibit undulose extinction in Hanging Wall Gneiss "AY,
This applies particularly to larger grains. Elongation, with the
long axis paralleling always irregular in outline., This is true
also of Hanging wall Gneiss "B", but grains are not consistently
elongated, and are often equidimensional., No distinction can be
made between feldepars (plagioclase and orthoclase, but no
microcline) of the two gneisses., Moet grains are xenoblastic and
equidimensional, although there is a slight tendency in Hanging
wall Gneiss "A" for the grains to be strained, as manifested
by curved multiple twin planes, Biotite flakes are usuelly ragged,
and the mineral may occur as large individual crystals or as
aggregates of smaller ones. The crystal form is similar in both
gneisses, This also applies to sericite, which occurs as minute
leaflets of random orientation, ©Sillimenite restricted in oecurrence
to Hanging Wall Gneiss "B" is idioblastic, with well-developed
prism facese, It is needle-~like, and individuals show a parallel
-alignment. Magnetite and zircon are not sbundant, but the former
is generally irregular in shape, Rounded outlines are characteristie
of the zircons.
(ii) Growth
The xenoblastic nature of dominent minerals indicates
simltaneous growth during recrystallisations Both gneisses have
been metamorphosed, a nd no differences were observed here,
(111) Mutual relationships
The only feature worth of comment here is the characteristic
inclusione of quartz grains in garnet porphyroblasts. AdJjacent
layers of aligned biotite have been pushed aside, This is also
noticeable is the Potosi Gneiesses., According to Ramberg the
explanation lies in the fact that the interfacial energy between
garnet and biotite is great as compared with the garnet—quartz
interfacial energy. Jolnts of garnet-guartz may function as birth
places for the new surface layers to be built on the growing garnet,
such that the garnet will gradually completely enclose the guartz
graine
(b) Structures
Both rocks show a stirong gneissose structure, but Hanging
wall Gneiss “A" is coarser, with no gradation into granulose
structure., BRiotite is abundant in Hanging wall Gnelss "AY", and
folia are continuous, so that segregation of layers of quariz-
feldspar and aligned biotite is pronounced. A somewhat lesser
biotite content in “BY makes the rock appear relatively more
granulose in handspecimen, an observation supported by microscopic

examinations
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II. Mineralogy
Marked differences in the hand specimens suggest

essential differences in mineralogy, and this was found to be the
case,
l. gQuartz
Content HAY  30.40% in moet thin sections
(with a minirum of 30%)
"pt  50-.60%, with & minimum of 45% and
a maximum of 65%.

Colour. Blue quartz msy occur in "B", but never in "AY,
Thue Hanging Wall Gneiss “B" is very siliceous, considerably more
8o than "A", This fact was fairly obvious in hand specimen,

2, Plagioclase

Hanging Wall Gneiss % plagioclase composition
nAH 20=25% oligoclase ~
but may be as andesine

low as 10% and as
high as 30% in the
extremes
npH 5=10% oligoclase,
but occasional
by more calcie.
(andesine),
It can be seen that "A" is more feldspathic than "B" as regards
plagioclase, but no distinetion can be made as r egards composition.
Both gneisses consist of plagioclase within the range oligoclase
to andesine,
3. Orthoclase
Sericitisation renders the estimation of the percentage
of orthoclase present of little importance, but it is considered
that orthoclase is equally as abundant as plaglioclase in Hanging
wall Gneiss "B" (about 5-10%). However, plagioclase is the
dominant feldspar 1n Hanging wall Gneiss "A¥, with subordinate
orthoclase, It is noteworthy that microcline and other feldspars
and other feldspars are very rare in these gneisses,
4o Sillimanite
Needles of 1dioblastic slillimanite are consistently
present in specimens of Hanging Wall Gneiss “BY", but rare to
gbsent in "A", Most prisms are relict, and have b een intensgely
sericitised, This sillimanite 1s regarded as a point in favour
of the originally sedimentary nature of "BY,
5. Garnet
The composition is almandine. @Garnet is abundant in "BY,
but rare in "A"., Garnets in "A" have been severely altered,
largely by processes of sericitisation, but aleo to chlorite and

biotite, Large masses of sericite, consisting of aggregates of
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tiny flakes engulf fragmented relic garnets, Serieitisation of
the garnets ie not as marked in "B" alteration to biotite is
but minors
6., Sericite

Hanging wall Gnelas "BY has not suffered intense
sericitisation, Many thin sections contain sericite as an
alteration of sillimanite and garnet, but the essential difference
lies in the relative content of feldepar, and more particularly,
orthoclase., Large areas of "A" have been sericitised, and it is
probable that these areas were potash feldspar, a fact supported
by minute ubiquitous relics of orthoclase. The greater the
initial potash feldspad content, the more apparent would be the
sericitisatione
7. Biotite

This mineral might comprise 20% of "A" but is mmch
less abundant in "B", although still a dominant mineral, There
is no observable difference in colour, pleochroism or crystal
habit, A reddish tinge is apparent in some species, but this is
not consistent within the same gneilss,
8. Accessogz;gineralé

Magnetite, ilmenite, apatite and zircon are common to both
rocks, No distinction can be made on this basis,.

ITII. GRAIN SIZE

The average grain diameters of quartz and feldspar
xenoblasts in both gneisses are similar « about 1 mm. Riotite
flakes of "B" are usually larger than those of "AY, where the
biotite occurs often as folla consisting of aggregates of small
ragged flakes, possibly recrystallised from larger flakes. Garnet
is rare in "A", but numerous porphyroblasts characterise "BY,
Crystals range from " to 3" in diameter. Occasional elongated
grains are £" in length, but fairly narrow. Onthe whole "B"
appears to be coarser grained than "AY,

In conclusion

As can be seen from the foregoing comparisons, these
gneieses are different rock types. Chemical analysis should point
to a similar conclusion. The difference in mineralogical
cocmposition is due to a difference in bulk chemical compositions

3¢ A STUDY OF BROKEN HILL APLITES
Thin sections were cut of about twenty specimens of
aplite from the Broken Hill district. Six of these were diamond
drill core specirens from the South Mine and Laurel No. 2 hole,
The remainder consiet of unweathered surface outcrop rocks covering
a wide area, Thus aplites were collected from the Great Vugh area,
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Thackaringa,Pennacles, Big Hill, Redan, and again from exposures
underground on 12 level, South Mine, Several specimens came
from each outcrop area, and since these have proved to be micro=
scopically identical, it was found desirable to include only
one description of each type in the "Rock Descriptions" sectione
Very few of these aplites appear similer in the hand
specimen. All are finew~grained, but there are many variations
even here., The finest grained types are very dense and massive,
and individual grains cannot be detected, with the hand lens,
These rocks resemble silicified quartzites. They fracture
sub=~concholdally and poesess a perfectly homogeneous texture,
In the other extreme 1 s a sugary material, consisting of small
equidimensional grains of quartz and feldspar whose grain
outlines are distinct and recognisable by the naked eye. These
have an uneven fracture and are usually softer than the finerw
grained specles,

The textures and structures in all cases point to a
recrystallisation, but the nature of the original material is
doubtful, Past and present ideas on the origin of these rocks
will be discussed at a later stage, but one f act is quite clear;
these rocks are perfectly conformable with the major Broken
Hill rock types. Thiswas realised by E. C. Andrews as far back
as 1922 when he referred to the sill-like and lensy nature of
the aplite belts, particularly those at the Pinmacles and
Thackaringa diptricts. He regarded these rocks as igneous in
origin, and intimately related to granite older than the
Broken Hill~type lodes, However, most of the aplites exhibit a
granoblastic texture, indicative of metamorphic recrystallisation
in the absence of any marked stress or directed pressure, Quartig
and feldspar crystalloblasts are xenoblastic and equidimensional,
and show no apparent elongation or preferred orientations

Not all aplites are granulose, Banding, often made more
pronounced by a higher biotite content, has emphasized the
gneissose structure of some of these rockss This is generally
very faint, but elongation of quartz grains, and to a lesser
extent of feldspars, shows as an obvioues lineation in thin
section. Aplites situated close to the main body of the Broken
Hill Lode have been sericitised., Slight recrystallisation
during sericitisation must have occurred, but the main effect is
the exaggeration of gneissic texture by the development of long
seams of sericite. However, preferred orientation of biotite,
even if this mineral is relatively sparse, is the best guide to
gneissose structure, In addition, some aplites contain a
notable percentage of magnetite and ilmenite, and these minerals
may occur as long strings of crystals, which accentuate the
banding,
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MINERALOGY OF THE APLITES

The mineralogical composition of the aplites is extremely
variable, but gquartz and feldspars are the chief components. The
feldspare consist of plagioclase and orthoclase, with no microline,
The relative proportione of these minerals present in each aplite
isof little use in an attempted correlation because of the extremely
variable results, even in aplites closely spaced with respect to
one another. Again, the composition of the plagioclase proved of
no real aid because of local inconsistencies,

l. OQuartz,

The percentage of quartz varies from approximately LO%
in the more feldespathic aplites to a maximum of 70% in the
Hguartzitic® varieties, Specimens from South Mine core are not true
aplites, but should be known as garnet-quartzite, epidosite-—quartzite,
plagioclase~biotite quartzite and the like. In no instance was feldspar
pregent in sufficient guantity for the rock to be claesified as
aplites In each of these rocks the quartz content was greater than
60%. The Laurel No. 2 D.D. hole specimens contain 65% quartz, but
a low feldspar content, coincident with fairly abundant garnet.
It is a garnet~feldspar—guartz granulite, rather than an aplite.
The specimens from Thackaringa, the Pinnacles, Big Hill and Redan
are true aplites, and the percentage of quartz ranges from L4L5% to
60%., These roks contain a high percentage of feldspar, and very
little garnet, blotite and sericite,

2, Plagioclase,

This is nearly completely absent in the garnet quartzites,
but reaches a maximum of JOX in Pinnacles aplite. The above
mentioned aplites of Thackaringa etc. consist largely of plagioclase
with subordinate orthoelase, Thus a minimum would be 25% with a
maximum percentage of 40%. In most cases the composition is that of
andesine or oligoclases

3. _Orthoclase

Orthoclase is subordinate to plagioclase in all the aplites,
Redan splite contains the two feldspars in approximately egual
proportions., Other aplites have plagioclase at least 10% greater
than orthoclase., The South Mine quartzites etc., show a reversal
here. However, orthoclase itself is never abundant, and usually
less than 5% Sericitisation, which is most intense in these rocks,
excluding garnet gquartzite and epidosite, must have been at the
expense of much potash feldspar, It is noteworthy that the aplites
from Thackaringa, Pinnacles, Big Hill and, to a lesser extent, Redan,
show similar relationships between potash feldspar, plagloclase and
gquartz as regards their relative proportions. Intergreqth and
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eutectic relationshipe between orthoclase and plagioclase are
not apparent., Also, microline, a common constituent of many
feldspar-rich metamorphic rocke is entirely sbsente

i, Sericite

Moat of the rocks examined are slightly sericitised.
Epidosite qguartzite and g arnet gquartzite contain no sericite at all,
This also applies to several aplites from Thackaringa and the
Pinnacles districts., Apart from these instances, partial
sericitisation, particularly of orthoclase, wae recorded in the
other specimenss Big Hill and Pinnacles aplites are slightly
gericitised, with little or no alteration of the plagioclase,
but sericite is rare in the Redan aplites,

5. Blotite

This occurse in specimens from the South Mine, Laurel
Noe 2 hole, and is a minor mineral in Thackeringa and Pinnacles
aplites. Other aplites, those of Redan, Big Hill and a few
sections from the Pinnacles contain no biotite, WNaturally enough,
the more gneissic aplites are the ones richer in biotite. The
mineral is very fine-~greined but in most cases shows a preferred
orientation. It is reddish-brown, iron-rich, and strongly
pleochroic,

be Garnet

Almandine garnet is present in some rocks of aplitiec
appearance from the South Mine, However, none of the aplites
from Thackaringa, the Pinnacles, Big Hill and Redan contain
garnet,

e Sillimanite,

This mineral was detected in & rock from the South
Mine. The occurrence was limited to a few specimens that were
not true aplites, but really metasomatic feldspar "quartzites",

8., Ziosite, epidote

Again, as in the case of sillimenite, epidote minerals
appeared only in the epidosite guartzites close to the main
lode channel,

9. Accessory Minerals

Ilmenite, magnetite, pyrite and rutile are of importance
as constantly occurring accessories. The first two are widespread
throughout. Pyrite and rutile are of more significances The
former is very abundant in Big Hill aplite and appears in
material from the Pinnacles and in the more "lody-type" aplites
from the Laurel No. 2 hole as well, and in South Mine aplites,

Thackaringa and Redan aplites contain no pyrite. Rutile occurs
as smell, often perfect, idioblasts in rocks from Thackaringa,
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Pinnacles, and Big Hill. It is absent in the Redan aplite and
in the South Mine and Laurel specimens,

CONCLUSIORS

Mineralogically and texturally the aplites from
Thackaringa, the Pinnacles and Big Hill are almost identical. In
the face of structural evidence which strongly suggest correlation
it is possible to state that the micropetrology of the rocks will
support such an interpretation.

The same cannot be said for the aplites and quartzites
from Redan, Laurel Nos, 2 hole and the South Mine, - These rocks
are distinetly different in thin section, as indeed is also true
of the hand specimens, However, the petrology does not prove
altogether that these rocks are not of the same stratigraphic
horizon. Unfortunately the problem rests on the question of
origin, which even after so many years of research still does
not stand above controversy. The important question tobe
answered is whether a metasomatic garnet—=quartzite at Broken Hill
could -be an eplite further afield, say as far away as the Pinnacles
or Redan, where the metasomatism and chemical exchangéa between
lode (l)intense. It must be emphasised that the essential
difference between these rocke is that of garnet and plagioclase
content., . However, Stillwell and Edwards have examined Broken
Hill uralite dolerites in which plagioclase was quite definitely
in the astage of being replaced by garnet, This was interpreted
as a change brought about by lode metasomatism, with the introduce
tion of iron and manganese ions into the dolerite,

Celde
Ca plagioclase + (Mn, Fe) (Mn, Fe, Ca) Garnet + sodium eilicate,

If a large percentage of the garnet in these garnet quartzites
wae replaced plagioclase, then the composition originally would
have been close to that of the aplites further afield, Howeveb,
this is mere conjecture, and no evidence of any replacement was
observed in thin section. The deficiency of potash feldspar in
these garnetised quartzites could be explained on the basis of
relative sericitisation., Orthoclase close to the lode is mnearly
always relict, and is engulfed in matted fine-grained sericite,
Away from the main lode development this sericitisation is but
minor, and orthoclase has been largely preserved. Thus 1t is
difficult to estimate the relative amounts of orthoclase

prior to sericitisation. Of course any introduction of potash
which must have occurred for the sericitisation of sillimanite,
would render such speculations completely indefinite, The epidosite
quartzites can be regarded in the same light., Conditions were so
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complex, and the degree of metasomatism of such variability that
no ready answers to these problems are available,

Sillimanite is another problem, This occurs rarely in
the aplitic "quartzites" exposed in the mines at Broken Hill, but
is completely absent in aplites further afield, The first occurrence
testifies to a sedimentary origin of these aplitic quartzites,
supported by other features, but it is not at all certain that these
other aplites were originally sediments, modified by intense
metamorphism, with or without diffusion of material,

In conclusion, the situation is as follows, Aplites
from Thackaringa, Pinnacles and Big Hill can be regarded as
belonging to the same stratigraphic horizon., Petrological evidence
does not support a correlation with the feldspathic "quartzites"
of Broken Hill proper. Redan asplite is a true aplite, and the
textures and mineralogy resembles those at Thackaringa etc. However,
accessory constituente, highly distinctive in the above ;ocks, are
absent in the Redan specimens. Any correlation would be extremely
tentative,

(1) Channel and adjacent rocks has been less,
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A DISCUSSION ON THE ORIGINS OF ROCKS CLOSE TO THE

MAIN LODE.
1, Banded (bedded) Iron Formation
20 Amphibolites
3. The Sillimanite Gneisses
L, Sericite Schists,
5. Plagioclase "Quartzites"
6o Potosi Gneiss

Te Hanging Wall Gneiss



1. BANDED IRON FORMATIONS

A contact zone between quartz-garnet-magnetite
rock (the so=called "Banded Iron Formation") and a feldspathic
garnet-blotite gneiss was examined petrographically. It has been
anticipated that the contact selvages would bring forth some
evidence as regards the possible origin of either rock type, or
both. Specimen numbers A139/51, 52, 53 and 54 were used in
this study. This suite shows a good transition from massive,
finely-banded quartz—garnet-magnetite rock, through a siliceocus
garnet magnetite with quartzose bands, to & feldspathlc gneiss
with a fair percentage of magnetite and conspicuously large
garnets. Banding is very fine in the B.I.F. itself, but coarsens
as the gneiss proper is approached. These coarser bands are
siliceous and contain practically no feldspars. A sudden increase
in the feldspar content 1s coincident with the development of a
rather homogeneous feldspathic gneiss., Magnetite has decreased
markedly, elthough it is still capable of detection with a
emall Alnico hand magnet in the hand specimen of gneiss,

The essential mineralogical features of B.I.F. are the
abundance of manganiferous garnet (rather mofte brown in colour
than the ususl pink almandine), magnetite, guartz and apatite.

A chemical analyeis, culled from the Andrews Memoir, follows.

Chemical Composition of Be.I.Fe

810, 31e3h
Al,;04 8¢34
Fe203 32.10
FeO 6.75
MgO 0.94
cao 754
Nao0 0.11
K20 0.05
H20+ 0«52
HoO= 0.36
CO2 0.01
Ti02 0.40
Zro2 -
P205 L4.67
303 Tre

Cl 0.09
NiO + CoO tr.

MnO 7.08
V203 0.02
Total 100.30

SE. GXre 3. 809
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The chemical composition is that of an iron-rich
sediments, Several features are of significance;iw

l, The high iron content, largely as Fes0z. Iron ie
incorporated in both magnetite (over 50% of most
B.I.F, specimens) and in iron-manganese-rich garnets,

2. An a2bnormally high MnO content. MnO is conspicuous in
many chemical analysis of Broken Hill rock types. It
mey be a feature the originsel sediments, or alternatively
an element introduced during the emplacement of the main
lead—zinc lode,

3¢ A relatively high percentage of P,05 as apatite.
High Cl content suggests that this ?s chlor-apatite,.

he A Tairly high CaO content (largely as espatite, but
also in garnet),

Petrogenesis of B.I.F.

W. Re Browne (1922) wae of the opinion that these
rocks were initially intrusive rocks, possibly as a differentiate
of a gabbroic magma. He suggested that the abundance of apatite
was characteristic of igneous percentage, and that flakes of
muscovite present were derived from the intruded sediments. A
common origin was propounded for B.I.F. and hornblende~rich
amphibolites on the basis of both containing manganese-rich garnets
of supposedly primery origine.

Be P. Thomson also discusses the association of the iron
formations and conformable, banded amphibolites. These rocks
have been found interbedded by H. F, Kings Thomson believes that
B.I.F, is & metamorphosed iron-menganese-lime rich sediment ﬁpich
has been decarbonated subsequent to deposition. The evidence
stated for such an origin is that:=

l. B.I.Fe. is remarkably persistent along strikee.
2. MnO and P205 content is fairly constants

3+ A sedimentation environment which favours the deposition
of calcareous sediments is apparent from other rock
associations. The prevalence of limey sedimente is a
feature of Broken Hill sedimentologye

Discussion & Conclusgions

It is quite certain from field evidence that BeI.Fs
is sedimentary in origin. Although horizons of this materiel are
rather spasmodic in distribution, they are locally continuous
and always perfectly conformable with the sedimentary sequence.
A patchy blanket of B.I.F. covere most of the district.
Microscopic study of contactis is suggestive of a
sedimentary change in lithology. 1In the special case of BeI.Fe
changing to granitic gneiss, the contact is suggestive of e
metasomatic transformation, rather than a distinet change from
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iron-rich sediment to feldspathic sediment., Three phases are
obvious from an exsmination of thin sections:

l, Very fine relic sedimentary banding due to an
alteration of layers of magnetite, garnet and quartz.

2. A coarser banding in which the structure is somewhat
gneissdse, Blotlite and a little muscovite may be
present along planes of faint echistosity. Maegnetite
and stringere of fine-gralned garnet are separated
from seams of coarser quartz crystals,

3. TFeldspathic gneiss in which banding is obscure and
vaguely definable, due to black, aligned flakes of
biotite and minor elongate segregetions of magnetite.

Both rock types, B.I.F. and feldspathic gneiss, are
regarded as of sedimentary origin here. The most impressive
feature is the "onset of silicification! of the outer shell of
BeI.Fe It is suggested that during metamorphism there was a
preferential migration of mobile silica into the B.I.F. with a
corresponding exchange of magnetite, The B.I.F. gradually
merges into feldspar-garnet gneiss by a process of enrichment
of siliceous layers initially in the far-reaching guartz, and
then in quartz and feddspars. Magnetite bands, now distorted
and irregular, often knotted, have diffused into the body of
feldspar gneiss in exchange for quartz and feldspar which
enlarged and coarsened relict sedimentary bands in the B.I.Fs

The chemical composition (see analyses provided)
is that of sn iron-rich sediment. An igneous rock of such a
composition would be peculiar, to say the least, If it is
accepted that these rocks were sedimentary, then an investiga-
tion of the nature of the iron-rich sediment is of interest,
Iron=rich sediments may bei~

l, Bedded iron silicates: including greenalite,
chamosite, glauconite, minnesotoite, and others,

2, Bedded iron oxides:hematite, limonite, magnetite.
3+« Bedded iron carbonates: largely siderite.

There is no need to seek further than the iron oxides
to explain all features of B.I.F. In most cases oxides and
hydroxides of iron are mingled with impurities such as particles
of quartz, clay minerals, calcium carbonate and oxides and
hydroxides of manganese, The environment of deposition of these
sedimente is of such a nature that oxides and hydroxides of
iron and manganese could he chemically precipitated with
carbonates and phoephates of calcium in subordinate amounts,.

The siliceous banding, sometimes extremely fine, but
usually variable, would suggest a settling of sand grains
between periods of precipitation of layers of iron oxides, This
banding typifies these formations and ie a characteristic relict
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sedimentary feature. An interesting article appeared in
“Economic Geology", Volume 50, 1955, Number 5, by Eugene Ae
Alexandrov. In a study of Precambrian banded iron ores he
suggested that the intermittent banding of silica and iron oxides
in Precambrian banded ores was caused by the selective weathering
of the Precambrian soil. Due to the seasonal changes of
temperature, amount of preciplitation, and the alternately higher
and lower pH range of the leaching solution, the Precambrian

8011l yielded:~ :

1, ©Silica during the warm season, and
2. Iron oxide during the cool period of the year,

The fineness of the banding of these rocke at
Broken Hill does not weight against this explanation. Indeed,
the banding prior to metamorphism may have been even finer,
Metamorphic recrystallisation is often accompanied by a
coarsening of grain size, The banding would necessarily be
extremely fine 1if such a theory was to be entertained. Very little
sediment would accumulate from season to season « hence the
deposition of a finely laminated sediment.

Chemical deposition of calcium carbonate, iron
minerals, manganese minerals, phosphate, evaporites and organic
matter has been discussed recently by Krumbein and Garrels,
They have shown the relationships between deposition of these
materials and the variations of hydrogen ion concentration, pH,
and redox potential, Eh, of the enviromnment. Their classification
of chemical sediments shows the relationship of "“end members"
to Eh and pH, and indicates the genetic relations among the
chemical "end members',

The pH-Eh graph (following page) summarises the
occurrences of end members within certain well—defined limiting
values of Eh and Ph, characteristic of the environment of
deposition., Hematlite, limonite, oxides of manganese, sillca and
calcium phosphate occur within the field "A", and all may be
precipitated from solution under these conditions. Thus the
association of iron, manganese, silica édnd apatite in B.I.F. can
be accounted for. The high percentage of alumina, originally
deposited as clay minerals, must also be explained. Unfortunately
the conditions of precipitation of the remarkably varied clay
minerals have not been satisfactorily formulated. The presence
of clays in many marine bedded iron ore deposits, however,
testifies to a precipitation under similar physico-chemical
conditions.
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A pH-Eh control is not applicable to any form of
depos ition within a " gwampy" or epineritic enviromment, where oxides
or hydroxides of iron and manganese may accumulate as flocculating
colloid particles. The treatment has only been applied to chemical
sediments of marine origin., The association of these bedded iron ores
with horizons of limey sediments, sheles, arkosic quartzites and
guartzites at Broken Hill strongly supports a chemiéal origin under
marine conditions of deposition, rather than colloidal settling
within a confined basin or swamp area,

Are there any advantages in postulating an origin by
deposition of iron silicates or carbonates? Both elternatives
have certain difficulties. The iron silicates may form thinly
bedded and laminated rocks. Calcium and phosphorus contents here may
be quite high, and manganese (often nodular) ie a frequent associate
of these sediments. However, on metamorphism, the overall =silica
content would be rather high, which is in conflict with analyses.
These are doubtless theories which could provide e means of iron
concentration and removal of silica, but the simplicity of oxide
or hydroxide precipitation renders unnecessary any exploration in
this directions,

The process of decarbonation must be explained if the
iron compounds were deposited as carbonates, In addition, there is
no evidence of any relics of calcite, siderite, etc, or, for that
matter, of iron silicates. Remnants would not be expected if
complete metamorphic eguilibrium were established, but such is
rarely the case in practice,

Thus, in conclusion, it can hardly be disputed that the
BeI.Fe's were originally chemically precipitated oxides and
hydroxides of iron and manganese, along with some clays,minerals,
sand and lime,

2. AMPHIBOLITES CLOSE TO THE MAIN LODE.

Broken Hill amphibolites are normally coarse-grained
granoblastic rocks consisting chiefly of hornblende and subordinate
calcic plagioclase, with minor guartz, garnet, zoisite and magnetite.
They may be more or less banded. The banded types can be seen to
grade into massive, hornblende-rich amphibolite with little or
no banding.
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Relation of amphibolites to other rock types.

Amphibolites are related to banded iron formations
in some localities. Here it is notably rich in magnetite, and
constitutes a serious magnetic anomaly to be considered in any
magpetic survey. At other places it is intimately associated with
feldspathic gneise, both t hose types resembling Potosi Gneiss and
also the Hanging Wall gneisses. Many gradations have been observed
where amphibolite gredes through an amphibolite~rich Potosi-like
material (the so-called "Potobolite") into quite good Potosi Gneiss.
In addition, interpretative cross-sections north of the De Bavay
fault clearly shows Hanging Wall Gneiss "B" lensing out, and
amphibolite taking its place (Bee cross—section "AA"), These
associations must have some bearing on the possible origin of the
emphibolites

Petrogensis of Amphibolites,

It would asseist in eluclidating the general stratigraphiec
gsequence 1f clarification of the likely origin of these bedded
amphibolites were possible, An explanation of cross—cutting bodies
presents no difficulties. These rocke were origirally igneous
bodies of basaltic composition, injected into planes or openings
of weakness. Regionsl metambrphism has had a retrogressive action
on the igneous assemblage so that the mineralogicel composition hase
changed to that of an amphibolite, Of course, this reasoning can be
applied to the conformable, "bedded" amphibolites with equal success.
However, the qguestion must arise as to whether these rocks were
initially sediments, locally rich in iron, calcium, magnesium and
alumina, which on metamorphism have changed to amphibolite, Quite
definite evidence of such a change exists in many amphibolitised
areas, and may also apply to many amphibolites near the lode at
Broken Hill,

From a comparative investigation of banded amphibolites of
the Peak Hill = Silver Rock - Apollyon Valley areas and from the
Broken Hill Basin, A. B. Edwards has concluded that the latter were
not metamorphosed impure magnesian limestones, The aﬁphibolites
from Peak Hill etc. were derived from limey sediments in which
MgO=~rich shaley limestone bands alternatedwith CaO-rich bands. BSubse-
quent regional metamorphism hes produced a striking green a nd grey
bandinge. However, Edwards believed that the traneition from
metamorphosed limestone to typical amphibolite is not borne out by
petrographic examination. He invokes metasomatism to explain the
transition. On the basis of fundamental differences in mineralogical
composition and t extures between the amphibolites of sedimentary
origin, and those in the Broken Hill Basin, Edwards dismisses the
concept of a sedimentary origin of the latter,
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Be P. Thomson on the other hand gives a sedimentary
parentage to all the amphibolites; +that of mixed dolomitie,
arenaceous and argillaceous sediments. The rocks have been
metasomatised in conjunction with the transformation of pelitic
sediments into massive metasomatic pegmatite. Considerable mpbility
of iron, magnesium and aluminium was implied. As evidence he cites
the association of amphibolite and large masses of metasomatic
pegmatite in the Corruga Anticline. Here, rocks below the granite
gneiss are selectively pegmatised, and amphibolites are abundant.

In contrast, the sediments between this anticline and Broken Hill were
sparsely pegmatised and notably lacking in amphibolite. Impure

limey quartzites and epidosite have developed instead of emphibolite,
The behaviour of iron was recognised as a major difficulty., At

Silver Rock, rather iron-free limestone has b een locally converted

to a rock consisting chiefly of iron-rich amphibole, A "basic

front" hypothesis was adopted by Thomeon to explain this enrichment,

Discussion

A number of rock suites were collected at Broken Hill
which illustrate contacts between amphibolite and other common
rock associates, It was thought that a microscopic study of these
rock types, and of various stages of amphibolitisation, as apparent
from transitional contact selvages, would throw some light on the
possible origin. The following suites appear under "Rock Slide
Descriptions':

l., Thin sections A139/33, 3L, 35 and 36 which represent a
transition from “Potobolite" to coarse-grained amphibolite,

2, Thin sections Al139/59, 60, 61, 62 and 63 which show a contact
between sericite schist and massive granulose amphibolite,

3. Thin sections A139/41, L2, L3, 4L, 45, L6, L7 and 48, which
illustrate a gradational contact between sericite~biotite schist
and rather sheared-~out, foliated biotite~amphibolite,

L. Thin sections A139/L9a, 4Sb, and L9c; a transition from a
feldspathic garnet-bilotite gneiss to streaky amphibolite,

Many other thin sections were described, but because of a
general similarity to the above suites, and also similarities
between individual specimens, these have not been included in the
section containing rock and thin section descriptions. They have
been included in the "Cross-section Specimen Locations',

It is suggested that the majority of the amphibolites
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in the vicinity of the main Broken Hill lode were injected igneous
rocks, possibly basalts or dolerites, which have subsequently
been subjected to retrogressive metamorphism. A discussion of the
pros and cons influencing this opinion follow:

1.

2.

The amphibolites are lensy in form., However, this does not
tell against a sedimentaby origin. Sedimentary lenticularity
is a common feature of sedimentary horizons in many areas,
Lensing=out, due to "flow thinning" along fold limbs could also
explain this feature, However, injected igneous masses are
necessarily lenticulare

The conformable nature of many amphibolites would seem at first
glance to point to & sedimentary parentage, but in most cases these
bodies are associated with fissile sediments. Any injection of
magme, especially a mobile, low-viscosity basic magma of

basaltic composition, would show preference to plenes of weakness
(bedding planes) in the sediments. Thus the interbedded nature

of amphibolites and metamorphosed sediments casts no real doubts

on an igneous origine

3« The chemical composition is a major factor supporting the
igneous origin. Analyses are showibelow:—

10 20 30 LI'O
Ci02 53450 5154 Ly, 06 47,38
Al203 16,10 14,69 12,61 14.63
FeO 16.20 15.97 19.42 15.71
Fep03 1,60 Oel? 035 0.66
Cal 7+50 792 10.75 e 60
MgO 0.90 2.89 720 9.07
Na20 0.50 1.16 017 0. 64
K20 1.60 1.39 1.96 0.78
HoO + O.L40 0.19 0.17 0.15
Ho0 =~ 0.30 0. 8L 1.83 0.60
C02 0.24 0.02 0.08 0.08
Ti0, 0.49 2,00 1.39 1.40
MnO 0+95 0e70 0«52 0.15
P20 - 0.75 0434 -
Total

Thege figures were obtained from Andrews, p360,

1. Garnet amphibolite, Alongside caretaker's house,
M.Le 38. Analyst, G.T. Pyke.

2, Garnet amphibolite., Oxide Street, midway between
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Slag end Carbon Streets. Analyst, F. H. Searcy.

3. Amphibolite, Near Hanccey's house, Analyst,
F. H. Searcyes

L, Amphibolite. Intersection of Block 16 and Menindie
Railway. Analyst, J. Whitelaw,

These rocks are irone~rich, and unusually rich in

titanie (as sphene or ilmenite in the amphibolite),

Ca0 and MgO are also rather high, with silica often

less then 50%. The composition is that of a typieal
basalt. Often the amphibolite is nearly entirely
hornblende of an iron-rich variety, with subordinate
calcic plagioclase. A sedimentary rock with a bulk
chemical compeosition from which this could be derived
would be peculiar, It would consist of an iron
carbonate-rich magnesian limestone, with a relatively
high Tioé content and & low silica percentage. Advocates
of a sedimentary origin must therefore turn to considerable
iron, aluminium, magnesium metasomatism to explain such
a composition,

Banding is sometimes fairly prominent in the marginal portions

of amphibolite bodies., These consist of layers, often coarse

and patchy, which are rarely continuous, They are alternations
of crystalline hornblende on the one hand, and a rather calcic
Plagioclase with minor, often insignificant quartz on the other,
Garnet-bearing amphibolites, abundant on the western side of the
main lode (Stillwell, 1922), show a greater degree of banding,
and the white layers are fairly siliceous. It was noticeable
that these rocks contain correspondingly less hornblende, and

the obvious inference is that hornblende hes given way to

garnet and silica., The slight increase in silica content as shown
by chemical analyses (see analyses 1 and 2) could be explained by
a minor metasomatisme Silica is a particularly mobile species,
and an introduction from associated sediments during metamorphism
would be quite likely, Epidote is a frequent constituent of the
lighter bands or streaks, although it never reaches any great
proportions, It is a low temperature derivative of the calcie
plagioclase, Metamorphic differentiation can be used quite
satisfactorily to explain the phenomenon of banding. Reliec
bedding of a sediment, considerably modified by metamorphic
reorganisation of materials, is the alternative suggestion. The
fact that contact selva ges show,a rapid diminution in the

degree of banding, such that the "amphibolitised" zone changes
sharply to coarse-grained, granulose amphibolite, militates
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against a sedimentary banding. More likely the bande are the
result of metamorphic diffusion of ions from the adjacent rock
bodies, with a corresponding movement of horneblende in the
opposite directions Association of "like" species has produced
the bandinge

5¢ The contact mineral assemblage evidence is on the whole rather
inconclusive., It was apparent that in the case of adjacent
feldspathic gneiss rock types, a quite gradual transition was
usual. The amphibolite~proper was reached by an imperceptible
increase in horneblende, accompanied by a decrease in quartsz,
feldspars, garnet and biotite. All intermediate stages were
observed -~ "Potobolite", for example, Contacts with sericite
schist are, however, quite sharp. Stress effects are apparent,
with a development of fibrouse amphibole, but, neverthelese,
there has been little mobilisation of amphiboles, and banding
is always poor or absent, It is suggested that the granitic
gneisses contain a greater proportion of mobile components
which can move freely during metamorphism, producing a gradational
contact. A small-scale metasomatism is invoked, but the words
"small~scale® must be emphasised, The tendency is to dilute the
iron~magnesia concentration of the amphibolite by diffusion
across rock contacts, rather than to concentrate it, as would be
the case if a metasomatic sedimentary origin were adhered to.

6. It has been suggested by A. B, Edwards that the amphibolites
are genetically related to near-by pyroxene granulites., The
granulites are of igneous origin, but they exhlbit a degree of
banding comparable with many smphibolites. Retrograde metaw
morphism conceivable converted originally igneous material to
pyroxene granulite = a further stage backwards would see the
development of amphibolitess

Conclusion
In conclusion, it is suggested that the chemical evidence

is the main factor influencing a decision in favour of lgneous
origine for these rocks. This is coupled with the inadequacy of the
metasomatic process, which must be highly selective and at the same
time involve intense concentration locally of iron, aluminium and
magnesiume The existence of metasomatism is not questioned, but

the nature and degree of metasomatism required here is disputed. An
igneous origin explains all features of the amphibolites adequately.
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3e THE SILLIMANITE GNEISSES

High grade regional metamorphism is characteristie
of the Broken Hill district., This has resulted in a widespread
development of sillimanite gneisses from originally argillaceous
sediments., These gneisses, consisting chiefly of garnet (almandine),
s8illimanite, biotite, quartz and cordierite, are well known in the
zone of intense dynamothermal metamorphism close to the main lode,
but are by no means restricted to the lode area. Surveys (Central
Geological Survey and Enterprise Exploration) have revealed a wide
distribution over the entire district.

Field observation, along with petrographic and chemical
studies, all support a sedimentary origin for these rocks. Bands
of gneiss are not continuous laterally, but this does not detract
from a sedimentary origin. Sediments are frequently lensy, and
undergo contunual facies changes along strike in some locelities,
these features being dependent on the environment of deposition.
The original shaley material is often thinly bedded and intercalated
with sandy and arkosic layers which testify to a sedimentary sequence,
A gradation in the size of garnets as a quartzite contact was
approached was noted by Gustafson. This can be explained by a
change in the bulk chemical composition of layers of shaley sediments
being deposited, as the conditions of deposition varied. 1In
addition, original bedding planes have often been preserved,

About half a dozen thin sections of typical garnet-
sillimanite gneigs and biotite~sillimanite gneiss were examined
microscopically, and many other gradational types (richer in
feldspars etc.) were studied in an investigation of the petrogenesis
of the Potosi~like gneisses. Sillimanite gneisses are often
sssociated with Potosi Gneiss, and appear to grade into the latter
by a steady soakage in feldspars.

Included under "Rock Slide Descriptions" are A139/20 and
A139/100, both as "end members" of sultes illustrating transitions
from Potosi Gneiss to garnet-—sillimanite gneiss and sillimanite-
biotite gneiss respectively., Slides A139/65 and 66 are also good
examples of sillimanite gneiss. Specimens A139/71, 72, 73 and 74
are intermediate members of a suite showing a chenge from sillimanite
gneiss to sericite schist. However, 71, and 74 are not really
typical of sillimanite gneiss and sericite schist, respectively.
Specimens A139/20 and A139/41 are required as "end members" of the
suite, Other suites and individual specimens, of which slides were
cut, are included under "Cross-section Specimen Locations",

The mineralogy and textures are typical of a highly
metamorphosed argillite., The mineral assemblage is garnet—cordierite=
sillimanite-biotie, with sillimanite and biotite always abundant,

but garnet and cordierite extremely variable., Quartz and feldspar
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contents are relatively low in most cases. These rocks have been
classified by F. J. Turner as;:=

Facies: Amphibolite,
sub~Facies : Sillimanite-~albandine.

Of minor interest is the presence of small stumpy zircons,
similar to those found in the granitic gneisses.

Chemical analyses of several sillimenite gneisses
appear on the following page, The composition is that of a typical
shaley sediment, high in alumina and silica, and containing a
relatively low calcium and sodium content. Ferrous iron is dominant
over ferric iron. Iron is incorporated in almandine garnet, and
in biotite, The relatively high MgO/FeO ratio could explain the
presence of cordierite in some assemblages, although the occurrence
of this mineral is rather spasmodic. The rock is deficient in
potash feldspars, but 1s often locally sericitised so that the
K0 content mey be abnormally high because of introduced potash,
The average K20 content is 4%, and potassium occurs meinly in
biotite, which is iron-rich and fairly abundant in most of the
gneisses, MnO is rather low, and mangenese is apparently confined
to garnet, The high alumina content, a feature of this rock, is due
to the predominance of sillimanite, biotite and garnet, all of which
incorporate alumina in their structures to some extent.

The sillimenite gneisses are of some importance in later
discussione on sericitisation and petrogenesis of the "pseudo=
Potosi CGneisses" and Hanging Wall Gneisses,
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Chemical Analyses of Sillimsnite Gneisses

1, 2e 3e b,
510, 59476 62.56 53.36 5k.02
Al203 20,08 19.41 25.36 27.24
Feo03 2.20 0.7 0s7 . 1l.45
FeO T+38 7.20 7.83 7.56
Mg0 2.32 2.12 2.11 2.13
Ca0 0.40 2.22 1.22 0.62
Na,0 0.49 1.86 0.76 0.60
Kp0 3.76 2,41 L.75 he21
HoO + 1.55 0.09 0.l 0.22
HoO = 0.27 0,61 1.81 0.95
COo 0.01 0.02 0.05 0,06
Ti0, 1,05 0.72 1.20 1.52
P05 0.19 0,07 0.14L -
MnO 0.18 0.29 0.20 0.20
cl Tre - 0404 -
504 nil - 0.02 -
Ba0O 0.19 0.09 0.09 nil
Total 100429 100437 100.16 100.46
Sp.__Gr. 2,903 2.903 2.904 2.89

Locations and Sources,

1. Andrews, p 299, Sillimanite gneiss from north-west
side of Round Hill., Analyst, H. P. White,

2, Andrews, p367. From cutting on Menindie Railway east
of Block 14, Analyst, J. C. H. Mingaye, Mines Depte

3. Mawson, p 284, 200' level, Rupee Mine. Analyst
Je. Ce He Mingaye.

4. Andrews, p 367, Near dam, North Mine. Analysts,
P. W. Monerieff, W. Usher, Zinc Corp. Ltd.



4, SERICITE SCHISTS.

Garnet—-sillimanite gneisses in the immediate
vicinity of Broken Hill have b een extensively sericitised, this
sericitisation having been achieved by a metasomatic addition
of potash and much water to the sillimanite gneiss. It has not
been confined within a specific horizon, but occurs in many
bodies of sillimenite gneiss, apparently in the zones of greatest
rock flowage. Thie sericite schist development is rather 4ifferent
from the metasomatic alteration of orthoclase, plagioclase, garnet,
etc., close to the main lode channel, Here, the feldspars,
particularly orthoclase, have changed to an aggregate of extremely
fine-grained sericite, randomly oriented within remnant mineral
grains, Blue-grey quartz, a mineral characteristic of the lode
horizon itself, has been introduced also, often on a large scale,
There has been little shearing stress acting on these rocks, with
no subsequent impartetion of a coarsely-crystalline echistosity.
Alkaline filuids have brought about sericitisation by a gentle
permeation and retrogressive transformatione.

Sericite schists away from the lode are distinctly
schistose, with large flakes of sericite and subordinate blotite
exhibiting a strong perferred orientation. Quartz grains often show
signs of strain, and have recrystallised under stress, with marked
elongation in the plane of schistosity. One problem is whether or
not this sericitisation should be linked with lode formation and
lode sericitisation (as apparent from close-in wall rock alteration,
and somewhat weaker, farther-reaching effects), Traces of lead,
zinc and iron sulphides, gehnite and galena, sre apparent in these
rocks, but this is a feature of nearly all rocke at Broken Hill,
even those on which metasomatism has been almost negligible. (e.ge
B.I.F.). Lode metasomatism in many cases has not involved the
addition of much mobile potash, although water, in large gquantities,
is essential. In the majority of cases it is the potassium~bearing
minerals which have been altered, with & partisl alteration of
plagioclase and garnet (often insignificant). It is suggested that
the introduction of Potash near the lode was accomplished by
extremely dilute solutions, and that much of the metasome (x* ionms)
mey have been extracted from decomposing potash~bearing minerals,

Maximum development of sericite schist is most
apparent where sillimanite gneisses predominate; there has been an
obvious change from sillimanite gneiss to sericite schist. The
nature of the change ies of prime importance. Retrogfade
metamorphism generally involves the formation of minerals more
hydrous than those preceding. Thus here, sillimanite has changed
to sericite. This alteration has been complete in nearly all
specimens of sericite schist examined, but relict sillimanite,
engulfed in a mass of fine-grained sericite, has been observeds
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Chemical analyses (next page) reveal a considerable
difference, often 3% to L%, in HoO+ for sericite schist and
garnet-sillimanite gneiss, Water may, or may not, be introduced
from an outside source in such a case, It is always posslible to
postulate that the water may have been locally accumulated in
the original shaley rocks. the mineral assenmblages may have
retained equilibrium with a dense hydrous vapour at the stage of
maximum intensity of metamorphism, but during the subsequent decline
in temperature hydration may have been affected., Thus, if the system
had been a closed ohe, sericitisarion would have been an integral
part of the regional metamorphism. However, the analyses also
require an increase in potash of several percent, which suggests
that the system was open and that both water and potash (possibly
as a soluble potassium silicate) were introduced. It is unlikely
that the higher K,0 content of the sericite schists is a peculiarity
of the original sedimentary formations, Distribution of sericite
schist is not controlled by original sedimentary features, such as
a lenticular change in facies,

The association of sericitisation with zones of rock
flowage substantiates the hypothesis of an open system. Internal
deformation is the main factor in the sericitisation of this area.
Stress alone cannot bring about sericitisation, but it acts
indirectly, opening rock pores and providing channels of easy
access, These channels are, more explicitly, planes of weak
cohesion and discontinuity which may be a function of original
bedding, flow cleavage, fracture cleavage, or an earlier schistositys
~Chemically active fluids may then cause gsericitisation by move~
ment through the deformed rock, permeating along, and spreading out
scross these planes., Growth of platy micas, both sericite and
biotite, would be expected along and parallel to the planes of
permeation; hence the retuntion of a fine schistose structure,
characteristic of the pre-formed sillimanite gneisses and schistsg,

It is significant that the zZones of maximum sericitisation
are confined to areas of intense deformation by "plastic flow folding".
Thus on the western side of the main line of lode, where complex
folding predominates over faulting, sericite development is very
extensive, To the east, where rocks of a highly competent nature
have yielded more by fracturing, sericitisation has been confined
to quite thin zones. This distribution can be seen more clearly
from the plan and interpretative cross-section of the DeBavay area
on the following page. Stress relief by fracturing on the eastern
gside of the lode has regquired no great internal readjustment in the
beds, but on the west, for the beds to conform to the fold shapes
shown without fracture, intense rock flowage with metamorphilc
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recrystallisation is required along planes determined by stress
conditions. It is suggested that sericitisation was accomplished
during this upheaval by an introduction of alkaline (potash-rich)
fluids from an external source, possibly magmatic. Rock

flowage favours the incompetent beds, i.e. shale or derived
garnet-sillimanite gneisses, and sericitisation is therefore

more apparent in these beds,

The “granitic gneisses" have also suffered a widespread
but less intense sericitisation. Here the mica is extremely
fine-grained, and occurs as long streaks or elongate pockets,
intimately associated with biotite within the foliated layers of
the gneisses. Streake of sericite invariably parallel the planes
of schistosity. The directed growth is suggestive of a structural
control of the metasomes, and the fine-grained nature and
randomly-oriented distribution of sericite on the shear planes
shows that no movement has taken place since their growth. Thus
sericitisation occurred after the main folding which had causedthe
gneissose and schistose structures to develop in the rocks,

In conclusion, the following points are worthy of mnote:

1. BSericitisation here is a metasomatic change of
retrograde effect,

2, It is not an integral part of the regional metamorphism,

3. It is controlled by structural deformation and can occur
to some degree in all rock types providing localised stress
relief has opened zones of access to the metasomes.

44 Rock folding has not been locally complicated because of
"flow" areas of pre-folding sericite schist. Sericitisa-
tion followed the complex foldings

5« There is no real evidence that the sericitisation of rocks
away from the main lode is in any way connected with
lode emplacement,
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Chemical Analyses of Sericite

Schists and Garnet=sillimanite Gneiss

115 24 3 L

510, 59.18 56463 67.17 58.88
A1203 2L, 02 22,25 16,78 21,83
Fe503 0.50 0457 0.89 4.60
FeO 6426 6.87 5.40 2.25
MgO 1,67 1.54 0.43 1.03
ca0 0.56 0.65 0.61 O« 54
Na,0 ' 1,07 0. 24 0456 0.66
K20 4.83 6¢84 2,92 5.9
HoO + 0.14 2.16 1.48 3.42
H,0- 1,01 0.21 0.08 0.16
CO, 0.05 nil Tre 0.01
T10, 0,88 0.93 0.88 0. 52
Py05 - 0417 - 0.18
Mno 0.08 0.71 2.73 0403
503 0459 0,02

Ba0 0.14 . 0.11
Cl 0.02

P 0.13

Totals. 100,25 100,50 100.04 100,16

1. Sillimanite gneiss. Main cross cut, 1550' level, North Mine.
Andrews, p367. A typical sillimanite gneisss

2. Garnet-sericite schist, with remmants of sillimenite,
1370' level, South Mine. Analysts, Avery and Anderson.
Water content is lower because of partial sericitisatione.

3. Garnet—quartz-sericite schist. Footwall, King shaft orebody
in British Fault, Junction Mine. Analyet, G.C. Carlos.
Quartz layers cause the high SiO, content. H,0+ is 8till high,

L. gericite schist derived from sillimanite gneiss, Fox Basin,
Andrews, p 302, The highwater content is of interest,
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5e THE PLAGIOCLASE Y“QUARTZITES"

Intercalated with fine bands of sillimanite gneiss
are thin psemmitic bande of recrystallised guartzo-feldspathic
sediments known as "guartzites", These rocks are obviously
sedimentary, but are umusual in that soda content is higher than
potash, and Ca0 higher than ¥g0O. This leade to an abundance of
calcic plagioclase, with very little orthoclase or microline.
The "quartzites" consist chiefly of granoblastic quartz, plagioclase
and subordinate pink almandine garnet, with traces of borwn biotite,
Chemical analyses of typical Broken Hill “quartzites" are shown on
the following page.

A detailed study of these rocks was not made, but a
discussion 1s of some value in as much as their origin seems to be
analogous to many other feldspar-rich granitic gneisses, granulites
and "aplites" in this district.

We Re Browne,

W. R. Browne suggested that most of these plagioclase-
rich "quartzites" were in fact altered (severely metamorphosed)
igneous rocks. He believed that abundance of plagioclase, especially
that of andesite-bytownite compdsition, was foreign to.a sedimentary
rock,

F, L. Stillwell

Stillwell, on the bais of 1=

l. granoblastic texture.
2, detrital quartz grain outlines,
3. rounded zircons,.

gave these rocks a sedimentery origin. It was considered that
pPlagioclase could be developed if the necessary lime was presente
Stillwell suggested a definite relationship between granulites
(granoblastic plagioclase quartzites with pegmatitie veining)
and Potosl Gneisss The guartz-orthoclase~plagioclase veinse were
attributed to "metamorphic differentiastion",

Be Pe Thomson

Thomson agrees with Stillwell. He states that the
abundance of plagioclase is no diffieculty, but accords with recent
views on sedimentation and diagenesis. He presents further evidence
of sedimentary character in the presence of graded bedding, visible
in thin section of plagioclase quartzite, Also a resemblance to
graded bedding occurs megascopically in fine-grained sandy beds,
interbedded with sillimanite gneiss.



3102
A1203
Fe0
Cal

Nas0
K00
HoO +
HoO =
COs
Ti0,p
P205
MnoO
BaO
8503

Total

SE. Gre

1.

2.

3
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Chemical Composition of "Quartzites",

76498
11.01
LSk
0.26
2.38
0.61
O.l1
1.95
0.11
0. 64
0.05
0.75

0.22

99.89

2,78

86.60
5.85
2,96
0.07
2,00
0.15
0.66
0.82
0.20
0.22

0.20

0.19

99.92

2.70

86.40
7.20
3.,02
0.6l
0.76
0.13
0.45
0.84
0.10
0.65

0.20

0.13

100452

2,69

"Quartzite". Open Cut, South Mine. Analysts,
W. Usher, P, Moncrieff, Zinc Corp.

"Quartzite"., M. L. 38, Central Extent, near
Anslyst, J. Whitelaw,

Caretaker's house,

"Quartzite", Quarry, Block 1l4.

Analyst, J. Whitelaw,
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Diseussion
The main evidence for a sedimentary origin lies in the

nature and form of the rock bodies, The following features can
act as a sunmary:-

1, Thin bands of "guartzite", laterally continuous, are
interbedded ,with other sediments (e.g. sillimanite gneisses,
etec), and often show pronounced alteration from "quartzite"
to gneiss to "quartzite', and so on.

2, Evidence of graded bedding (Thomson). This is a metter of
petrological interpretation, however,

3. Contacts between "quartzites" and other rock associates are
sometimes quite sharp, especially when the rocks are thinly
bedded, Diffusion of meterials during metamorphism has
blurred many of these, however,

Most geologists now accept the sedimentary origine. The
degree of metasomatism, however, is likely to be controversial. One
can accept the high Cal0 and N320 contents as original calcium and
sodium, or it is possible to introduce these ions into the "guartzite",
Much metasomatism has occurred near the lode, with introduction of
vast quantities of blue guartz and minor gahnite etc. into many
rock types. Stillwell has described "metasomatic quartzites'" close to
the lode. However, the "lime metasomatism" which would be required
must be highly selective so that thin sheets of "quartzite" have
retained a uniform composition after metasomatisms, It is more
convenient to regard the original sediment as being lime-riches The
metemorphism of a sub-greywacke would produce these quartzites,

The occurrence of a small proportion of plagioclase feldspar is no
difficulty, and the chemical composition is sufficiently high in
iron, alumina and potash to account for the formation of garnet,
biotite and minor sillimanite on metamorphism,

Petrographic evidence is not conclusive, but from the
mineralogical aspect two features are noteworthy:-
1. The occurrence of sillimanite, which is rare in
igneous rockss

2, Abundeance of rounded zircone which characterise sediments
and metasedimentss

Textural evidence is useless. A granoblastic texture
would result from the metamorphism of both igneocus and sedimentary
rocks. This also applies to metasomatic derivatives.

Conclusion
Thus the position is that all evidence field, microscopic

and chemical, strongly suggests a sedimentary origin. The original
sediment may have been modified by calcic and sodic feldspathisation
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during metamorphism. However, this may not be entirely necessary
for the attainment of the present bulk chemical compositions.

6. THE ORIGIN OF THE POTOSI GNEISSES

This rock type has been described in some detall in
foregoing sections., As Thomson has pointed out, the high Cal
content (sometimes 5%) is the main factor in the mineralogical
difference between t his rock and the garnet-sillimanite gneisses with
which it is often closely associated, Both in the field and at
underground exposures i1t can be seen to grade into sillimanite gneiss,
It has been suggested that the Potosi Gneiss was the result of
sporadic pegmatisation of the sillimanite gneisses. This is supported
by the lensy nature of Potosi Gneiss within horizons of sillimanite
gneiss, but hae found no closer supportes However, evidence in
favour of a metasomatic origin has recently been disclosed by
detailed mepping of Kintore and South shaft cross-cuts, Potosl
Gneiss "B" in this case lenses out at various points, but its place
is teken by a massi¥e pegmastite, sometimes with a development of
several feet of Potosi~like material at its contacts. This Potosi=
like gneiss is undoubtedly metasomatic, but there is no implication
as to a specific metasomatism of garnet-slllimenite gneiss., An
intercalated lens of "quartzite!" may have suffered this pegmatisation.

Of some importance in deducing an origin is the occurrence
of the so~called "pseudo-Potosi Gneisses", described in a previous
section., These rocks undoubtably occupy separate stratigraphic or
structural positions. They are lensy and perfectly conformable
with encleing sillimanite gneisses and metaquartzites, Curiously,
though, their textural and mineralogical chéracteristics are
remarkably uniform within the one horizon. Thie suggests that these
bodies are local variants of the argillites which now appear as
sillimanite gneiss., They may have been argillaceous sandy lenses
depoasited at the same time or during periods of non-—deposition of the
purer argillites. This is the best explanation of the apparent
similarities between pseudo-Potosi Gneisses at different stratigraphic
levels, and the consistency of mineralogical composition withlin any
one body., A selective metasomatism of a favourable bed would also
explain the lensy and conformable form adequately, but would it have
equal success with the problem of uniformity ofmineralogy and textures?
One might answer in the affirmaetive if these rocke were only of local
extént, but thege lenses are widely distributede A consistent
metasomatiem in a favourable horizon extending over several miles
must be invoked,

Chemical anslyses of Potosli Gneiss are shown on the

following page. These resemble sillimanite gneiss closely, apart
from Ca0 content. A chemical study of these rocks cannot prove
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conclusively whether the rock was originally igneous or
sedimentary., Both have difficulties, but it must be emphasised
that sediments do occur with this composition, so that the
analyses do not weigh against a sedimentary origine

A microscopic study of gradational contacts and
individual rock types wasof little value. Findings have been
summarised for the suite A139/100, 101, 102, 103 and 10L in
"Rock Slide Descriptions",

The suite Al139/15, 16, 17, 18, 19, and 20 has also
been included. Both show a steady transition from granoblastic
garnet-plagioclase granulite (Potosi Gneiss "C") to sillimanite
gneiss. A139/104 is a garnet-sillimanite gneiss; A139/20 a
biotite-sillimanite gneiss, Thet ransitional contacts can be
explained in several ways:-

1. By a gradual metasomatism of sillimanite gneiss with an
eventual "end point" of Potosli Gneisss Most of the
gillimanite has changed to feldspars end g arnets have
recrystallised., Quartz content has increased either by
introduction of quartz or by release during metasomatism,
This process necessitates the introduction of alkalis,
principally lime,

2. A similar metasometism of another rock type = possibly
Yguartzite™, The mineralogical phase changes in this case
would not be of such a radical nature as those involved in 1,
The composition again needs modification by increase in lime,
but iron introduction is also necessary to account for an
increase in biotite and garnet, Mineralogical phase '
relationships may be of importance here. It is well known
that granitic magmas can make over rocks of similar
mineralogical composition faster than those of dissimilar
mineralogyes The esame may apply to metasomatic fluids,
Quartzites, possibly initially feldspathic, would need
little modification to become Potosl Gneiss, However, the
time factor may not be of any great importance, in which case
2« has no real advantage over 1,

3¢ A diffusion of mobile salic elements across & former sharp
sedimentary contact as a result of a marked chemical gradient,
This implies that Potosi Gneiss was initially a feldspathic
sediment, and has attained its present condition without
introduction or removal of material, The blurring of contacts
was the result of a restricted interchange of constituents
made possible by the thermal energy generated during regional

metamorphism, This amounts to metamorphic diffusion, a
process indicative of some considerasble degree of mobility,
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Stillwell in 1922 commented on the existence of
ptygmatic folding within the Potosi~Footwall Gneiss. He invoked
"metamorphic differentiation" as the process whereby these contorted
velns were formed. Again, here is evidence of diffusion of material.
To my mind this all suggests that the rocks were particularly
amenable to spakage by granitising or feldspathising fluids. The
internal movement of material could easily be supplemented by an
introduction of metasomes from an outside source

It was thought that minor accessory minersls such as zircons
and apatite might be of some aid in determining the origin. Morpholog«-
ical variations of zircon grains have been used successfully in the
determination of rock origins. This is in agreement with t he fiundings
of Poldervaart (1950), Slaviec (1952) and Wyatt (1953). Primary
igneous bodies such as pegmatites and orthogranites are charascterised
by euhedral, elongated zircons, with sharply terminated pyramids,
Well-rounded, stumpy zircons are suggestive of detrial grains in
sediments, Metasediments are characterised by rounded, moderately
elongated zircons. Care was taken to observe the shape, size and abund-
ance of zircon in these suites of sillimanite gneiss and Potosi Gneiss.
The shapes are identical; slightly elongated but always rounded.
However, zircon is more abundant in Potosi Gneiss, and quite rare in
the sillimanite gneisses, The conclusion to be drawn is that both
types were originally sedimentary, This does not necessarily influence
the question of degree of metasomatism, however. Recrystallisation
of zircon would not occur during such induration. The relative
abundance of zircon in the two rocks suggests that the recrystallised
and metasomatised sediment now seen as Potosi Gneiss was not a
sillimanite gneiss originally. If the initiasl sediment was feldse=~
pathic then zircon would be expected to occur more abundantly,

Zircons are common accessories of granitib-type rockse =~ the source
rocks of arkoses and suchlike. BShaley rocks contain a much smaller
proportion of zireon, This is slim evidence, however,

In conclusion it is posesible to propound two alternative
origine =
l, A "dry transformation™ of argillaceous arkosic sediments to
Potosl Gneiss by high grade regional metemorphism,

2+ Metasomatism of a favourable sedimentary horizon (probably
sillimanite gneiss or plagioclase "quartzite') by alkali
metasomes moving along bedding planes, schistosity planes, etc),

I believe that metasomatism is always a distinct possibility
where fluid mobility ha® been shown to occur. A Ysmudging" of rock

contacts and definite proof of exchange of minersl matter across these
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contacts 1s evidence that some ions have been particularly

mobile, The underground evidence, cited earlier, of metasomatic
pegmatite grading into Potosi Gneiss at its contacts is irrefutable,
However, the degree of metasomatism, the nature of the bed meta-
somatised, and the properties of the metasomatic fluids are open

to grave doubts., I can provide no answer to any of these questions,

Chemical composition of Potosi Gneiss

1. 24
8i02 58,22 66438
A1203 19,02 16,60
PeO 5.85 527
F6203 2,90 le43
Ca0 5.0L 5.00
MgO 1.58 0.6L
Nazo 2,95 0.91
K20 1.91 1,23
H20 + 0.19 0.55
HoO = 0493 0.65
Co2 .o 0.10
Ti0o 0.92 0«53
P205 0.10 o
MnO 0.28 0. 50
BaO os e
Total 99.96 99«79
Sp. _Gre 2.81 2477

l., "Footwall" Gneiss., Zinc Corporation. Analyst,
Je C. Mingaye, Mines Dept,

2. "“PFootwall" Gneiss, Near Assay Office, Zinc Corporation.
Analyst, A. Kuchn, Prop. Mine,
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7+ THE ORIGIN OF THE HANGING WALL CGNEISS

These rocke have been described in considerable detail
in earlier sections. Thelr oridns are open to much speculation,
and present evidence is inconclusive, It 1s intended to review the
possible origins of these rock types in the following pagess.

Stillwell and Browne considered them to be igneous in
origine

Browne's Evidence
He regarded the Hanging Wall Gneiss, "Augen" and "Platy"
gneisses as phases in the crystallisation of one original igneous

magma, These gheisses, especially "Augen" and "Platy" gnelss, are
similar as regards mineralogy, but differ texturally. The evidence
for an igneous origin is:~

1. They are primary gneisses in which a parallel structure developed
during consolidation under unequal pressure,

2. The "Augen' are true phenocrysts, often transgressing the
gneissic foliations

3+ Xenoliths of invaded formations are present,
€.g+ relics of sillimenite from the garnet, sillimanite gneisses,

Lhs Relatively basic phases are known,

5« Isolated outcrops reveal a lenticularity suggestive of a
gill-like intrusions

6. The chemical composition is that of a typical granite,

7. There is an undeniable affinity with cordierite aplite (chemical
enalyses) which was derived from the same magma,

Stillwell's Evidence

Stillwell considered that these rocks represent a
metamorphosed granodiorite. The porphyroblasts of orthoclase wsre
thought to be metamorphic growths rather than true phenocryetse.
Metamorphic differentiation was invoked to explain the variable
content of Na,0 and K,0. Stillwell believed that chemical, '
microscopic and field observations supported an igneous origin,
but he considered that much metasomatism of. alkalis had occurred
at some stage during the metamorphism. <‘he important advance was
the recognition of metamorphic textures and structures, however,

Thomson (1956).
B. P, Thomson believes that there is no real evidence

for an igneous origin in the chemical composition., He suggests a
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complete series of gradational changes from gquartzite to Potosl Gneiss
or granite gneiss, The banding in these rocks was supposedly a relict
sedimentary characteristic. Points brought out from a short micro-
scopic examination were:«

1l, Rounded detrital zircons,.

2. Traces of sillimanite deep in the Hanging Wall basin,
hence not due to marginal contamination,

3« Relict bedding, conformable and undisturbed,

L. Quartz porphyroblasts with inclusions which supposedly
show originsl quartz grain outlines.

Thomson believes that the granite gneiss is simply & recrystallised
sandy feldspathic sediment, possibly intermediate between arkose
and sub=graywacke. The conformable nature of the gneiss, certified
by field mapping and diamond drilling, ies good evidence in favour
of a sedimentary origina

Discussion

If the gneiss was a sediment originally, then what weas
the nature of the transformation from sediment to granite gneiss?
Three possibilities are immediately apparent ;=

1, Recrystallisation of an arkosic sediment with little or
no introduction of material,

2., Recrystallisation, but with considerable metasomatism and
diffusion of material,

3« Granitisation of some other sediment with pronounced
metasomatisme.

Ihe highly selective nature of the metasomatism required,
together with the tremendous scale for such a process, led Thomson
to reject the metasomatic origin hypothesis,

From a study of two rock types ("granite gneisses") which
occupy two distinct stratigraphic positions it was possible to
record the following features:-

1. Traces of sillimanite are characteristic of Hanging Wall
Gneiss "BY and occasionally present in "A", This is
suggestive of a sedimentady origin, although sillimenite
hasb een known to occur in pegmatite and aplite bodies,
and more rarely in graenites,

2. Gearnet (almandine) is a common constituent of these gneisses,
Again, this mineral does occur in pegmatites and granitic
rocke, but rerely in the proportions found in the Broken
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Hill gneisses,

Accessory zircons, rounded and stumpy, are ubiquitous. The
shape strongly suggests a sedimentary detrital origin.

Occasional outlines of quartz are suggestive of relict, worn
sedimentary grains. These grains are often present as inclusions
within larger quartz or garnet crystalloblasts,

Plagioclase xenoblasts are never zoned. Zoning is typical of
the plagioclase of many igneous rocks, but is rare in the
metamorphics,

The textures of the matrix are granoblastic, indicative of a
regional metamorphism -~ gquartz and feldspar often form mosaics,.
A preferred structure is pronounced, parallel to the prevailing
structure in the schistose or gneissic surroundings. Thus the
regional metamorphism has affected the granite gneisses in the
same manner asg other rock unite,

Contacts between the granite gneisses and other adjacent rocks
are gradational. There is no evidence of any palimpsest contact
minerals which would have developed if the gneiss had been
emplaced as a sill of granitic magma. An examination of the
contact suites shows that the transitions are very gentle, the
sillimanite gneiss, B.I.F. etc. changing imperceptibly to
granite gneiss by a gradual increase in feldspars and quartz and
a decrease in 'sillimanite or magnetite, respectivédy. Meta—
somatism must be invoked to explain these gradations,

Xenoliths have not been described within the granite gneisses,

The sillimanite "inclusions" mentioned by Browne are not remmants;
they are essential units in the mineralogical composition of the
gneiss, and are not restricted to, or near, contact zones,

The uniformity of composition and texture is of little aid in
determining the origin of these rocks. No hard-and-fast rules
apply such that a sedimentary horigzon could be distinguished
from a metasomatic permeation body or a sheet-like granite
emplacement mass on this basis. Local variations would be
expected in each case. The lateral variations described by
Thomson and attributed to sedimentary facies changes canbe
explained squally well by a change in the degree of metasomatism,

I believe that the conformable nature of the granite

gneisses over & wide area casts serious doubts on any magmetic origin,
A sheet-like injection sill of granite is not feasible. Contact
evidence must be inconclusive because a reworking of all rocks

during regional metamorphism mey have destroyed any contact minerals,
No remnants of likely contact minerals were seen in any thin sections,
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The gradational nature of contactis favours a metasomatic exchange,
but the degree of metasomatism is indeterminate., Further evidence of
metasomatiem is provided by the existence of minor veinlets of
enriched silica and feldsper, attributable to metamorphic diffusion.
This implies a migration of pore fluids,

‘he occurrence of garnet and sillimanite in the granite
gneiss does not detract from a metasomatic origine. Thus Sederholm
finds garnet to arise chiefly in rocks in solvente or those influenced
by granitic juices, Williams (1934) has likewise described pegmatites
rich in sillimanite. He suggests that the conditions of formation
of this mineral are pneumatolytic, and not stress, Janet Wateon
(1948) has also demonstrated that sillimanite can occur as a
metasomatic product of granitisations

‘he morphology of zircon grains was discussed in the
section on Potosil Gneiss, It will suffice to say that the rounded
nature of all zircons strongly supports a sedimentary parentage,
but doee not weigh against a metasomatic origin., A selective
soaking of a favourable horizon by granitising fluids would not
require a recrystallisation of these tiny zircons. Temperatures far
above those of regional metamorphism and granitisation would be
reguired to do this,

The chemical composition of the granite gneisses
approximates to that of a granodiorite. Limey plagioclase is very
abundant in association with orthoclase, but microcline is rare to
absent, The dominance of Ca0 1is not characteristic of arkoses.

The more calcic feldspars tend to weather and break down more

readily than do the alkslic species. Thus Ca0O would of necessity be
incorporated in some mineral other than feldspar in the original
sediments The arkosic rock unit would have to be retained to account
for the presence of orthoclase and guartz in such quantities as are
found in this gneiss. A composition approesching that of sub-~graywacke
will eventually be arrived at when iron and alumina contents are
considered. However, the Ca0 content must remsin a difficulty. In
this regard a metasomatism would be & useful postuaslte, H. He Read

is of the opinion that calcium ion metasomatism is most pronounced
within the field of regional metamorphism as exemplified by widespread
occurrence of sillimanite gneisses. Soda-potash migration is not
restricted to lower grades, however, but the salient feature is the
increase in calcium as the higher grades are approached,

The widespread regional distribution of granitic type rocks
leaves no doubts as to the initial source of granitising fluids,
This is particularly true of the a rea north of the city of Broken
Hill « an area consisting largely of coarse-grained pegmatite, aplite
and granite, gneissic and coarse-grained.
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There is no doubt that extensive metasomatism and
inbibition has occurred throughout the Willyama Series, and this
does not exclude those rocks close to the lode. As Thomson has
stated, the main objections to a metasomatic origin are:-

1. Selective metasomatism,
2. Large Scale replacement,

There is ample evidence in many metamorphic provinces
of both of these "difficulties" occurring. Just as ore deposition
has been undoubtably controlled in many casee by replacement along
a favourable bed, granitisation by wet diffusion is similarly
restricted. Admittedly it would be hard to conceive a complete
restriction of these fluids to the favourable horigon, and such
is not the case; the granite gneisses merge into adjacent rock
horizons very gradually, across contacts, Migmatisation is commonly
intense within pelitie rocks, but extreme rocks such as epidiorites,
limestones and quartzites seem to resist this process, Thus
mobilisation may be highly selective in a region consisting chiefly
of alterations of these rocks,

‘he scale of metasomatism is as yet an unknown factor.
I am guite satisfied that in this instance the relative flow of
materials would be in no way more extensive than thst which has
caused the sericitisation of wide zones of sillimenite gneiss
close to the main lode. The tremendous accumulation of granitic
material in the district overall, including emplacements further
afield from the city of Broken Hill, is suggestive of the existence
at some stage of great guantities of active late-phase fluids,
capable of granitisations

Conclusion

| In conclusion, it is suggested that the key to the
problem lies in future field observations. Petrological and
chemical studies have proven inconclusive, and the present field
evidence is 8till conflictinge The whole concept of metasomatism
and granitisation is in a state of perpetual controversy at
present, and until ideas in theory have been tested and made factual
there will be little grounds for certainty in formilating a
petrogenesis for these rock types,
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Chemical Composition of "Granite Gneisses',

510,
Al03
FeO
Fe203
Cal
MgO
Na20
K50
H20
H50
Co2
MnO
Ti0p

Total

SE- Gr.

1.

2.

S

L.

1. 2. 3 L,
71.10 68. 614 69430 68413
13,88 18.66 14,40 15.99

3.68 2.73 4e35 leli2
2,01 1.53 2.84 0.18
2,83 1.86 3.28 4.88
2.18 1.05 2.00 Oelt3
l.74 2,68 1.14 0.67
l.24 1.47 0.84 L, 56
0.10 0.10 0.15 0.1l
0.45 0+35 0460 0. 50
0.14 0,02 0.13 0.02
0.28 0.1lh 0.17 0.23
Oelb 0.68 080 0462
100.09 99,91 100,00 100,74
2,72 2,72 2,67 2.72

Augen Gneiss. Near Hylton's, Zinc Corporation.
Analysts, H. N. K. Mills, A, Morris,

Augen Gneiss. Amelgamated Zine (De Bavey's),
Analysts, P, Moncrieff, W, Usher,

"Platy" Gneiss. FEast of Block 14, Analysts,
H.Ks N, Mills, A. Morris,

"Platy" Gneiss, 600 yards east of British Mine,
Analysts, F., H, Searcys.
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PART IV

"ROCK _SLIDE DESCRIPTIONS",




This section has been divided intd

They areg

l, The Potosi~like Gneisses,
Potosil Gneiss "A"
Potosli Gneies "B"
Potosl Gneiss "“CY

2. The Granite Gneisses,
Hanging Wall Gneiss "A"
Hanging Wall Gneise "B"

3« The Aplites,
L, Rock Origin Suites,

ls
2.
3.
Ll'l
5e
65
70
8.
e

The individual rock specimens have
and described under the following headings:«

Speciman Number
(Accession group Al39/-~, Geolog
Depts, University of Adelaide)

Field Name,

Location

Macroscopie
Miecroscopic
(1) Texture
(ii) Mineralogy
(iii) GQrain Size,

BeIsFay, Potosi Gneiss|

y four main groups.

Granite gneiss, garnef-amphibolite,

Potobolite, amphibolit
Sericite schist, biot}
Sericite schist, hornh
Sillimanite gneiss, s8¢
Potosi Gneiss, garnet-
Potosi Gneiss, sillim
Quartzite, Sillimani

Ce

te—~amphibolite
lende~amphibolitea
ricite schist,
sillimanite gneiss,
nite~biotite gneiss,.
e~garnet gneiss,

been examined

v

L4




1. THE POTOSI ~ LIKE GNEISSES




"POTOSI GNEISS 'A' "

(Nine thin sections were examined, and five
are included in this description
section)s



Specimen No. A139/4

Field WName

Garnet, biotite, feldspar granulite.
Location

DD hole Wl, Delprat Cross—section, 863!

Macroscopic

A medium~greined feldspathic gneiss, with rough
foliation imparted by streaks of blotite and minor sillimenite,
The more important minerals are felspar, showing good cleavage
faces, quartz, garnet, biotite, sillimanite, and sericite, -
Garnets average 3" in diameter, and are granular and poorly
formed. Alteration to biotite is everywhere apparents.

Microscopie

The mineral assemblage consists of quartz, feldspar,
garnet, biotite, sericite and subordinate sillimenite. The
matrix of quartz and felspar is granulose, but abundant blotite,
exhibiting preferred orientation, has imparted a gneissic
texture on the rocke 50% of the rock is guartz, but orthoclase
is not abundant. Minute inclusions of well~twinned plagioclase,
biotite, magnetite and quartz grains withim larger quartz
crystals are commons

Long fibres of sillimanite, altering to sericite at
the edges, flow around large garnet porphyroblasts, Sericite
also occurs interstitially between grains of quartz and plagioclase,
and is often intimately associated with small quartz granulés. .

Badly formed garnets are altered at the edges and
along fractures to biotite and sericite, However, biotite halos
are not pronounced. Inclusions of quartz grains, generally
rounded, are plentiful in larger garnets,

Plagioclase, with excellent multiple twinning abounds,
and the composition is that of andesite, AbgAn). The maximum
extinction angle normal to 010 is 20°% 30 = 3%% of the rock
is plagioclases

Plagioclase is biaxial, positive, with high 2V,

Deficiency of potash feldspar, and the abundance and
mode of occurrence of sericite suggests a retrograde change from
orthoclase to sericite at some stage, Crystals of orthoclase
are xenoblastic, and always altered at the edges to sericite.
Sericite is much more abundant than the hand specimen would
suggest, Sillimenite needles have also altered at the edges to
this mineral.

Accessory minerals are ilmenite, magnetite, chlorite and
zircons Biotite flakes appear to have formed around magntite
masses, Chlorite occurs as an alteration of garnet and biotite,
Zircon is fairly abundant as inclusions in large brown biotite
flakes, but also appears in the quartz-feldspar matrix. Grains
are often elongated, but have & rounded outline. Green, iso-
troplc gahnite is rare.



Specimen No. A139/88

Field Name

Garnet, blotite, feldspar granulite,

Location

Surface outcrop north of North Broken Hill Noe« 3 shafte

Macroscopic

A coarse~grained garnet, biotite, feldspar rock,
with abundant pink almandine and black biotite. Gneissic
texture 1s weakly developed, although biotite flakes exhibit a
strong preferred orientation. Large spherical garnets are
enveloped by thick segregations of biotite, forming pronounced.
biotite halos, Quartz grains are small, but occasionally reach
1/16" in diameter. This minerals is a translucent blue colour,
Feldspars are somewhat weathered, but the rock is very rich in
plagioclase,

Microscopic

This is a garnet, biotite, plagioclase gneiss which
has b een badly sericitised. The texture is faintly gneissic,
with biotite imparting a rough foliation. However, quartz and
plagioclase grains show no signs of strain on preferred orientation.
Plagioclase comprises 30% of the rock, as wellntwinned xenoblastse
The maximum extinction angle normal to 010 is 26°, and the
composition is that of andesine, Ab5An5o

50%0f the slide is quartz. Grains are very irregular
in shape, and often separated by interstitial sericites Inclusions
of dust=size material are plentiful within these xenoblasts.
Quartz and plagioclase occur in intimate intergrowth as myrmikite.
The average grain dismeter is 0,5 mms, but larger grains of guartz
may reach 2 mms,

Garnets are small and always altered to sericite and
biotite, Often only relics reméine

Biotite is abundant, and of a dark brown strongly
pleochroic varietye. Two habits are evident, Large individual
flakes containing zircon inclusions, and aggregates of minute
flakes often associated with magnetite,

The rock is deficient on orthoclase, and potash occurs
mainly in sericite mica, and biotites

Apatite and zircon are rare, and magnetite is not
abundant,



Specimen Nos Al}gZBZ

Field Name

Garnet, biotite, feldspar granulites

Location

Surface outcrop north of No. 3 Shaft, North Broken Hill,

Macroscopie

A medium-grained garnet, biotite, feldspar gneiss
with a weak foliations Garnets are small, often " in diameter,
and usually intensely altered to biotite. The rock is very
feldspathic, although it contains a high percentage of quartz,
Quertz grains may be as large as 1/16" in diameter, and is
normally a smoky brown colour, with no bluish tinge. Segregation
of salics on the one hand, and biotite layers on the other is
apparent in the hand specimen, but no veining occurs. Garnet is
not as plentiful .as expected, and most of the iron occurs as
biotites

Microscopigc

An orthoclase, plagioclase, biotite gneiss, with
subordinate garnet. The texture is granoblastic, although a
faint gneissosity is imparted by biotite and sericite flakes,
Biotite is commonly intergrown with sericite. It appears to be
changing to sericite in places, with release of megntite.  Garnets
are very small and altered to sericite and biotites, The main
textural feature s the xenoblastic nature of the dominant
minerals,

Quartz constitutes 50% of the slide. Grains are clear,
and contain few inclusions, Outlines are very irregular, and
often marked by wisps of sericites

Feldsparpe are abundant, with plagioeclases: the dominant
species, Orthoclase, however is fairly abundant, although often
altered to sericite, Twinned plagioclase has & maximum extinction
angle measured from sections normal to 010 of +17°, The composition
is that of andesine,

Crystals are biaxiasl, negative 2V is high 25% of the
rock is plagioclase,

Biotite occurs as ragged flakes or aggregates, and is
strongly pleochroic, Thus

X = light brown
¥y = dark brown

There are relatively few inclusions of zircone Bilotite is usually
associated with grains of magnetite, or as an alteration of
almandine,

‘Ilmenite, zircon, sand rusty-coloured hematite are
rare., Hematite is an alteration product of biotite,

Quartz and feldspar grains are similar in size
(from 0.5 = 1 mm in dismeter)., Garnets are small, often 0.5 mm
dismeter, and late reaction and dispersion has fragmented early-—
crystallised larger garnets,



Specimen No. A139/93

Field Name

Garnet, biotite, feldspar, sericite gneiss.
Location

DD hole 631, Zinec Corpn. Ltd., core, 784!,

Macroscopis

A coarse-grained gneiss, veined by pegmatitic material,
Garnets are large and irregular in shape, and are often broken-up
and altered to biotite and minute flakes of sericites Blue
guartz abounds, and the rock is particularly silicious, Large
areas, possibly originally feldspars, have almost completely changed
to Bericite,

Micrscopic

This is a quartz, feldspar, garnet, biotite gneiss,
Preferred orientation of biotite and sericite flakes, imparts a
foliation on the rock. Garnet porphyrpblasts are often 32" in
dismeter, and flattened in the plane of foliatione. Biotite halos
are commohs

The gneiss ls badly sericitised, sericite flakes
occupying cracks or fractures in or around gquartz and feldspar
xenoblasts, Garnets have likewise altered at the edges to biotite
end sericite, Small flakes of biotite have grown outwards from
larger plates, roughly normal to the foliation. Lensy segregastions
of magnetite parallel the larger biotite flakes,

Pink almandine garnets, up to %" long, contain numerous
inclusions of irregularly shaped quartz grains. The larger the
garnet, the more numerous are these inclusions. All garnets have
been cracked and dissected, and the fissures filled with sericites
It is notable that in the vast majority of ¢ ases, sericite rather
than biotite fills these fractures.

Orthoclase is not abundant, and has altered to sericite,
Plagioclase, however, is common and comprises 25-30% of the roclks
It is somewhat sericitised at the edges, Optical characteristics
were distinctive, the grains being biaxial, negatives 2v = 75°
coarse multiple twinning is evident6 and extinction angles measured
normal to 010 give a maximum of +20°, %“he composition is thus
andesine,

Magnetite is subordinate, and zircon and apatite rare,

The grain size of this specimen is relatively large,
in accordance with a more pegmatitic nature. Quartz, which
occurs to the extent of L5-50% of the slide, may exist as
xenoblasts several mms in diameters



Specimen No. Al§242
Field Name

Garnet, biotite granulite,
Location

DD hole E 2 Delprat Cross-section, 614!

Macroscopic

A coarse~grained garnet, feldspar, biotite gneilss,
with abundant black biotite and large pink garnets altered
marginally to sericite and biotite, A coarse foliation is
imparted by layers of biotite and quartz-feldspathic vein
material which forms segregated layers. Carnets are large,
often i" in diameter, but of irregular shapes. Likewise the vein
guartz is of large grain size, Quartz is a peculiar translucent
blue, and this colouration aslong with scattered iron~staining
suggﬁsts some affinity with the lode, (Lode quartz is typicelly
blue)s

Microscopic

T This is a quartz, feldspar, garnet, biotite gneiss

with subordinate magnetite and a good development of sericite,
Quartz and feldspar crystalloblasts are predominantly equidimen=—
sional, and show no signe of strain or elongation. However,
alteration of schistose bilotite~sericite bands and these granulose
salic layers imparts a strongly gneissose structure on the rock,
Megnetite masses are intimately associated with biotite flakes,
and seemingly stretched-out in the plane of foliatione

Large pink almandine porphyroblaste have broken apart,
and suffered extensive alteration to sericite and biotite, Bioctite
probably formed first, as a halo about the garnet, but was pushed
aside by a later and more rapid, growth of sericite,

Plagioclase crystals are twinned on the simple albite
law, This mineral, andesitic in composition, is much more abundant
than orthoclase 30% of ths lide is plagioclase. It is biaxial,
negative, and 2v is moderate to high. Orthoclase crystalloblasts
are mainly relics, altered largely to sericite, Myrnmekitic
intergrowth between quartz and plagd oclase is present, but rare.

Quartz grains are often very large and porphyroblastic,
some approaching 4 mms in length. Most crystals are cleary with
few inclusions, and bounded by wisps of sericite, U4O% of the
rock is free quartz,

Accessory minerals are hard to find in this sectione
A few zircon inclusions in biotite, surrounded by a characteristie
pleochroic halo, were noticed. Magnetite and 1llmenite are more
abundants

Grain size is variable, but most crystals are approximately
1 mm. in diamder, As mentioned previously, large porphyroblasts
of quartz, 4 mms across do occur more rarely., Garnets are so
dispersed and broken apart that a size is hard to estimate,
Before sericitisation they may have been rather larges



"POTOSI GNEISS 'B' "

(fourteen thin sectione were examined; five have
been included in this sectionj-



Specimen A139/97

Field Name

Garnets, biotite, feldspar granulite

Location
Surface outcrop on Zinc Corp. Ltd.,, leases (mine),

Macroscopic

This rock is very good Potosi Gneiss, It 1is a
moderately coarse~grained grey gneiss of a granular nature,
composed chiefly of feldspar, quartz, biotite and garnet, Garnets
are numerous, and usually from §" to %" in diameter,

Macroscopic

A quartz, plagioclase, garnet, biotite gneiss, with
granulose structure, Preferred orientation of brown biotite flakes
is weak, and thus gneissose texture i1s but faint., Plagioclase
xenoblasts are numerous, and 25% of the slide is comprised of this
mineral. Quartz also is abundant, perhaps to the extent of LO%
of the rockes Large pink almandine garnets, usually badly formed,
and containing many rounded quartz grains as inclusions are
present. The rock has been somewhat sericitised, and often the
garnets have fractures filled with minute flakes of sericite,

Plagioclase is well~twinned, and has suffered little
or no alteration, Pericline and simple albite twinning is common,
The composition is that of labradorite, Ab; An,, decidedly calcic,
Myrmekitic intergrowth between quartz and Isbradorite is wide—spread.
Orthoclase is rare,

Biotite occurs as small ragged flakes of a dark brown
colour, and is strongly pleochroic. Pleochroic halos, due to small
zircon inclusions, are sometimes present. Flakes of biotite often
envelop larger garnet porphyroblasts,

As mentioned previously, sericite is not as abundant as
in other specimens of this gneiss., However, many garnets are
Just relics set in a mase of felted sericite flakes, Zircon,
apatite and magnetite are rare,

The grain size is not large, but guite even., Most
quartz and plagioclase crystalloblasts are 1 mm in diameter. Garnets
are larger, usually 2-3 mms.



Specimen No. Al139/1lL

Field Name

Siliceous garnet, biotite gneiss,

Location

D.D. hole 691, Delprat cross—-section 195' =~ 197!

Macroscopic

The rock is & coarse-grained siliceous gneiss, with
conspicuously large garnets, Thick black envelopes of biotite
form halos about these garnet porphyroblasts. Sericlite is
equally as abundant as biotite, as can be ascertained by breaking
the core parallel to the foliation planes. Blue quartz abounds,
and occurs in coarse veins parallel to biotite layerss

Microscopic

. A quartz, plagioclase, orthoclase, biotite, garnet
gneiss., Preferred orientation of biotite and sericite is
strongly developed. The rock has been badly sericitised, and
large flakes of sericite are present. Smaller flakes fill
fractures and cracks of large pink garnetis,.

Orthoclase is rare, and plagioclase is the dominant
feldspar. However this is not as abundant as expected -
only 5% of the slide, The compositi~on is andesine, Ab5An5.
Extinction angles measured normal to 010 are high, the
maximum being 300,

Sillimanite occurs as fine needle-~like idiohlasts of
high relief, but is not abundant.

Biotite is strongly pleochroic, and inclusions of
zircon have produced dark brown pleochroiec halos. Alteration
to light~green chlorite has occurred in placess

Accessory minerals are ilmenite, which is abundant
in places, zircon, galena, and apatite,

Quartz grains are xenoblastic, and contain few
inclusions 65% of the slide is quartz. The average grain
diemeter is 1,2 mm, although larger grains of 3 mme dismeter
occurs The rock is rather “veined" in the hand specimen, and
coarse grain size was expected. Garnets are larger than is
usual for B, and average 3 mms diameter,



Specimen No, A139/56

Field Name

Siliceous garnet granulite,

Location
D.Ds hole 819, North Broken Hill core, 540!

Macroscopic

This rock shows nomsign of aligned mica, and has a
granoblastic texture. Large pink garnets, often " in diameter,
are relatively unaltered. Indeed, biotite is rather déficient.
Quartz is of the translucent blue variety, and approximately 60%
of the slide is blue quartz., Feldspars are not abundant and
appear in the hand specimen to have been sericitised partiallys

Microscopic

A quartz, plagioclase, garnet, biotite gneiss. The
rock is coarsely granulose, Xenoblasts of fresh quartz and
plagioclase are dominant., Garnets do not abound, but those
present are often " in diameter. They have irregular outlines,
and contain numerous quartz inclusions. Sericite flakes are
intimately associated with most garnet porphyroblasts,

Biotite does not occur as large isolated flskes, but
as wispy agrregates often associated with ilmenite masses,

Plagioclase is very well twinned ont he albite law,
The composition is Abg Any, andesine. It is biaexial, positive,
and 2v = 80° The maximum extinction angle measured from sections
normal to 010 is 249, Most grains are clear and fresh, butb
occasional crystals have altered to sericite 10% of rock is
plagioclase., Orthoclase is rare and it is suspected that much
of the s ericite represents decomposed potash = feldspars

Of lesser importance are ilmenite (or magnetite),
sphene, apatite and zircons

The grain size is larger than expected., Quartz, and
less frequently, plagioclase, are often 2 mms wides Garnets are
smaller, but may reach %" in diameter,



Specimen No. 4139/96

Field Name

Garnet, biotite, feldspar gneiss,

Location

D.D. hole 1152, Zinc Corp. Ltd., core, L80!

Macroscopiec

A rather fine-~grained gneise characterised by
feldspar~quartz veining, giving it a coarse banding. Biotite
ie not abundant, but sufficient to cause a faint semblance to
foliation. Garnets are small, often less than 1/16" in diameter,
and altered to biotite. Large quartz grains are of a translucent
blue colour. The rock is very siliceous and feldspars are not
abundant.

Microscqpic

A quartz, orthoclase, garnet, sillimanite gneiss, with
subordinate biotite and plagioclase., The texture is gneissose;
elongated quartz, felspar and garnet xenoblasts are oriented
parallel to needle-like sillimanite crystals and wieps of sericite.
Sericitisation is widespread, probably as an alteration of feldspars
and sillimanite, Garnets are normally fresh and contain f ew
inclusions, Biotite halos are not common, Zoisite occurs as a
few rare irregular grains with anomalous birefringence,

Grains of plagioclase are rare, and twinning is usually
indistinct. The composition is labradorite, AbuAn6. Orthoclase
is by far the most abundant feldspar, occurring as large xenoblasts
usually rimmed by sericite Tlakes,

Sillimesnite is sbundant as long fibres of high relief,
These have undergone alteration at the edges to sericite. Silliman=
ite is visible in the hand specimen,

A few flakes of biotite are present, bu the rock is
quite low in this mineral, Magnetite is also rare, Zircon and
gseveral large grains of apatite are accessory minerals.

Grain size is variable, but large crystalloblasts of
both guartz and feldspar occure. These mey reach L mms in diameters
@Garnets average lmm, but porphyroblasts " in diameter are also
presents,



Specimen No. A139/99

Field Name

Garnet, biotite, feldspar gneiss,
Location
Surface outcrop near Rising Sun North shaft,

Macroscoplec

The rock is a fairly coarse—=grained sillceous
granulite composed largely of quartz, garnet and blotite,
Biotite halos are frequent about small garnets,

Gneissic texture is faintly presents The gneiss 1s
composed of xenoblaste of quartz, orthoclase and plagioclase,
with abundant porphyroblasts of pink garnet. Alteration of
garnet to dark brown biotite is pronounced in the hand specimen
and under the microscopes, Numerous inclusions of rounded
quertz grains and tiny magnetite particles occur. Edges and
fractures are filled with wisps of sericite. Fine-grained
aggregates of sericite and quartz occur as individual masses
and interstitially between quartz and feldspar grains,

Quartz abounds, and 50% of the rock would be free quartz.
The average grain size is 0.8 mms in diasmeter,

Plagioclase and orhtoclase occur, but orthoclase is
subordinate, DThe plagioclase grains are calcic, and the
composition is Abg Ang; that of andesine, It is biaxieal,
negative, The maXimum extinction angle normal to 010 is 25°,

Biotite and sericite are common as alteration products,
but little is primary. Ilmenite, apatite and zircon accessories.

Garnets are small, only 1/16" in diameter is usual,
However, they are extensively altered to blotites



"POTOSI GNEISS 'C'! M

(Nine specimens were examined in thin section,
and four slide descriptions have been included
in this section)a



Specimen No. A139/21

Field Name

Garnet, feldspar, quartz granulite,
Location

DD hole 783, Delprat cross-section, 57

Macroscople

A very siliceous granulite, composed largely of blue
quartz and grenular pink garnets, with subordinate feldspar and
biotite, The garnets are but slightly altered, and biotite halos
are not apparent. Biotite is only minor, but imparts a faint
directional structure cn the rock, A few small crystals of iron
sulphides, possibly pyrrhotite were observed,

Microscopic

The rock is a quartz, orthoclase, garnet, biotite gneiss,
Texture 1s essentially granulose, with a faintly transitional
foliation due to aligned but disconnected flakes of biotite, and
long streaks of sericite., Quartz, orthoclase and plagioclase
predominate, and although xenoblasts show no signs of elongation
there are several instances of strain shadows in larger quartsz
grains., 65% of the slide is quartz, with 5% orthoclase, and between
5 and 10% plagioclase,

Large pink almandine garnets are abundant, and haeve
suffered little alteration. In many cases these garnets are completely
fresh, although others have changed to biotite at the edges, and
contain sericite wisps between fractures and as inclusions., Quartz
inclusions are common, and usually of irregular shape and rimmed
with sericite.

Quartz grains are very irregulaer in shepe, and sometimes
rimmed with sericite. Large grains are often cracked, and these
fissures although very fine, haveb een filled with sericite,
Frequently these larger grains show signe of strain. Quartz in
this slide contains few small inclusions, although larger masses
mey include smaller flakes of biotite, irregular grains of twinned
plagioclase, or rounded quartz grainss

Plagioclase is poorly twimmed, and occurs as small
xenoblasts, The composition is decidely clacic=anorthite, It is
biaxial, negative, and 2v = 800.

Orthoclase has largely altered to sericites, Biotite
occurs as scattered flakes of reddish-brown colour, and shows a
preferred orientation, paralleling the streaks of sericites It is
strongly pleochroic from light brown to datrk reddish~brown, and
frequently contains inclusions of magnetite and zircon, The latter
has produced smsll pleochroic halose

Zoisite, ilmenite, pyrite (or pyrrhotite), apatite, and
zircon are rare.

The average grain size is + mm, but quartz grains are
variable, and several large crystals 1} mms in dismeter are present.
Plagioclase, notably deficient in this rock, occurs as much smaller
grains of about 0.3 mms in diameter, Garnets vary from 0.8 mme to
2.5 mms, The average size is 2 mms,



Specimen No. A139/95

Field Name

Siliceous gafnet, biotite granulite.

Location

D.De Hole 1152, Zinc Corp. Ltd., core, 975!

Macroscopilc

A siliceous garnet biotite granulite composed largely
of plentiful small pink garnets of spherical shape, layers of
blue quartz, and disconnected bands of black biotite. Grain size
is small, and garnets are only 1/16" in dismeter,

Microscopie

This rock is a quartz, garnet, bliotite gneiss with
subordinate feldspar and pronounced sericite development, A few
grains of poorly-twinned plagioclase were determined. Quartz,
rimmed with wispy sericite, often contains small inclusionss 60%
of ths lide is quartz. Graine are very irregular in shape, and
elongated such that the long axes parallel biotite flakes, Evidence
of strain in layer crystals is apparent,

Characteristic of this specimen is the more pronounced
banding due to an increase in biotite content and elongation and
layering of quartz grains. Biotite, a dark brown variety, is
abundant, but few large flakes occur., It consists of aggregates
of minute flakes apparently of random orientation, Garnet has
altered to biotite in some instances,

Garnets are very abundant, and ususlly rounded in
shapes Alteration kas not been intense, and biotite halos are
pronounced. Many garnets, although badly fractured, are guite
compact, and only a minor development of sericite has occurred
within these cracks, Quartz inclusions within the garnets are
small in size, and usually of a rounded nature,

Plagioclase xenoblasts are untwinned in the majority
of cases, but have a higher relief than neighbouring quartz grains,
and are easily recognisable 5«10% of the slide is plagioclase, It
was not possible to determine the composition accurately. Orthoclase
is rare,

Ilmenite and zircon are accessory in amount,

Grain sigze is not consistent, and in the case of quartz,
all gradations in grain diameter, exist to an upper limit of 2mms.
Plagioclase crystals are smaller, ususally Z mm in diameter, Garnets
are normelly 2 mms wide, and do not vary much from this figure.



Specimen No., Al139/15

Field Neme

Garnet, feldspar, quartsz granulite

Localitz
D.D. hole 805, Delprat cross-section, 1029"

Macroscopic

A silicious garnet granulite with a poorly~defined
foliation imparted by aligned flakes of biotite, Garnets are
rounded and generally unaltered, although a bolished surface
reveals some sericitisation at the edges. Blue gquartz is
abundant, but there are no traces of mineraelisarion. Feldspars
have been sericitised,

Microsconic

A quartz, orthoclase, garnet, biotite gneiss which
bossesses a faint directional texture, Long streaks of
sericite and small, ragged flakes of biotite are set in a
granoblestic matrix of quartz and minor feldspar, Plagioclase
1s rare, but several finely-twinned xenoblasts are present,
Garnets are small, usually 1/16" in diameter, and slightly
altered to biotite and sericite, Bericitisation is intense,
and all feldspars show signe of alteration, Severel large
imdusions of sericite are present within plagioclase grains,.

Biotite is not abundant, and most flakes are small,
Inclusione of magnetite are commons Biotite is strongly
Pleochroic from light brown to dark brown, with no reddish
tinges

Plagioclase is blaxial, positive, and has a high 2v,
The maximum extinction angle normal to 010 is 30°% It is
labradorite, Ab5An5. 5%, or less, of this rock is Plagioclase,
Orthoclase is more abundant, but the rock as g whole is very
gilicious, and feldspars are subordinate in amount,

Well-rounded crystals of zircon, and small colourless
apatite plates are rare. Magnetite (or ilmenite) is also
8CCEESOry,

- Grain size is very variable, but most quartsz crystals

average % mm in diameter, Large porphyroblasts slso occur,



Specimen No, A139/16

Field Na@g

Silicious garnet, feldspar granulite,
Location

D.D. hole 805, Delprat cross-section 1054!,

Macroscopig

_ This rock is very similar to A139/15, with the possible
difference lying in degree of sericitisation. Long streaks of
sericite parallel the faint directional texture caused by aligned
biotites A fresh surface shows sugary patches, which probably
represent partially altered feldspars,

Microscopic

The mineralogy is essentially the same as A139/15, but
a few points are worthy of mention,.

Sericitisation is bronounced, feldspars having altered
almost completely to sericite, Interstices of quartz fractures
in large garnet porphyroblasts have been filled by sericite flakes,

Biotite occurs as aggregates of small flakes rather
than as large individual plates. Pleochroiem is strong, from
light yellow brown to dark brown

Grain size is variable, but the rock is largely
fine~grained. Larger quartz xenoblasts show slgns of strain, with
undulose extinction, Garnets are normally g" in diameter, and
frequently contain quartsz inclusions,

Magnetite, zircon and apatite are rare,



2, THE GRANITE GNETSSES,




"HANGING WALL GNEISS 'At "

(eleven thin sections were cut, three have

been described in this
section),



Specimen No. Alégzﬁ

Field Name
Hanging Wall Gneiss,
Location

DeDs hole E3, Delprat cross-section, 1971°

Macrescogic

A coarse-grained biotite, sericite, feldspar
gneies, The rock is very feldspathic, and alseo contains a
gooed development of sericite, Large masses of sericite envelop
relics of garnet so that at first glance the garnets appear
light brown in colour rather than pink, Gneissic biotite
banding is pronounced,

Microscopic

A quartz, plagioclase, biotite gneigs, with marked
segregation of biotite layers and lenticles of guartz and
feldspars, Sericite flakes are small but well-formed, and parallel
those of biotite. The t exture is coarsely gneissic, and a :
preferred orientation of biotite flakes is apparent in thin
section,

30-40% of the rock i1s guartz. Crystals are typically
xenoblastic and contain myniads of minute inclusions. Porphyros
blasts occur, and usually show evidence of strain, with undulose
extinction and fracturing, Intergrowth with plagioclase has
produced myrmekite,

Orthoclase is also abundant, as mnoblasts sometimes
porphyroblastic, and often twinned on the Carlsbad law. 5=10%
of the rock is orthoclase., Plagioclase is equally abundant, and
xenoblasts, usually emaller than quartz grains, are coarsely
twinned. The maximum extinction angle normal to 010 is +15°,
and the composition is eligeclase,

The biotite forms large crystals with pleochroic hslos
and rounded zircons. Smaller flakes also occur in aggregates,
It is stirongly pleochroic from light brown to dark reddish brown,
Sericitisation is widespread, and flekes are larger than usual,
and well~formed, They are aligned, in the general direction of
foliation parallel to larger biotite crystals,

Apatite and zircon are not abundant.

Grain size is very inconeistent, however the average
diameter of quartz crystals is 0.5 rm,



Figure 1ll, Hanging Wall Gneiss "A"

Photograph X of a thin section of A139/5., The section was
cut normal to the gneissic banding and shows a strong lineation
of black blotite flakes, Quartz grains contain numerous

inclusions, mainly small wisps of biotite, Elongate zircons
are 8lso visible,



Specimen No., Al 8

Field Name

Hanging Wall Gneliss.

Location

DeDe hole W1, Delprat cross-section, 1782!

Macroscopic

A coarse=grained granitic gneiss with prominent
Platy crystals of feldspar and a pronounced gneissose texture
caused by aligned flakes of biotite., Garnet is subordinate,
and largely sericitised,

Microscopic

The rock is mainly composed of quartz, orthoclase,
plagidclase and blotite, with a minor development of garnet,
The rock has a distinct gneissic texture, with aligned biotite
flskes wrapped around coarse grains of guartz and feldspar.
Segregations of biotite flakes are separated by lenses of quarts
and feldspar., Quartz graine are elongated in the plane of
foliation, and undulose extinction in several cases provides
evidence of s tress. Minute flakes of sericite are scattered
throughout, both as unoriented aggregates and marginally between
quartz and feldspar grains, In many cases, sericlte is closely
associated with biotite. Garnets are rare, a nd have been
sericitised., They occur as small irregular aggregates set in
wigps of sericite and, to a lesser extent, associated with biotite,

Feldspar is abundant, and both orthoclase and plagioclase
occure The former is xenoblastic, and is twinned on the Carlsbad
law. Several porphyroblasts are present, and the hand speclmen
suggests that these are guite numerous 10% of the rock is potash
feédspar,

Plagioclase xenoblasts are twinned on the simple
albite law, Twinning is fairly coarse. Crystale are fresh and
clear, although inclusions of quartz, biotite and sericite are
Numerousts

The maximum extinction angle normal to OlO is + 129,
and the plagioclase is oligoclase, Intergrowih between guarts
and plagioclase =~ myrmekite ~ has occurred, 15-25% of the rock
is plagioclase,

Biotite abounds, and the usual hablit is that of masses
of ragged flakes, rather than as large individualse It is
strongly pleochroic:

x = light brfown
y = dark browm

Preferred orienation is ebviocus, ©Small zircon inclusions are
abundant, and pleochroic halos have formed about them,

Graine are not of consistent size, and sll gradations
exist up to guartz porphyroblasts several mms, in diameter, Garnets
are small and badly corroded, usually completely engulfed with

moss~kike sericite, Most fragments are only a fraction of a mm,
in diameter,



Figure 15 = Hanging Wall Gneiss "AY

Photograph X of Al139/8 in thin section. Thie rock was
intensely sericitised and the photograph shows the minute,

often idioblastic, flakes of sericite outlining quartz and
feldspar xenoblasise



Specimen No. Al 4]
Field Name

Hanging Wall Gnelss.

Location
Surface outerop north of No. 3 shaft, North Mine.

Macroscopic

A grey feldspathic gneiss, with abundant feldspar,
quartz and biotite, and little garnet,

Hicroscegie

The rock is a coarse-grained granite gneiss, essential
minerals being quartz, plagioclase and biotite, the last
containing tiny inclusions of magnetite, There is no tendency
for segregation of feldspars and quartz as opposed to biotitee
rich layers, and gneissic texture is not strongly developed,

Quartz is abundant, and larger xencblastse exhibit
undilese extinction or straln shadows, Graine are irregular,
but not angular, and few inclusions are present, 30-40% of the
slide is quartsg,

Large xenoblasts of plagioclase are of andesitic
composition. These are very coarsely twinned, and twinning is
particularly sharp and clear, The maximum extinction angle
normal to 010 is 30°, corresponding with AbgAnse No zoning is
evident, nor any signs of alteration, At 10&02 35% of the bock
is andesine, Orthoclass is rarer,

Large biotite flakes are well-formed and show preferred
orlentations. The flakes are strongly pleochroic from light
brown to dark reddish brown,

Garnet porphyroblasts occur, and are altered both at
the edges and along fractures to green, slightly pleochroic
chlorite, and brown biotite, Quartz grains of v arying dimensions
are crowded between cracks,

Zircon end apatite are rare, and sericite is almost
entirely absent. .

The rock is remarkebly evenngréined, most grains
having diameters between 0.5 and 1.0 mms,



"HANGING WALL GNEISS 'B' *

(eleven thin sections were examined, and six have
been described in this section).



Specimén No. A1§34§§

Field Name

Blotite, feldspar gneiss,

Docation

DeD. hole 836, Worth Broken Hill Ltd,, core 1200',

Macroscopie

A feldepathic gneiss composed mainly of guartz,
feldspar and biotite, with no garnet. Lsarge augen of feldspar
are present, and the rock is rather veined in places by this
material, Gneissic banding is strongly developed.

Microscopie

Quartz, plagioclase, orthoclase, biotite gneiss
of coarsely gneissose structure, Blotite crystals are
gegregated inte lensy masses of parallel orientation in a
granulose matrix of quartz and feldepars, Sericitisation is
widespread, and fine~grained flakes of sericite are randomly
oriented, TLarger flakes parallel the follatlon., Quartz grains
are not elongated, but larger xenoblaste show evidence of strain,
Garnet is almost entirely absent,

Quartz, often containing myriads of ,minute inclusions
of smaller quartz grains and flakes of biotite, is very abundant -
perhaps 60% of the slide., The rock is deceptively siliceous =»
deceptively because large plates of feldsepar are numerous in
hand specimens,

Plagioclase and orthoclase are moderately abundant,
with the feormer predominant., Grains are irregular in shape, and
multiple twinning is fine and sharp, permitting an accurate
estimation of e xtinction angles, The maximum normal to 010 is
+ 11° and the composition ie Ab7An3, oligoclase,

Biotite ie very plentiful, and occurs as large ragged
flakes of a rich brown colour, It is strongly pleochroic and
contains numerous zircon inclusions,

Magnetite and zircon crystals are rare, and garnet is
present only as relics in larger biotite sggregates,

The a verage grain size is 0.8 mms, but several
plagioclase porphyroblasts are 2 mms in diameter,



Specimen No. Al 8

Field Name
Garnet, biotite, feldspar gneiss,

Location

North Broken Hill Ltd., core.

Macroscopic

This is a coarse-grained feldspathic gneiss, with
numerous large elongated pink garnets., Biotite is not abundante.
However, it imparte a coarsely banded appearance to the rock,
Long streaks of sericitised sillimanite are visible in the hand
specimen,

Microscopic

A garnet, sillimanite, quartz, biotite, plagioclase,
gneiss, has a pronocunced follation caused by orientad sillimane
ite needles, flaskes of biotite, and elongated garnet porphyro~
blaste. These large garnets are altered along fractures and
peripheries to biotite, and contain numerous fine silvers of
s8illimanite are inclueions. Inclusions of irregular-shaped gquartz
graine and flakes of bilotite are also common within these large
grains, often %" long. Sillimanite, as felted masses and long
needles, is closely associated with blotite, and a very minor
development of sericite,

Quartz grains are xenoblastic, and outlines are marked
in many vases by a marginal development of sericlte. Larger
ecrystalloblasts contain inclusions of small biotite crystals
50% of the rock is quartsz,

Plagioclase is twinned on the albite and Pericline
laws, However, few sharply defined twins exist. Extinction
angles normal to 010 show a maximum of +20° The feldspar is
andesine, It is biaxial, negative, and 2V is high, 5-~10% of
the rock 1s plagioclase, Orthoclase is not very abundant, and
plagioclase is the dominant feldspar,

Disconnected, parallel oriented biotite flakes are
abundant., This is of a rich brown colour, and is strongly
pleochroic from light yellow brown to dark purplish browne
FPleochroic haloes frequently occur in larger flakes, and tiny
zircon inclusions, usually rounded, are visible,

8illimenite is very abundant as long needles of
high relief and parallel extinction, There is no signs of any
alteration at the edges,

Apatite, magnetite and gircon are accessory,

The matrix of quartz and plagioclase is granulose,
and the average grain dlasmeter is 1 mm or slightly less, Garnets
(and quartz grains) have quite obviously been stratched-—out along
the plane of foliation. One mass was " long and 3/16" wide,
The average diameter of garnets, however, is "



Specimen No. Al 6

Field Name
Feldspathic garnet, biotite gneiss,

Location
D.De hole 837, North Broken Hill Ltd., 1280°

Macroscopie

This gnelss is a very feldspathic variety, with
abundant large elongated garnets, Blotite and eillimanite
are not very abundant,

Microscopie

The rock is a plagioclase, orthoclase, garnet,
biotite, sillimanite gneiss, but gnelssic texture is not strongly
developed because of a deficiency of biotite,

Quartz abounds as colourlees xencblasts, One crystal
provides evidence of a probable pre~existing grain boundary
a growth not in optical continulity. Most outlines are emphasized
by rims of sericite leaflets, Inclusions of the particles,
guartz and mica mainly, are numerous. 45«50% of the slide is
guartz,

Plagioclase comprises 10% of the rock, and orthoclase
is somewhat less abundant, The former showe multiple twinning,
but this is not clear. Extinction angles measured normal to
810 are low, with a maximum of 10° oligoclase, It is biaxial
negative, and 2V = 80° Some grains contain quartz inclusione,
and an intimate intergrowth (myrmekite) is rare, Weak
serlicitisation at the edges and cleavages 1s evident,

Blotite occurs as wellwformed brown flakes, exhibiting
strong pleochroism from light brown to dark reddish browne
Inclusions of magnetite, often at the edges, and of rounded
zircons are commen. Fleochroic halces have formed around the
radioactive zirconse

Sillimenite is prismatic in hebit, but often,
cross—-sections normal to the long axis can be seen, These
results are of amazingly large grain size, and of perfect crystal
shapes A feature of this occurrence is the non-felted nature,
long slender prisms predominating as individuals,

Garnets are large and relatively unaltered, Large
porphyroclasis, often g% in length, and filled with hair-like
inclusions of sillimanite, Inclusions of rounded guartz grains
are numercus., Bilotlite and slightly pleochroic green chlorite
are also associated with these garnets,

Magnetite is not plentiful, except as minute disseminaw
tions in flakes of biotite, The iron content of the rock is
concentrated in large and numerous garnets. Zircon is also rare.

The rock is coarse-grained, and espart from garnet
porphyroblacts ie fairly even grained,



Specimen No. Al 81
Pield Name

Feldspathic garnet, biotite gneiss,

Location
D.De hole 830, North Broken Hill Ltd., core 540°

Macroscopie

A rock very similar in appearance to A139/55, with
a slightly greater development of garnet, Most garnets are as
light pink colour, and badly shaped. Long fibres of sillimanite
are viseible, Biotite is not abundant, but thin streaks form
a rough gneiesic texture,

Microscopie

A coarse-grained gneiss with preferred oriemation
shown by blotite and sericite., Sericite has formed around needles
of sillimanite, and also as an alteration product of potash
feldspars, It is particularly plentiful in this slide, A
feature of the gsericite is the random orientation of tiny individual
flakes, although the matted aggregate as a whole parallels the
Tfoliation surface, Plagloclase is the most conspicuous feldspar,
and occurs to the extent of about 5-10% of the rocks Quartz
graines are very abundant, and 50~60% of the slide is quartz, Most
grains, even those of small grain size, show some sign of strain,
with marked undulose extinction. Garnet is absent in the slide,
but moderately plentiful in the hand speclmens

Plagioclase xenoblasts are rather indistinctly twinned,
The composition is fairly sodic, in the oligoclase range. It is
biaxisl, and both positive and negative signs were obtained.
2V is highe

Brown pleochroic flakes of blotite usually contain
inclusions of magnetite,

Zircon, and more rarely, apatite and acceessories..
Myremakite is fairly abundant,

Grain size is coarse, and quartz grains may reach
gseveral mms in lengthe



Figure 17, Hanging Wall Gneiss "B"

This photograph (X70 approx.) ef thin section A139/81
shows the alteration of sillimanite to sericite mica,
Sillimsnite is quite abundant in this rock. ©Small
strings of garnet can also be seen,



Specimen No. Al 8

Fleld Name

Garnet, biotite, feldspar gneiss,

Location

D,De hole 827, North Broken Hill Ltd., 720°

Macroscopis

A dark gray siliceous gneiss with abundant feldspar
gquartz veining. Garnets are large but poorly formed, and streaks
of sillimanite and biotite impart a distinct foliation,

Microscopic

The rock is a quartz, feldepar, biotite gneiss with
abundant large garnets and subordinate sillimanite and sericite,
Oriented lenticles of brown biotite appear in a matrix of
xenoblastic guartz and feldspar, Sillimanite needles and threads
parallel to biotite, impart a rough folliation on the rocke Large
garnet porphyrpblasta are elongated and broken apart, and contain
inclusiong of needles of sillimanite, Small flakes of sericite
£ill fractures in these crystals, but biotite is equally prominent
in places. Irregular guartz and feldspar grains show peripheral
sericite development. 50% of the rock is quartg,

Plagioclase is biaxial, negative, and 2V = 809 Twinning
is not distinet and the maximum extinction angle normal teo 010
is + 10°, The composition is that of oligeclase, Ab-An,. 5% of
the slide is plaglioclase, Orthoclase is not very abanént, and is
present to about the same extent as plagioclanme,

Sillimanite is often altered at the edges to sericite.
Very good basal sections occur, the slide having been cut normal
to the prisms, It is blaxial, positive, and 2V = 20°,

Biotite and magnetite are often associated with each
other, the later probably separating out from biotite at some
stage,

Zircon is reasonably abundant both as small inclusions
in larger biotite flakes with accompanying pleochrolc halos,
and set in the matrix as small elongated grains of rounded
outline.



Specimen No, Al 8
Meld Name

S8iliceous biotite, feldspar gneiss,

Locality

Road cutting, across Delprat cross-section.

Macroscopic

The gneiss is r ather feldspathic, with guartz and
biotite also abundant., Garnets are small and sparse, Gneissic
banding is weak,

Microscopic

The principal minerals are quartsz, feldspasr and biotite,
with subordinate sericite, and accessory magnetite and zircon,.
The texture is coarsely gneissic, oriented biotite set in a
matrix of granulose guartz and feldspar. Sericitisation is
pronounced, with & subtle development around outlines of feldspar
and quartg grains., Sericite ocecurs as small leaflets in random
orientations Biotite is present as large brown flakes altering at
the edges to sericite. Magnetite inclusions are common in these
larger flakes, but occasional magnetite segregations occur outside
of the biotite,

Quartz is very abundant, and 50% of the rock is free
quartz, It is essentially grenular and irregular in shape, and
often rimmed by sericite,

Plagioclase grains are rare-approximately 5% of the
rock, Xenoblastis are poorly twinned.s Extinction angles are low,
withma meximam of + 89 in seetigna normal to 010, The composition
is oligoclase, 2V is nearly 90°, and the mineral is biaxial,
negative, Orthoclase is slightly more abundants from 5-~10%.

Garnets are broken apart, but not badly altered,
Zircon is the only recogniseble accessory,

The rock is remarkably even~grained due to granoblastic
quartz and feldspars, Xenoblasts have an average diameter of lmm,



Figure 16 « Hanging Wall Gneiss “B%

The photograph (X70) of Al39/85 shows the development of
fine-grained sericite at the edges of guartz and feldspar
xenoblasts, A large, typically rounded, gircon has been
ringed,



3s THE APLITES

(Eighteen thin sections were exemined, and
ten have been included in this description
section).



Specimen No. Aléﬁ[llz

Field Name

Aplitic guartzite,

Location

Diamond drill core near the lode below 10 level,
Delprat area,

Macroscopie

) A fine~grained garnet quartzite consisting largely
of quartz and minor garnet, The rock has & bleached appearance
when dry, but is pinkish when wet, The grain size is so emall
that only quartz and garnet can be recognised,

Microscopic

A fine-grained quartgite with a marked lineation,
Component minerals are quartz, garnet, sillimanite and feldspar,
with subordinate biotite and sericite, and accessory zircon,
The siliceous matrix is largely granoblastic, although elongation
of gquartz and feldsper grains is evident, However, there is ne
sign of any strain in these crystalloblasts. The sgillimanite
prisme are small and usually occur as individuals, more rarely
a8 bundles of fibres in association with sericite., They exhibit
a strong preferred orientation parallel to small flakes of biotite,
Most needles are unaltered and idioblastic, although slight
sericitisation has occurred in some cases at the edges,

Quartz xenoblasts comprise 65-70% of the rock, The
average grain diameter ie from x = 1 mm, Most grains are clear,
and sometimes the grain boundaries are outlined by wisps of
sericite. Inclusione of minute grains of sillimanite, sericite,
biotite and quartz are numerous in some grainse

Plagioclase and orhboclase present are mostly
sericitised, However, feldspar is not abundant, and only 5% of
the rock consiets of these minerals, Orthoclase is not twinned,
and plagioclase poorly twinned, The multiple twinning of the
latter can be seen most effectively with the high power objectives,
No extinction angles were measured. Flagioclase is biaxial,
positive, and 2V is approximately 70°, Graine are xenoblastic
and usually rimmed by sericite, Alteration has not, however,
reached the stage observed in all orthoclase relics,

Irregular<shaped pink garnets, often aggregated, are
of about the game grain as quartz grains, They are in the majority
of cases perfectly fresh and unaltiered and contain few inclusions.
There is no evidence of a fragmented habit, se often observed
in larger garnets of Broken Hill vintage.

Biotite is not abundant,s It occure as rudely aligned
streaks, and is in most cases completely unaltered, Moet flakes
are s trongly pleochroic from light brown to dark brown with a
red ringe, and contain small blebs of magnetite, On rare occasions
partial chloritisation and sericitisation is apparent,



.2.

Specimen No, 4139/117 (cont.)

_ Zircon, apatite and magnetite are rare. The zircons
are typically rounded and often guite large. Apatite is
plentiful but grains are irregular in shape, and small in size,
Magnetite occurs only as the pre~mentioned segregations in
larger plates of blotite,



Specimen Noe. Al 118

Field Name
Epidosite guartzite,

Location

Quartzite in lode below 10 level, Delprat area,

Macroscopig

This is a very good epidosite guartzite, It is
a pinkish colour (due to finewgrained garnet), but streaks of
epldote~rich material of dark green colour are common. Quartz
veins, containing coarse sphalerite and chalcopyrite also occur,
These are essentially blue, translucent guartz of large grain
gize,

Microscopic

The rock is an epidote guartzite with distinct
granoblastic texture, Component minerals are gquartz, clinozoisite,
epidote and g arnet, with minor chlorite. 50-60% of the rock is
quartz, occurring as polygonal sections less than 1 mm in diameter.
A large percentage of the remaining minerals is clinozoisite
which abounds as xenoblasts of the same size as the quartz grains,
It is non~pleochroic and exhibits characteristic birefringence,
Garnete are present, but subordinate toc the above menticned species,
They are small, idioblastic, and unaltered, Yellow, pleochroic
epidote, usually rounded blebs of high relief are rather sparse,

A notable feature is the absence of any feldspar,
coincident with no signs of sericitisation which has b een a
common phenomenon in rocke close to the lode horizon, Alteration
is limited to partial chloritisstion of epidote and clinozoisite,
Garnets are completely fresh,

Accessory minerals are distinctive and easily recognised.
Thus zircon, as rounded g rains of high relief and strong bire
frigence, is relatively abundant. Ilmenite and sphalerite alseo
occur, but are rare,



Specimen No. Al 11l

Field Name
Aplite,

Location

D.Ds core, Laurel No. 2 Hole,

Macroseopic

A rather non-descript quartzose rock of fine graim
8ize, The rock is deficient in dark minerals, snd has a
whitish colour flecked pink by minute garnets., Occasional quartz
veins cut the rock, but texture is essentially granular and
homogeneous,

Microscopiec

A rock of granoblastic texture, essentially quartz,
feldspar and gernet, with subordinate brown blotite and wispse
of sericite, Feldpars are orthoclase and minor well-twinned
rlagioclase, with no microcline, Zircon and ilmenite are the
accessory minerals,

Quartz graine are very irregular in shape, although
consistent in size, The average diameter ie slightly greater
than 0.5 mm, but graine may reach 1 mm. Most feldspar
erystalloblaste are somewhat smaller, Quartz xenoblaste
frequently contaln minute inclusions of indeterminate material,
These inclueions are not arranged in any pattern, and do not
indicate a pre—~existing grain boundary. 65% of the slide is gquartz,

Orthoclase is common, and often altered to fine flakes
of sericite, No itwinning is apparent, Plagioclase is lezs
abundant, but grains are welletwinned on the simple albite law
and show no signs of dteration, The composition is that of
andesige. 5% of the rock is orthoclase, with plagioclase less
than 5%.

_ Garnets are small and frequently altered at the edges
to biotite, chlorite and sericite, Crystalloblasts are badly
shaped, and fractured., No inclusions are present, although
fractures are commonly filled with wisps of sericite.

Biotite occurs only as small irregular flakes which
are pleochrole from light to dark brown. It is not abundant but
is evenly distributed throughout the matrix, There is ne evidence
of any preferred orientatione

Zircon, ilmenite and pyrite are accessories, with
pyrite more abundant than the first two,



Specimen Ne. A1§2[121

Field Name
Aplite

Location

An aplite from pegmatite development close to the lode
on 22 Level, South Mine,

Macroscopic

A grey rock resembling fine-~grained pegmatite, Occasional
large grey orthoclase crystals occur, but on the whole the rock
is of small grain size and rather siliceouss Lineation and elonation
of guartz grains is apparent even in hand specimen, and a small
biotite content appears as segregations which are strohgly directionw
ale ©OStreakes of sericite are abundant, and small pink garnets
subordinate,

Micrescopic

A fine-grained rock of quartzite compoeition. Quartsz,
feldspar and sericite are dominant minerals, with subordinate
biotite and & low percentage of femic constituents, Magnetite,
ilmenite, and zircon occur, but only in accessory proportions,
The texture is strongly directional, with biotite flakes and
streaks of sericite showing preferred orientation, and guartze
feldspar grains rather elongated. The average grain size is
small, and grain shapes are mostly irreguler, Sericite flakes
are larger than is usually the case flor this retrograde alteration
product and flakes are well formed. The shapes of all component
minerals suggests growth under directed pressure, Hence the
layered appearance,

Plagioclase is xenoblastic, and often rimmed by
gericite., Inclusions, largely quartz end minute flakes of biotite,
are common., Twinning is coarse and poorly defined. The maximum
extinction angle normal to 010 is + 159, and the mineral is biaxial
negative, The composition is sodic, Aby Any, on the oligoclasem=
andesine border. Myrmekite intergrowth wita guartz is common,
and several large grains of plagloclase are rimmed with myrmekite
5«+10% of the rock is plagioclase, and 60%- guartze

garnet is resre, but a few fragmented xenoblasts were
detected., These are pink and completely unaltered. It is present
only in accessory amount. Likewise, orthoclase is rare, and the
potash content of the rock must be rather low,

Magnetite and gzircon are also accessories, but very rare,



Specimen No. Al}g[lzz

Fileld Name

Aplit@;
Locatiog

Ssurface outcrop at Thackaringa.

Macroscopic

A white, sugary splite composed mainly of qguartz and
feldspar, Grains are eguidimensional, and the rocks resemble
a rather medium to coarse grained metaquartzite, Quartz
erystals are clear and colourlese, and feldspar is white and
slightly weathered in places. A few rare flakes of blotite
were observed, but dark minerals of thie nature are generally
abeent, No sulphides were detected, the weathered portions of
the rock showing no iron~staining. Blue quartz, often present in
other aplites close to the lode, is absent in this rocks

Microscoplg

The rock is composed entirely of guartz and feldspar
(mainly plagioclase)., A few flakes of biotite occur, and
zircon apd rir tile are accessory minerals, The texture is
granoblastic, with biotite flakes arranged haphazardly and
quartz, feldspar xenoblasis normally equidimensional, and
showing ne signe of straine

Quartz grains are very irregular, but are clear,
contain few inclusions, and show no signs of serieitisation.
No pre-existing grain boundariee are visible, 50«60% of the
rock 1s quartz,

Flagioclase xenoblaste are well-twinned, and completely
fresh and unaltsred. Extinction angles mnormal to 010 reach a
maximum of + 10°s It is biaxial, negative, with moderate 2V,
The composition ies oligoclase, nearly Ab7 An3.

Orthoclase is present, but subordinate to plagioclase
25«30% of the slide is plagioclase, with less than 10% orthoclase,
Thie mineral is unaltered and not twinned,

Accessory minerals are interestings Zircon is
abundant as small rounded grains of high relief and strong
birefringence, Rutile grains are emall but often perfect in
erystal form. These are brown, of sufficient intensity te
mask interference colours, Rutile is unusually abundant,

Chlorite and ilmenite are also present, but fairly
rare,

Grain size is on the average 1 mm in diasmeter,



Figure 18 = Aplite

The photograph (X70 spprox.) of A139/123

shows the xenoblastic nature of plagioclase
and quartz, end the fine multiple twinning

of plagioclase in this rock, Small unoriented
flakes of biotite also occurs



Specimen No. Al}g(lg&

Field Name

Aplite

Location

e —————)

Pinnacles distriet

Macroscopic

A medium-grained aplite with faintly gneissie
structure, The rock is composed mainly of quartz and
feldspar, with subordinate sericite (or muscovite) and a few
rare flakes of brown biotite, It has a layered appearance
with coarser grains of guartz and feldspar separated by
irregular folia of muscovite, Several large crystals of
orthoclase occur, but the grein size overall is consistently
even, Larger quartz grains are noticeably bluish -~ grey, a
feature of siliceous rocks close to the lode channel, but no
sulphides are visible,

Microscopig,

The mineralogy is identical to that of A139/123,
Thus therock is largely guartz and oligoclase, with subordinate
orthoclase and occasional flakes of biotite, Both zircon and
rutile are present in minor amount. The texture, however,
differs slightly from the previous rock in that grains of
quartz and feldspar are more irregular in shape, and variable
in size, An aversge ghaln diemeter cannot be estimated; all
gizes from minute inclusions to xenoblasts several nms wide
being present, The rock has suffered no sericitsation and all
mineral constituents are f resh,

The plagloclase is twinned on the albite law, rather
coarsely., Extinction angles provide a determination of the
composition, which is rather sodic; that of oligoclase, Ab ADze
Plagioclase grains are xencblastic, and normally smsller than
1 mm in diameter, commonly about % mme 25-30% of the rock is
oligoclase, Orthoclase again is subordinate, to the extent
of only 5% of the slides HNo other feldspars occure



Specimen No. A1§2z12§

Field Name

Aplite

Location

Pinnaclesg district

Macroscopie

A grey speckled aplite composed of fine grains of
quartz and feldspar. Minute flakes of biotite, and cryetals of
pyrite and chalcopyrite occur less sbundantly. Coarser grains
of feldspar are present as vein-like masses which meke more
apparent a faint gneissic structure imparted by aligned flakes
of biotite, A yellowish staining -on weathered surfaces resembles
that often associated with the weathering or oxidation of quartzw=
galena material of the Broken Hill lode, However, ne lead or
zine sulphides are visible in the hand specimen,

Microscopic

The rock is composed mainly of guartz and twinned
plagioclase, witha small proportion of orthoclase. Sericite
is less abundant, and probably retrograde, Pyrite is present
in amount greater than accessory, but galena, rutile, and zircon
are rarer. The texture is granoblastic, both quartz and plagioe
clase grains being xenoblasilc but approximately equidimension.
No directional texture is evident,

Crystals of plagialase are rather finely twinned
(polyasynthetic twinning), and extinction angles measured normal
to 010 give a maximum result of 15% The feldspar is biaxisl,
positive, with 2V = 85 ¢ It has the composition AbgAn,, and is
andesine. Most grains show 1little or no signs of alteratione
Perhape 30-L0% of the rock is andesines

Potash feldspar occurs as orthoclase, but noe microcline
was determined. Slight alteration to sericite wisps is apparent
in a number of cases, Orthoclase i1s subordinate to plagicc lase,
and an estimate reveals that only 5% of the rock was potash feldspare

Quartg grains are usually about 1 mm in diameter, but
are very irregular in shape, Grain boundaries in many cases are
somewhat indistinct 50~-60% of the slide is quartz,

Sericitisation is not intense, but occasional wieps
can be obeerved. Few of these are large most belng small and
poorly~formed. Sericite is a retrogrede mineral after feldspar
heree

Pyrite, gelena, hematite (after pyrite), and zircon

are present, but pyrite is the only one of these that is at &ll
abundant, Crystals of pyrite are usually well formed, but rather
shapeless aggregates also occur Of the other minerals mentioned
rutile crystals are small dbut often idioblastie and the zircons
are typical of most zircons in the

5 granitic rocks -
small and rounded in outline, s



Figure 19 «~ Aplite

The photograph, (X70 espprox.) of A139/125 shows the
idiomorphic crystals of pyrite. Feldspar are clouded,
due to partial sericitisation. Larger flakese of
sericite can also be seene



Specimen No. 4139/126

Field Name

Aplite,

Location
From the Big Hill district,

Macroscopig

A white, siliceoue aplite with a weak gneissic
structure, The banding is due to veins of feldspar which
appear somewhat altered., Pyrite and pyrrhotite are particularly
abundant and occur as small individual crystals scattered
throughout,

Microscopic

The mineral assenmblage is guartz-plagioclase~orthoclase,
Subordinate sericite (as felted masses of minute flakes) and
pyrite are also present, The texture is granoblastic, although
the streaks of sericite give an impression of directional texture,
Graine of both guartz and feldspar are equidimensional and
certainly not elongated, however., In fact, the growth appears
more "metamorphic" than many other rocks of this type, with
gsemi-polygonal grain boundaries indicative of simultaneous
recrystallisation, These boundaries are very sharp and clears

Quartz crystals are clear and unaltered, and contain
few inclueions, This mineral is irregular in shape and
xenoblastic, but g rain diameters are consistent within the range
1 mm to # mm.

Flagioclase xenoblasts are approximately the same
size as the quartz grains., The soda~calcic feldspars are
dominant over potash feldspar as in most of the aplites examined
in thin section. Crystals of plagioclase are unaltered and
contain few inclusione, Twinning is found and extinction angle
measurement gives a maximum for sections normal to Ol0 of + 15°.
The composition is that of andesite, AbgAn) 35 % of the slide,
was twinned plagioclase, and quartz is slightly more abundent
(perhaps LO-50%)s Orthoclase has been sericitised, but a few
Carlsbad twins were of interest. Less than 10% is orthoclase.
No other potash feldspar 1z present.

Crystals of pyrite, often welle~formed, are particularly
plentiful. Masses of small quartz grains aggregated together
are common in the matrix, but sometimes these surround idioblastic
pyrite crystals, Rutile, as rounded grains of high relief, is
again present in accessory amount, and magnetite and zircon are
less abundant,



Specimen No. A122(128

Field Name

Aplite
Location

Near No., 7 Shaft, South Mine, at 12 Level,

Macroscopig

In the hand specimen this rock would be classified
as a quartzite, It is dense and massive, very hard, and extremely
fine-grained. A pinkish tinge is undoubtedly due to disseminated
garnete It thus closely resembles the typical lode "garnet
quartzites", Biotite is rare, but a few flakee are present,
with minute garnets. The grain aize is too small to positively
identify any feldspar, but this mineral, if present, would be
subordinate te gquartz and even garnet,

Microscopic

The rock is composed largely of quartz and g arnet, with
subordinate orthoclase, Blotite, galena, sphalerite, magnetite
and ilmenite, biotite and zircon are of lese importance. Texture
is granoblastic, quartz and feldspar crystals being xenoblastio,
and the garnets often idioblastic, These garnets are rather small,
and show no signs of alteration,

Quartz grains are clear, with few inclusions, and
outlines are sharp. The mutual relationships certainly point to
metamorphic recrystallisation. At least 60% of the rock is guartz,.
No plagioclase occurs, the only feldspar present being orthoclase,
and this mineral is certainly not over-abundant,

Sericite does occur, but is rare here, Ilmanite and
sphalerite suggest some affinity with the lode, and galena is alm
present., Biotite is not plentiful, but groups of tiny magnetite
perticles may represent completely decomposed biotite,

Zircon occurs in accessory amount. Grains are somewhat
elongated, and crystals outlines are blunt and pounded.

The rock has obviously been subjected to infiltration of
fluids from the lode channel,



Specimen No, Al 130

Field Name
Aplite,
Location

Outerop from the Redan district,

Macroscopic

A gneissic aplite composed largely of quartz, feldspar
and subordinate biotite. Streaks of irregular and non-=continuous
biotite folia, separate quartz and feldspar grains, imparting
a faintly gneissic structure on the rock as a whole. However,
there are no distinct layers of the salics, nor 1s there
pegmatitic veining. An abundance of feldspar is evident, Quarts
may comprise over 50% of the rock, and is colourless &and clear,
and not a translucent blue colour. The rock is slightly pinkieh,
which may be due to fine-grained, disseminated garnet, not
vieible as individual crystals in the hand specimen, or to the
colour of orthoclase crystals (more likely),

Microscopic

This is a quartz, plagioclase, orthoclase rock with
granoblastic texture., Ilmenite, zircon and sericite occur in
accessory amount. Magnetite has altered extensively to bright
red hematites No biotite occurs, nor any garnet. Pyrite is
relatively abundant,

Quartz grains are irregular, and varisble in size.
Larger crystals of feldspar and quartz are often separated by
aggregates of small quartz grains, very irregular and even
angular in shape, Larger gquartz crystals are cracked, and
undulose extinction suggests strain 45-50% of the slide is guartz,

Plagioclase and orthoclase together are just as
abundent as quartz, Plagloclase is perhaps more plentiful than
orthoclase. The former exhibits multiple twinning, usually on
the simple albite law, However, twinning is frequently coarse,
but not al'gays gharp, The maximum e xtinction angle normal to
010 is +14°, and the composition is #;7Anz, oligoclase, ortho-
clase occure as clear unaltered grains of low relief, lower than
neighbouring guartz and plagioclase grains. Several Carlsbad twins
are present in the slide, There is no alteration to sericite.

Magnetite occurs as well-formed crystals, and is
usually considerably altered to hematite. Ilmenite has a slightly
higher reflectivity; it has changed to sphene or leucoxene at
the edges. Small zircons abound, and are characteristically
rounded., A few flakes of sericite are of minor interest,
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TRANSITION FROM B,I.F, TO GRANITE GNEISS

Thin Section Description
A139/51 guartz, garnet, magnetite rock
A139/52 quartz, garnet megnetite rock
A139/53 magnetic feldspathie quartzite,
A139/54 Potosi Gneiss "A"

This suite was selected from a length of
diamond drill core which showed a good gradation from
a garnet-magnetite rich horizon to a feldspathic =
garnet granulite (actually Potosi "A"), No sharp
contact between these rocks was apparent, The B.I.F. was
& dark black, finely-=banded rock, with a pink tinge
(more noticeable when dry) due to garnet, Garnet and
magnetite were the chief constituents, with subsidlary
quartz, This rock graded inte the feldspathic gneiss by
a gradual increase in alkall feldspars and quartz and a
decrease in magnetite, All intermediate stages were
obeerved, The rock became richer in biotite which tended
to accentuate the banding by adopting a marked preferred
orientation, paralleling the strings and seams of garnet
and magnetite, There were no signs of garnet changing to
bilotite 1n this modification of B.JeFe Silica content
had increased, and the grains of quartz became coarsers
as though the introduction of mobile material had led to
a more pronounced recrystallisation of simllar mineral spec-—
ies, A gradual increase in feldspar, notably plagioclase,
culminated in the development of a Potosl =~ like gneise.
This wag still rather rich in magnetite even though quartsz,
plagioclase, garnet and biotite predominated, The colour
was normal for a Potosl Gneiss, but a hand magnet was
surprisingly strongly attracted. The magnetite here does
not occur as streaks parallel to the foliation, but is
intimately associated with large garnets and ragged dark
brown flakes of biotite,



Speclimen No. Alég(ﬁl

Field Name
Quartz, garnet, magnetite rock, or "Banded Iron Formation",

Location

DeDs hole E2, Delprat core, L423',

Macroscopic

This is a fine-grained massive garnet, magnetite
quartzite with sedimentary relict banding of magnetites, It
breaks with an uneven fracture and is very hard and heavy.
Small chipe are strongly magnetice Fine-grained garnets give
the rock a pink coloration, but it is nearly black when wet,
Garnet and magnetite are very abundant, with less quartz,

Microscopic

The chief minerals are garnet, quartz and megnetite
and apatite with accessory crystals of pyrite and galena, This
rock has a simple granoblastic texture with a tendency for
magnetite to occur as long streaks separated by grains of pink
garnet, lisolated magnetite and quartz. Garnets are equidimensional
and completely unaltereds The average grain size of the main
minerals is approximately 1 mm,

30% of the slide is garnet = grains which are light
Ppink, completely isotropic and have a high relief. Only 20% of
the rock is quartz. This mineral is xencblastic, and has low
relief and weak birefringence. Nearly 50% is magnetite, as small
black irregular grains and aggregates of grains. Pyrite and
galena are rare, The former is aseociated with magnetite, and
is xenoblastic. It occurs in a mass over 1 mm, wide, Traces of
galena, showing high reflectivity, can be seen, No other accesgsory
minerals were determined,



Figure 20 = Quartz, garnet, magnetite rocke

Photograph (Approxe X70). ies a thin section of A139/51
showing sbundant black magnetite, irregular quartz
grains and mottled garnets, Several large crystallo-
blasts of apatite of high relief are also present,



Bpecimen No. Al 2

Field Name
Quartz, garnet, magnetite rocks

Location

D.Ds hole E2, Delprat core, L2i!

Macroscopie

This rock resembles 51 closely, but banding is more
prominent because of a greater percentage of quartz, Segregations
of this mineral form distinct layers, The quartz lie a deep blue
colour, and most graine have outlines of sericite, visible in a
polished face., Garnet and magnetite abound.

Microscopie

The rock consiste chiefly of quartz, garnet, biotite
and magnetite, with subordinate orthoclase, sericite, and traces
of pyrite, chlorite, apatite and zircon. Structure is gneiscose,
Magnetite and garnet graine constitute segregations separated
by lenticles of quartz, Some areas have been sericitised and
occaslionel flakes of muscovite were noticed, A minor amount of
sericite accompanies garnet, The latter is idioblastic, and
partially altered at the edges and in cracke to biotite and
chlorite, ©Some orthoclase ie present, but not at all abundante
Plagioclase is entirely absents

Grain size varies, The average for garnet is % mm,
but guartz xenoblasts reach 1 mm in widthe These are apparently
elongated in the direction of a rough foliation, One large quartez
mase is 3% mme, across, and shows pronounced strein shadows or
undulose extinction.



Figure 21 -~ Quartz, garnet, magnetite rock,

The photograph of Al39/52 showe the association of
black magnetite, brown biotite, garnet and guartzs
The rock is strongly banded and small flakes of
semi-aligned biotite are more conspicuous than in
A139/51, which is almost devoid of biotite. Garnets
are slightly altered marginally to biotite without
marked disruption and fragmentation. Minute wisps
of biotite are included in larger guartz grainsg,



Specimen Noe, A139/53

Field Name

Magnetic feldspathic quartzite,
Location

D.Ds hole E2, Delprat core, 425!

Macroscopie

Minerals visible to the naked eye are magnetite,
quartz, feldspar, garnet and iron sulphides (possibly
pyrrhotite or pyrite)s There is no definite gneissic
banding, but streaks of magnetite and garnet in & siliceous
matrix give the rock a rough parting. Sericite is present,
as in A139/52,

Microscopic

The chief mineral componente are quartz, sericite,
garnet, biotite, plagioclase and magnetite, with accessory
pyrite 30-L0% of the rock is quartz, but a large percentage
here is sericite, This sericitisation, quite intense, is
the main feature of the rocke A gneissose structure is
vaguely defined by preferred orientation of the larger biotie
aggregates, Over 50% of the slide has been completely
sericitised, with the development of fine flakes of muscovite
which coarsen in association with larger biotite plates and
granular garnets, These garnets are essentially unaltered and
oceur as definite segregations, all aligned. Magnetite
constitutes approximately 5-10% of the thin sections

Plagloclase, poorly twinned, appears for the first
time in this suite, It is xenoblastic, and associated with
gquartz and sericite, Grains showing multiple twinning give a
maximum e xtinction angle of 15° in sections normal to 01l0s
It ies blaxial, negative, and lies in the oligoclase composition
range, Orthoclase 18 absent and has probably changed to sericites

Grain size is small, especlally quartz grains but
meny grains are larger than 1 mm. Garnets are often i mm wide,



Figure 22 « Magnetic, feldspathic quartzite,

The photograph (X70 Approxs) of A139/53 shows the
extensive sericitigation which characterises this rocks

Altered garnets and small idiomorphs of magnetite are
also conspicuous,



Specimen No. A1§24§5

Fleld Name

Garnet, gneiss, slight resenblance to Potosi-Gneiss,
Location

D.D. hole E2, Delprat core, 434°

Macroscople

This is a feldspathiec rock consisting chiefly of
quartz, feldspar, garnet, magnetite and blotite. It is rather
granulose, and is much coarser—grained than earlier members of
the suite, Garnete are large and spherical, and rimmed with
biotite and magnetites

Microscopie

This is a quartz, plagioclase, garnet, biotite gneiss,
with small garnets imparting on it a speckled appearance,
Plagioclase is xenoblastic, usually fresh and unaltered, but
sometimes sericitised at the edges and in cracks. Garnets
are rounded, and altered marginally to biotite and green
chlorite. Magnetite is assoclated with brown blotite flakes,

Accessory minerals are apatite and zircone The
former is of acicular habit, and fairly abundant,

The chief feldspar is plagioclase. Very little
orthoclase is present, BExtinction angle normal to 010 gives
a maximum value of 20°% The composition is that of andesine.
It is biaxial, positive,

Grain size is fairly coarse, Garnets have an
average width of 1/16", and quartz and feldspar crystalloblasts
may be several mms in diameter.



Figure 23 ~ Granite Gneiss.

Photograph (X70 approx.) of Al39/54 shows a large
fragmented garnet altered marginally and along
fractures to biotite and assoclated magnetite.
Grains of quartz contain numerous small inclusions,
irregularly distributed., Sericite has outlined
grain boundaries on the left of the photographe



TRANSITION FROM GRANITIC GNEISS TO AMPHIBOLITE

Thin Section Description
A139/119b feldspathic garnet, biotite gneiss,
A139/49¢c biotitised feldspar, garnet gneiss.
A139/L9a smphibolite (garnet—rich),

Three slides were cut from a short lengthdo dJdiamond
drill core in which a change from granitic vein material to
amphibolite was evidents, This vein material could not be
classified as Hanging wall gneiss or even Potosi Gneiss, but
is more of s garnet-rich pegmatite, perhaps resembling Potosi
Gneiss in some respects. Segregated quartz~feldspar veins and
knotted masses of blotite are characteristic in this rocke.
Garnets are large and numerous, but always poorly formed and
rather dispersed. This material changes imperceptibly into a
feldspathic rock rich in biotite, but correspondingly more
def'icient in garnet. Garnete are still present, but grain
diameters are smaller, The amphibolite proper is a rock in
which coarsely crystalline hornblende is the dominant mineral.
Biotite is still abundant, but feldspar is low, and quartz
occure only as specks and blebe widely spaced. Garnet is not
vieible in the hand specimens The latter stages of the change
appears to be simply an exchange of biotite and hornblende,
until the amphibole reaches a maximum.

The slides are labelled A139/49a, A139/49b, and
A139/49¢c., Actually the order in which they were examined was
b, ¢, and finally a, L49b is largely pegmatitic material, ¢ an
intermediate stage in which biotite has become more prominent,
and ¢ is a rather fine to medium—-grained amphibolite, still
containing a relatively high percentage of bilotites Descriptions
now follow «



Specimen Noe. Al139/4

Name
Feldspathic garnet, bliotite gneiss,
Location

DoDe hole W1, Broken Hill South Ltd., core, 261!

Macroséop@g

The rock is pegmatitic, with abundant feldspar and
guartz. However, blotite and garnet are also of some importance.
Biotite is knotted, and most flakes are small and of & brownishe
black colour, @Garnets are large, and bright pink in colour,

They are very irregular in shape, and appear dispersed in places,

Microscople

The thin sectlion can be conveniently divided inte
three sections:=

l, Quartz, feldspar vein material,
2. Sheared-out or dispersed garnet masses,
3, Biotite~rich gneiss material,

Each of these will be dealt with separatelys

ls Quartz, feldspar sections

This is composed largely of porphyroblastic plagioclase
end a matrix of quartz and orthoclase. Moet plagloclase
xenoblasts are cloudy, due to alteration to fine flakes of
sericite both at the edges and whenever surfaces were exposed,
Quartz grains are equigranular and show polygonal outlines, The
texture is granoblastic. Orthoclase is subordinate to plagioclase.
The latter is very finely twinned and has the compogsition of
oligoclase, It is biaxial +ve, and 2v is nearly 85°,

2. Garnet-rich divisions

Large pink isotropic almandine crystals are abundante
These are relatively fresh and occur as segregations assocliated
with a little biotite and crystels of black magnetite, Few
inclusione are present in the garnets, apart from isolated
round quartz grains and small flakes of biotite, Of some interest
ie the highly dispersed nature of some garnets. What appears to
be a single garnet in the hand specimen is in fact a mass of minute
crystals, never well formed and eeemingly fragmented,

3« Biotite gneiss portion,

Small, randomly distributed flakes of blotite in a
quartz-orthoclase matrix are common, marginal to vein materials
This is a biotite, quartz, plagioclase schists .Biotite flakes
show a strong preferred orientation. The plagioclase is andesine,
Ab6Anu, Magnetite is abundant, and apatite, zircon are accessorys



Specimen No., A139/L9c
Field Name

Biotitised feldspathic garnet gneiss,
Location

D. D. hole W1, Broken Hill South Ltd., 261!

Macroscopic

Hand specimens st this stage represent a biotite-rich
garnet gneiss, The biotite is a black variety, with a slightly
greenish tinge. A139/49b contains knote of this biotite, In
h9c schistosity is more apparent, and folia of fine=grained
biotite are interlayered with quartz and feldspar. Garnets are
visible in the more vein=like material, but not large enough to
be seen in the biotite schiste The structure suggests a
pegmatisation of a rock rich in biotite, and where the guartze
feldspar veins have disrupted and partially destroyed the local
biotite banding,

Microscople

The main part of this slide is biotite schist, Chief
mineral components are biotite, plagioclase, orthoclase and
quartz, with subordinate magnetite, 2ircon and apatite are
accessory, Schistosity is strong, with flakes of biotite showing
a preferred orientation, No amphiboles were determined,

Grain size is fairly uniform, and most quartz crystals
are less than ¥ mm in width. Biotite flakes are likewise small,
Plagioclase, which is more abundant than orthoclase is well«twinned,
It has the composition AbgAny, andesine, with a maximum extinction
angle normal to Q010 of + 280. Alteration of theee grains is but
slight.

The difference between L49b and L49c is largely a matter
of grain slize and biotite content, Garnets are large and have
very irregular crystal outlines in the more pegmatitic portions,
This minperal does not abound in the biotite schist, and when
preseht is gquite fine~grained. Crystals are complstely unaltered,
contain no inclusions, and are well-formed. Accessory minerals
are much the same viz. magnetite, zircon and apatite, However,
magnetite is more plentiful in the biotite~rich material. Feldspars
are the same, and present in approximately the same proportions,.
Of course the pegmatitic material is considerably richer in these
than the biotite schist into which it grades,



Specimen No. Al39/L49a

Field Name

Amphibolite

Location

D.D. hole W1, Broken Hill Ltd. core, 261"

Macroscopic

A dark green rock in which crystals of amphibole
(possibly hornblende), biotite and guartz-feldspar are easily
discernible. A schistosity has been retained, with folia of
biotite~«rich portions and elongated crystals of amphibole
sometimes streaked with feldspar segregations. No garnet is
vieible, and the mineralogy is apparently simple.

Microscopic,

The dominant minerals are hornblende, biotite,
guartz and orthoclase, with subordinate garnet and magnetite,
and accepsory zircone Plagioclase is practically absent. The
texture is directional, biotite flakes exhibiting preferred
orientation, and hornblende crystals lying with priem faces
parallel to the trends of biotites

Quartz and feldspar grains, with a combined percentage
of less than 10% of the rock, are characteristically xenoblastics
Most of the feldepar is orthoclase, This 18 relatively unaltered,
and contains few inclusions. Crystals are less than 0.5 mm in
width, Plagio is untwinned, but only a few graines occurs @Quartz
xenoblasts are more abundant than feldspar., These contain small
inclusions of hornblende and biotite and are somewhat polygonal
in outline, testifying to a metamorphic recrystallisation.

The hornblende appears as rather ragged blue-green
crystals, occasionelly yellow~brown. The brown patches grade
into blues and greens, 2Zircons, which are numerous in the
biotite also occur within hornblende plates. Biotite has
apparehtly charged tec hornblende. This charge has not been
complete, and relic fabrics are plentiful. Associated with
horneblende Xenoblasts are small idioblasts of pink almandine
garnets, These are very clear and unaltered., Magnetite is alse
gbundant, and zircon slightly lesser in amount,



TRANSITION FROM "POTOBOLITE" TO AMPHIROLITE

Thin Section Description
A139/33 "Potobolite®
A139/3h feldepathic amphibolite
A139/35 amphibolite

A139/36 amphibolite

"pPotobolite™ is a granulose rock resembling
Potoel Gneiss, but distinetive in that development of
hornblende has imparted a greemn colour to ite Biotite,
abundant in Potosi Gneiss, is subordinate here to quartz,
hornblende, garnet and feldspars, Potobolite is often
associated with dark green amphibolite in the lode ares,
It has only developed at the contact of a feldspathie
rock (Potosi Gneiss) and amphibolite, and probably
repregents a gentle metasomatic exchange of materials
across the contact, The amphibolite in this suite is
a rock consisting chiefly of hornblende, plagioclase
and minor quartz, with occasional small well-formed
garnets, All transitional stages were observed in the
length of core from which the specimens were selected,
The followlng slide descriptions are representative
of this gradation,



Specimen No. Alég[i}

Field Name

Potobolite
Location

DeDe hole E3, Delprat, 6L2?!

Macroscopilce

A granulose rock consisting of garnet, feldspar,
quartz, hornblende and biotite. The structure showe no trace
of foliation, although a slight lineation of hornblende
crystale is apparent, In general, the rock could be described
as a hornblende-rich, biotite-deficient garnetiferous pegmatite,
Large crystals of feldspar, possibly plagioclase, and visible
to the naked eye, Grain size is large, especially garnet,
quartz and feldspar. The garnets, completely unchanged at the
edges, and poorly formed but often 3" in diameter, Several
large streaks of sphalerite are visible in places,

Microscopic

Chief mineral components are quartz, hornblende,
plagioclase and g arnet, with subordinate biotite and magnetite,
and accessory zircon, sphalerite, pyrite and apatite, The rock
is coarse-=grained, and essentially granoblastiec. Polygonal
guartz outlines typify metamorphic recrystallisationse

Plagioclase xenoblasts are often quite large (several
mme), Twinning is coarse and sharp, and the composition lies
in the highly calcic labradorite range. Orthoclase doee not
occurs In fact, potash feldspar is completely absent,

Hornblende, very aebundant, has a characteristie
greenish-blue colour, and is strongly pleochroics, It is intimately
associated with minor biotite and magnetite. Larger magnetite
masses are commonly rimmed with haloes of garnet, These are very
small, and occur as connected aggregates, Large idioblaste of
almandine are also of importance. No alteration is evident.

Zircon inclusions are common in the hornblende, These
crystals are ringed by characteristic pleochroic haloes, Apatite
and magnetite are also readily determined.



Specimen No. A139/3L

Field Name

Feldspathised amphibolite,

Locatlon
D.D. hole E 3, Delprat 6L8"'
Macroscopie

The rock is a granoblastic aggregate of quaertsz,
feldspar, and hornblende, Quartz and feldspar together comprise
L5% of the rock, with the remainder largely coarse-—grained
hornblende., No garnet or biotite is visible to the naked eye,

A coarse, rather irregular and disconnected banding is evident.
Sphalerite and iron sulphides are fairly commons

Microscopice

*he rock is similar to A139/33 in actual mineral
composition, although proportions of the chief minerals vary
considerably. In addition, epidote is fairly plentiful .in this
rock, but absent in 33, Plagioclase, hornblende, quartz, epidote,
garnet and zircon all oeccur. Quartz is rare, with plagioclase
the dominant white mineral. This appears ag large xenoblasts,
generally showing a coarse multiple twinninge It is labradorite,
having a maximum extinction angle in sections normsl to 010 of
359, Epidotg is an associates This mineral is blaxial, negative,
with 2V = 70°¢ Relief is high, and pleochroism from yellow to
yvellow—green rather weaks

Garnet, almandine inmcomposition, ie not abundant.
Grain size has become quite small., Few garnetis arelarge enough
to be visible to the naked eye,

Zircon is acceesory, usually as inclusions in
hornblende crystals,

The main differences between this slide and A139/33
are that garnet content has decreased markedly, and so has the
percentage of guartz and feldspar (coincident with a less "veined"
appearance),



Specimen No. A139/35

Field Name

Amphibolite
Location

DeDe¢ hole E3’ Delprat, 656'

Macroscopic

A rather granular massive amphibolite, consisting
largely of feldspar and hornblende. A faint directional
texture is evident, Thefeldspar content is lower than in
A139/34, and hornblende correspondingly higher. Garnet is
not visible in the hand specimen,

Microscopic

This is & coarse~grained amphibolite with a high
percentage of plagloclase, However, hornblende is the
dominant mineral and is strongly pleochroic from blue to
green, Plagioclase and quartz xenoblasts of common. The
former exhibits a coarseomultiple twinning and has a low
extinction angle of + 15 for sections normal to 010 (maximum
value chosen), The composition lies in the andesine range.
It is optically negative and 2V = 85°, Quartz is relatively
rare, but a few grains were present,

Magnetite abounds, and this mineral is often
rimmed by garnet, or hornblende, Epidote occurs as two forms,
Larger xenoblasts are dominant, but small, prismatic idioblasts
are aleo present, Garnet is rare, but a few idioblasis were
determineda

Both apatite and zircon are accessories, Biotite
is rare, and has apparently changed to hornblendes



Specimen No. Al39/36
Field Name

Amphibolite.
L.ocabion

D.D. hole, E3, Delprat, 669!

Macroscopig

A coarse~grained, massive amphibollte, Hornblende
comprises 80% of the rock, with plagioclase a large percentage
of the remaining 20%. Banding has almost completely disappear-
ed, and feldspar veining 1s absent,

Microscopic

This is a coarse-grained amphibolite composed
largely of hornblende and plagioclase. Quartg is present,
but not abundant, The texture is granoblastic, due to
idioblasts of hornblende and xenoblaestic plagioclase, The
plagloclase has the composition of andegine AbghAn; , with a
maximum extinction angle normal to 010 of 20°, I% is very
well twinned. Magnetite or ilmenite is abundant, and pyrite
crystals are present sparsely. Epidote is present, but does
not reach any great development,

Plagioclase is slightly altered, possibly to sericite
or claye The fine alteration product is indeterminate, Biotite
is altering to hornblendes

Accessory minerals are very sparse, but apatite occurs
as small rounded graine of moderate relief,



CONTACT BETWEEN SERICITE SCHIST AND AMPHIBOLITE,

Thin Section ' Description

A139/4) sericite schist,

A139/42 garnet, sericite schist

A1L39/43 garnet, sericite schist

A139/4L sericite schist,

A139/45 feldspathic sericite, biotite
gneiss,

A139/46 feldspar, biotite gneiss

A139/47 feldspathic garnet, biotite
gneiss,

A139/48 biotite-rich "emphibolite",

This transition was of interest on several countg:w

1, As a contact between a banded, strongly foliated amphibolite
and sericite schist,.

2. The nature of sericite schist and variants of this rock
type was studied in close detail,

3+ Development of feldspathic and siliceous layers, often
coarsely gneissic, in these schists was of some significance
as regards mobility of material during metamorphisms

L, A foliated, biotite~rich amphibolite was examined.

Rock slide descriptions follow «



Specimen No. A139/L1

Field Name

Sericlte schist,
Location

D.D., hole E2, Delprat, 712!
Macroscopic

A highly schistose rock composed of fine-grained
sericite interlayered with sheets of quartz-feldspar, Biotite
is also present, although not to the same extent as sericite,
Again, the flakes are very small, Pink garnets, probsably
almandine, are disseminated between planes of schistosity. These
are somewhat elongate, and usually fragmented with irregular
outlines, Grain dilameters vary, but the maximum would be less
than §", with most about 1/16", Quartz and feldspar layers are
contorted, and the structure is suggestive of pitygmatic folding.
An estimate of the percentage quartz is difficul}, but 1t would
be fairly low - perhaps 30%. No large graine occur. The same
applies to feldspare

Microscopic

The rock is a sericite, garnet, quartz schist, with
a congpicuous foliation mainly due to,aligned flakes of finew-
grained muscovite (sericite) and subordinate biotite, Quartz
xenoblasts are characterisically elongated or sheared-out along
the plane of foliations A fine layering is apparent, with
streaks of interlocked sericite flakes separated by trains of
polygonal quartz grains, Large almandine porphyroblasts are
abundants, These have altered marginally to biotite, and s
minor development of small blebs of magnetite, closely associated
with the biotite, Magnetite 1s an abundant constituent
throughout; also, small segregations may occure. Fine elongated
eplinters follow the trend of micase

Feldspars are of little importance, Plagioclase is
present as xenoblasts of about the same size as the quartsz
( 2 mm commonly)e It is & rare constituente. Grains are
unaltered and coarsely twinned. Twinning, however, is not at
all clear, The composition is that of andesine, Orthoclase is
entirely absent, and no potash feldspar of any nature was
determined. All of the potash of the rock is held by sericite
and biotite,

Quartz grains are of irregular shape, usually elongated
or flattened. Inclusione, too small to be determined, are
plentiful in some areas, but not consistently present, Overall
grain size is small, but most grains are 0.2 mms wide, with
larger ones less sbundanty

Garnets may be seversl mme wide. These contain inclusions
of quartz grains, swept into the nucleus during rapid growth,
Alteration has occurred, but is not intense, Segregations of small
garnets along schistosity planes are common. These minute grains,
frequently disconnected, are completely fresh and unaltered,

Biotite flakes are small, and strongly pleochroic from
yellew to brown. They are of the same dimensions as flakes of
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Specimen No. 4139/u41 (cont,)

sericite, the dominant species of this schistes Preferred
orientation is pronounced. Zircon inclusions are very small,
but high relief and strong birefringence provide an easy

basis for recognition. Chlorite, showing anomalous interference
colours is an essociated of biotite, probably as a retrograde
alteration of the latter,



Specimen No. Al L2

Field Name

garnet, sericite, schist,

Location

D.Ds hole E2, Delprat, 704t

Macroscopile

Essential minerals are sericite, garnet, biotite
quartz, and poesibly chlorite. Siructure is schistose, with
large pink garnets pushing aside folia of sericite, and to a
lesser extent, biotite, Quartz layers are sufficiently fine
to be largely invisible to the naked eye, Feldspars cannot
be identified in the hand specimen, Almandine garnets are
somewhat larger than those of A139/Ll. Grain diameters of iY
or more are common, Shapes are still irregular, and quartz
inclusions in larger grains are visible in the hand specimen
without the aid of a lens,

Microscopie

The only differences of note between A139/41 and this
section are that 42 contains more green chlorite, and the grain
size, including garnet porphyroblastis, has increased. In addi=
tion, the relative proportion of sericite te blotite has increas—
ed slightly., Banding, caused by interlocked crystals of seric-
ite, is very apparent. These layers are separated by a matrix
of quartz, blotite and minor sericite. Preferred orientation
is characteristic of all flakes of mica. Quartz grains ere
elongated in the plane of foliation. Magnetite, chlorite,
pyrite and zircon are of lese importance. Feldspars are
entirely absent.

Magnetite graing are splinting. Few well-~proportioned
crystals are present, and segregations of rounded graine are
the rule, Pyrite is an associate mineral. Zircon seems to
occur only as inclusions in biotite and chlorites FPleochroic
haloes surround each grain.

Grain sige is again small, Juset slightly larger than
A139/U1,



Specimen No. A139/43

Field Neame

Garnet, sericite schist,

Location
D.De hole E2, Delprat, 701!
Macroscopic

Siliceous banding on a fine acale is characteristic
of this specimen, It is largely composed od sericite, chlorite,
biotite, quartz and garnet, Schistosity is due to folia of
sericite and miner biotite and chlorite, Chlorite has imparted
a greenish tinge on the schist. Garnets are numerous and appear
sericitised, Growth hasb een irregular, and most garnets are
distorted and elongate,.

Mleroscopie

On thin section this rock showe a gentle gradation
from A139/4l, Foliation is again strong, but layers of quartz,
and subordinate, poorly~twinned plagioclase are more pronouncede
Chlorite content has increased, and biotite less abundant., Flakes
and grains of chlorite are larger than the average plate of
sericite or biotite. The mineral is easily recognised because
of a purplish interference colour, This, together with a light
green to dark green pleochroism, is distinctive., Tiny magnetite
inclusions have accumulated inside the margins of these ragged
flakeg,s

The grain size of garnet porphyroblasts varies from
approximately 1/16" to 4". These are Xenoblastic, and unaltered.
The larger grains contain quartz grain inclusions. Smaller
crystals are remarkably free of inclusions, but still of irregular
shapee

Multiple twinning of plagioclase xencoblasts makes
determination of this mineral fairly simples, Twinning is coarse,
but not sharp. Plagioclase has the composition of oligoclase,
Orthoclase is rare, and no crystals were definitely identifieda

Zircon and magnetite are accessory, the former as
inclusions in larger chlorite flakes, An occasional grain may
be found in the siliceous matrix, These crystals are elongate
and show no sharp edges. Relief and birefringence ie characteris-
tice



Figure 24 ~ Garnet, sericite schist,

The schistose structure of Al139/L3, caused by
folia of sericite and subordinate aligned bilotlte is
apparent from the photograph. Small, but perfectly
formed garnets have sprouted from the matrixe The
magnification is X70.



Specimen No. Alggggg

Field Name,

Sericite schists

Location

D.De hole E2, Delprat, 686!

Macroscopie

The rock is well-banded, and has a streaky appearance,
with distinct layers of quartzose material and folis of micas,
mainly sericite and biotite. 1In parte the t exture is almost
massive, resembling banded quartzite. If a polished face 1is
wet, bands of finely disseminated garnet are obvious, These
layers parallel the general schistosity planes, Several wide
gquartz veins, again parallel to the foliation, are partially
contorted, resembling ptygmatic foldinge The percentage of
guartz is undoubtebly higher than in earlier slides of this
suite. Overall garnet content is hard to compare because of the
disseminated occurrence here. Feldspars may be present, but
graine are too small to identify with the naked eye or hand lensy

Microscopie

A garnet, sericite, quartz schist. The banded nature
is apparent in thin section. Layers of quaritz often composed
of quite large grains, are separated by streaks of sericite and
biotite, Garnet, as almandine, is very abundaent throughout.
Most grains are small and idioblastic, and slightly altered at
the edges to biotite and chlorites Biotite, subordinate teo
sericite, is normally brown, but many flakes have a greenish
tinge. There is an interesting development of epidote, This
mineral is fairly abundant, and often associated with garnet and
chlorite,

Quartz grains are irregular in shape, and in wide bands
may be 1 mm wide., Inclusiong of biotite and other indeterminate
materiel are numerous. However, no pattern in arrangement of
these particles was observed, Approximately 35% of the rock is
quartz, Feldspars are completely absent., The Ca of the rock
would be incorporated in epidote, and potash in sericite and
biotite,

Zircon, apatite and magnetite are accessory mineralse
Magnetite is the most abundant of these, and apatite quite rare,
Zircon is an associate of biotite and less frequently, chlorlte.



Specimen No. Alég(uﬁ

Field Name

Feldspathic sericite, blotite gneiss,

Location
D.D. hole E2, Delprat, 681°%
Macroscoplec

The rock consists of folla of fine-grained biotite,
sericite and possibly chlorite, separated by wide veins of
quartzo-feldepathic materisl often I" wide, Garnet is abundant,
but few large g rains are visible, It is pink, probably almandihe,
and usually confined to layers of biotite, sericite~rich material,
Feldspathic veins contaln no garnets. Biotite folia are wrapped
around an occasional large garnet in the more schistose bands,
Biotite is apparently more abundant than sericites The latter
occurs as knotted aggregates in the guartz-—feldspar veins,

Microscopie

Plagioclase, with quartz, sericite, garnet and bilotite
are dominant minerals., Coarse bands of even~grained quartz
xenoblasts are separated by a granular mass of finewgrained quartz
and plagioclase, with subordinate orthoclase. These layers are
separated by streaks of sericite and bilotite. Sericite occurs
both as large and small streaks, intimately essociated with
biotite, and as an alteration product of feldspars. Only relics
of orthoclase are left, but plagioclase alteration has only been
partisle Sericite, as andteration product, is very fine-grained,
and occurs as ragged flakes randomly orienteds

20=30% of the rock is quartz. Xenoblasts are variable
in size. Larger grains show undulose extinction due to strain.
Outlines are very irregular, Plagioclase has thg composition of
andesine, It is bilaxiasl, negative, with 2V = 85 s Multiple
twinning is coarse, and sharply defined.

The larger garnet crystalloblasts have altered slightly
to biotite and chlorite. Biotite is itself changing somewhat
to chlorite, QGarnets are characteristically fragmented and
disseminated. Compared with earlier thin sections of this suite,
biotite, and chlorite content has decreased.,

Acceesory minerals are megnetite and zircoms The
former is often associated with blotite flakes,



Figure 25 = Sericite, biotite gneiss,

The photograph X70, A139/45, shows an alteration
of folia of biotite-~sericite and quartz, A preferred
orientation of micas is very noticeable,



Specimen A139/46

Field Name

Feldspar, biotite gneiss,

Location
D.De hole E2, Delprat, 679°'
Macroecopic

The rock has a speckled appearance, with a very
coarse banding, Feldspar, quartz, blotite and sericite are
dominant minerals, Structure is particularly hard to describes
Irregular grains of feldspar, in masses up to " wide are bordered
by knots of biotite and sericite., Feldspathisation has been
very irregular, Layers of finer-grained gneissic material,
dominantly biotite, sericite and quartz~feldspar are separated from
the coarse-grained material by thin bands of green~black biotite,
Chlorite may be present, but is not abundente. Garnet is apparently
absent,

Microscopio

This is a coarsely~banded sericite, biotite, feldspar
gneiss. Streaks of sericite, sometimes consisting of quite large
flakes, together with oriented brown biotite crystals are set in a
matrix of elongated quartz and plagioclase. Myrmekitie intergrowth
between quartz and plagioclase is common. An unusually lerge
percentage of the slide is myrmekite.

Quartz sbounds, to the extent of 50% of the thin section.
Grains are usually xenoblastic, or as intergrowths with plagioclase.
The latter is also xenoblastic, grains commonly slightly larger
than neighbouring gquertsz crystals, Multiple twinning is not sharp,
The mineral is andesine, It is biaxisl, negative, and has a
high 2V,

Biotite content has increased compared with previous
slides, Sericite has decreaseds, Chlorite is not abundant, but
a few rare flakes were observed, Sericite flakes are often quite
large, and in some cases cut across the foliation.

No garnet is present, and accessory minerals are hard
to find. Magnetite is the only one of lmportance.



Specimen No. A139/47
Field Name

Feldepathic garnet, biotite gneiss,

Location
e

D.D, hole E2, Delprat 678!

gacroscopic

This is a rock rich in biotite, but with a poer
foliation because of a rather granulose matrix of quartz and
feldspar. Pegmatitic veining, in which large garnets have
grown, parallels'.thé schistosity planes, Garnet (almandine) is
not abundant, but those present are very large, Sericite is
subordinate to biotite, and no chlorite is vieible in the hand
specimen. Grain size overall is small, apart from the coarser
feldspar-~quartz-garnet velns,

Microscopic

The rock is & biotite, plagioclase gneise, with
abundant quartz-feldspar veining. Large garnets, nearly +" in
diameter occur in the feldspathic vein material., Sericite is
nearly absent, and an abnormal development of biotite occurs
as knotted masses, Plagioclase forms intimate intergrowths with
quartz (myrmekite), but large porphyroblasts are also present,
Other crystals frequently contain inclusions of rounded guartz
grains and ragged wisps of brown biotite. The composition is
that of andesine, with a meximum extinction angle of + 189,
normal to 010, Optic sign varies, but 2V is very high.

Chlorite and magnetite are not plentiful; chlorite
appearing only as occasional scattered flakes with slight
.Pleochroiem from colourless to green., A feature of the chlorite
is the purple interference colours, consistent in all slides in
which the mineral has occurred,.

Garnets, only large porphyroblaste, are rare, Seritisae
tion has been slight, and chlorite, biotite are aleso alteration
products, Biotite rimming in a rock very rich in bilotite is
absent,



Specimen No. Alég[hB
Field Name

Biotite=rich amphibolite,

Location
D.Ds hole E2, Delprat 677!
Macroscopic

A schistose rock consisting meinly of fine-grained
biotite, feldspar, quartz, garnet and hornblende. Feldspar
veining 1s lees apparent, and layers are fairly thin.

Microscopic

This rock is a biotite, hornblende, quartz schist.
It probably represents the onset ef amphibolite development,
Feldspar is deficient, and g arnets are small and of the order
1/16" in diemeter., Biotite is strongly pleochroic from yellow
to brown, and flakes are oriented to impart on the rock a
coarse foliations Hornblende occurse as small idioblasts of
high relief and exhibits a strongly blue-green to yellow-green
Pleochroism., However it is relatively rares

Magnetite and zircon are the main accessories,
However both pyrite and galena also appear.

0f course the main differnece between 48 and earlier
slides lies in an increased biotite content, in deficiency of
feldspar, and the first appearance of hornblende,



TRANSITION FROM SERICITE SCHIST TO AMPHIBOLITE

Thin Section Description
A139/59 sericite schipts
Al139/60 feldspathic sericite schist.
A139/61 biotite, sericite schiste.
A139/62 fine-grained amphibolites
A139/63 coarse~grained amphibolite.

The contect between sericite schist and coarse,
meesive amphibolite was studied microscopically. The sericite
schist is fine-grained and coneists largely of white mica and
quartz., The biotite content of this suite increases greadually,
but most of the iron becomes incorporated in dark green hornblende
in the upper members, The amphibolite in this case is granulose,
with no apparent banding in A139/63. Al139/62 contains streaks
of guite material (quartz and feldspars), but the banding
is very irregular and disconnected. The suite was of significance
in that sericitsation could be studied in contact with a complete~
1y unaltered amphibolite,.



Specimen No. Al39/59

Field Name

Sericite schist,

Location
D.Ds hole 832, North Broken Hill Ltd., core, 240!
Macroscopic

Thie is a banded rock consisting of quartz and
feldspar layers between folia of sericite, and to a lesser
extent, biotite. Cleavages along planes of foliation show
these micaceous layers. The rock has & silky sheen in the
hand specimen, Oriented sericite is speckled with small
aggregates of biotite and pabches of quartz and feldspar. No
garnets are visible in the feldspathic portions, but stretched~
out pink almandine crystals occur between folia of sericite
and biotite. These are not at all obvious,.

Microscopic

The rock coneistis of a granoblasstic matrix of quartsz,
orthoclase (rare), and plagioclase, Streake of sericite, with
a strong preferred orientation, impart a foliation to the rock.
Important minerals present are quartz, sericite, plagioclase,
and blotite, with a minor occurrence of orthoelase, magnetite
and zircon. All of the chief components are xenoblastice
Quartz grains are small; 1less than 0.5 mms wlide, At least 50%
of the rock is guartz, These crystals contain numerous inclus-
ions, Boundaries are irregular but sharp and non-sericitised,

Plegioclase xenoblasts exhiblt multiple twinning,
This is fairly coarse, but not always sharp. Grains are very
clear and perfectly fresh, The composition is Ab-An;, that of
oligoclase, 5% of the rock is plagioclase, Orchcl se is
fairly rare, and only a few grains were positively identified
as such, Other feldspars, such as microcline, do not occurs

Sericite is sbundant as smell flakes of medium relief
showing preferred orientation about 30% of the rock consists
of this mineral., The smaller flakes are guite well-~formed, but
larger ones tend to be ragged. Biotite is less abundant, and
is of a yellow-brown colour, with no reddish tinge. It is
strongly pleochroie, and often associated with smell crystals
of magnetite and ilmenites

Zircon 1s accessory, but grains are easily determined.
They are very small, and usually elongated and rounded at the
corners and edgee,



Specimen No. Al139/60
Field Name
Sericite schist, rather feldspathic

Locatien
De. Ds hole 831, North Broken Hill core, 240!

Macrosconig

This is a strongly banded rock, which could be satisfac-
torily classified as a sericite, biotite, feldspar gneiss, Folia
of closely associated sericite and biotite are sandwiched between
layers of feldspar and quartz, These often contain large grains
of quartz which have been elongated along the schistosity planes,
The layers of esalics are in many cases extremely contorted,
resembling ptymatic folding on a very minor scale, Schisty
sericite layers parallel these white streaks, Garnet is again
present as sheared-out, gericitised and fragmented aggregates,
The pink colour 1is masked to some extent by sericitisation. Blue
quartz gralins suggest some connection with the lode,

Microsecopigc

Mineralogy and texturee resemble those of 4139/59, with
a Tew exceptions. Banding and distinct layering is more noticeable,
This was evident from the hand specimen., Biotite content has
inereased slightly. This also appllies to plagioclase and garnet,
Quartz grains are larger and show undulose extinction in some
instances, The rock has been subject to stress,



Specimen No. Al 6

Field Name
Biotite, sericite schist,

Lecation
DeDe hole 832, North Mine core, 240°

anreseogig

Hormblende and biotite are the dominant minerals
in this schist, Quarts, orthoclase, sericite and subordinate
pink almandine are also noteworthy., The structure is schistose,
with folia of biotite and prisme of hornblende lying along
planes of schistosity. Sericite is not abundant, and does not
econtribute greatly to the bandinge Quartzose layers are not
numerous, These have a light pink colour especially noticeable
when wet, and resemble garnet sandstone in minature. The
gargetifereus nature was verified by an examination of the thinm
section,

Microscopic

The rock still retains a strong foliation, but
sericite is practically absent., The main minerals present are
biotite, hornblende, guartz, garnet, orthoclase and plagioclase.
Hornblende is elongated in the plane of foliation, long axes
paralleling cleavages of biotite, which likewise shows a powere
ful preferred orientation, These minerale are always internately
associated, and biotite appears te be altering to hornblende,
Aggregates of pink almandine form long streaks along the plane
of schistosity. These crystals are associated with polygonal
plates of guartz and an occasional xencblast of plagioclase,
They are very esmall, and often perfectly idioblastic. KNe
alteration is apparent, and inclusions are absent,

Larger hornblende crystals contain small irclusions
of zircon, with surrounding pleochroic haloes, Fleochroism is
very strong, from yellowish brown to bluish green as exiremes,
Bornblende is intimately associated with blotite and small
graine of magnetite, Biotite is brown, with ne reddish tint,
and has partislly altered te hornblende,

Plagioclase is rare, but an occasional large xenoblast
occurs., It shows multiple twinning on the albite law, This is
fairly coarse and f requently sharp. The composition is olige=-
clase, and it is biwaxial, negative and has a high 2V. Ko
alteration is apparent and grain outlines between plagioclase
and guartz are sharp. Orthoclase grains contain small inclusions
of indeterminate nature, However, alteration has not occurred
to any extent. This feldspar is present to the same proportions
as plagioclase,

Magnetite and pyrite are fairly sbundant; the former
more g0 than the latter, Magnetite forms small aggregates and
individual grains showing no crystal outlines, Pyrite is
usually crystalline. Zircon is a constant accessory, and
apatite somewhat rarers



Figure 26 - Biotite, sericite schist,

The photograph X70 shows aggregates of idloblastiec
garnets which occur as long seams parallel to the

plane of schistosity. The darker mineral is biotite
and the lighter mainly quartz, The specimen is A139/61,



Specimen No. Al139/62
Field Name

Fine~grained amphibolite
Location

D.D, hole 832, North Mine core, 240!

Hacroscopig

The mineralogy appears to be relativély simple,
Hornblende predominates, but there are streaks of white gquartz-
feldspar which suggest a retention of a relicet bedding. No
biotite 1s present, and garnet, if it does occur, is teo fine«
grained to be visible to the naked eye, Directional texture is
8till of some importance,

Microscopis

The amphibolite is composed of hornblende (perhaps 70%),
guartz, magnetite, and subordinate orthoclase., FPlagioclase
xenoblaste are rare, as are small garnets. Zircon is remarkably
abundant for an accessory. The rock shows an obvious lineation
in thin section, with aligned elongate xenoblasts of hornblende
and thin lenses of gquartg and minor feldspar,

Hornblende is pleochroic in browns, blues and bluish-
green, Large and small zircons are present as inclusions, often
ringed with pleochroic haloes, Biotite is nearly absent, and
garnete, usually idioblastic, are likewise guite rare.

10-15% of the rock is quartz, Crystalloblaste are
equidimensional (normally % mm or less), but have irregular
outlines, Fragments of hornblende, magnetlite and feldspar are
included in the larger grains,

Magnetite, usually associated with hornblende, is
common as lensy masses, Zircon is also accessory.



Specimen No. A139/6
Field Name
Coarse-grained amphibolite,

Location
D.De hole 832, North }ine ore, 240"

Macroscopie

Hornblende and feldspar are dominant mineral species,
Both are coarse-grained, hornblende crystals often s everal mms
in width, Thet exture is granoblastic, with no evidence of
directional texture,

Microscopie

The amphibolite consists largely of plagioclase and
hornblende, The grain size has increased considerably, and
plagioclase becomes very abundant, quartz being deficient,
These grains are usually zenoblastic, and the structure is
granulose,

Magnetite is common both as minute inclusions in the
hornblende and as larger masses. It frequently fills irreguler
fissures and cracks between and through other mineral grains,
No garnet occurss

Plagioclase is coarsely~iwinned and has the composition
of oligeclase& The maximum extinction angle in Bectisns normal
to 010 is +15°, It is biaxisl, negative, and 2V = 85, This
is the dominant feldspar, and 30«40% of the elide is plagioclase,

Hornblende, strongly pleochroic, is very abundant,
and 55~60% is thie mineral, Brown cones, indicative of a
different composition, are common, Pleochroic haloes surround
grains of included zircon., Apatite, particularly abundant, is
of larger grain size than is usual for this accessory.



Figure 27 « Amphibolite,

Photograph X70 of A139/63 shows coarsely
erystalline plagioclase and hornblende with
accessory rounded apatite and scattered magnetite,



6. _GRADATION FROM SILLIMANITE GNEISS To
SERICITE SCHIST

Thin Section Description
A139/100 garnet - gillimanite gneiss
A139/71 garnet « gillimanite - sericite

schist,
A139/72 garnet - sillimanite « biotite =
gericite gneiss,

A139/73 garnet - sericite schist,
A139/41 sericite echist,

This suite is a transition from sillimanite gneiss,
with abundant almandine garnet, to sericite schist, It
represents a sericitisation of sillimanite gneiss by a steady
"making over" of essential minerals to sericite, biotite, and
subsidiary chlorite., Thus sillimanite, feldspars and guartz have
been rimmed by fine flakes of sericite, and the femic minerals
like garnet and bliotite have altered to chlorite, sericite and
biotite, These changes are apparent from the following slide
descriptions.



Specimen No, Al 100
Field Name
Garnet, biotite, sillimanite gneiss,

Location
D.De hole 738, Zinc Corporation Ltd., core, 530'

Macroscopis

A soft gneiss compored of smsll flakes of black
biotite, needle-like sillimanite, and pink elongated almsndine
garnets, Folliation is strongly developed, with parallel folia
of biotite separated by thin streaks of sillimanite, quartsz
and minor feldspar. These layers are definite enough for the
rock to be called a gneiss and not schist, The garnets are
small, commonly 1/16" in dismeter, and very abundant, They are
somewhat stretchedwout in the plane of foliatione

Microscopie

Thie is a coarsely crystalline rock composed of
characteristic conspicuous garneis, bladed sillimanite, quartz,
biotite and orthoclases Long prisms of sillimanite and ragged
flakes of biotite lie alcng the planes of schistositys Pink
almandine garncts are elongated slong the schistosity., These
are commonly 1/16" in diameter, but may be as large as ".
Layers of quartz and feldspar are poorly defined, and the rock
may be called a schist, in the true sense of the word, Magnetite
erystals are embedded in layer plates of biotites Also in the
blotite are found tiny zircons, characteristically rounded,
and surrounded by pleochroic haloes. Chlorite is probably
retrograde, as an alteration of biotite and garnet,

Quartz is not over-abundant, and the main bulk of the
rock is composed of sillimanite, blotite and garnet, Most quartig
crystals are crowded with incluelons., Outlines are very irregular
and often poorly defined. Perhaps 5~10% of the rock is quartz.

gGarnets are of the almandine variety., They are very
numerous, and appear as large pink porphyroblaste set between
folia of biotite, Long sillimanite blades have been pushed
aside by garnets, and are wrapped around the latter., Alteration
is evident, but not at all pronounced, Chlorite, light green
snd slightly pleochrole, is fairly common, Also, blotite is
another product of this nature, The garnets contain myriads of
fine sillimanite lnclusione; qguartz, biotite and orthoclase
have also been included.

Feldspar are slightly sericitised, and as a result,
somewhat cloud¥., Orthoclase ls the only one of importance,
although a few grains of plagioclase occur, The latter shows
no multiple twinning but optical properties suggest that it is
rather sodic, in the oligoclase range, However, the potash
feldspar is the dominant one, Less than 5% of the rock is
orthoclase, No other feldsparse were determined,

Accessory minerals are zircon, chlorite, magnetite anmd
apatite, Magnetite is the most abundant of these, Small zircoms
are of the same relief as fragments of sillimanite, but the
birefringence is considerably higher. Chlorite ies an alteration
of the blotite, rather than garnet, It is comparatively rare,
Apatite is quite rare, A few well-formed crystals of characteris~
tic outlline and relief were found,



Specimen No. Al
FPield Name

Garnet - sillimanite - sericite schist,
Location

D.D. hole 813, North Mine core, 220!

Macroscopic

The schist consists largely of layers of biotite,
gsericite and sillimanite and alternate siliceous bands, Garnets
(often 1" wide) are abundant.

Microscopie

The rock is a garnetebiotite-sericite~sillimanite
schist, with subordinate magnetite and plagioclase, A
pronounced schistosity has been imparted by directed growth
of sericite and biotite flakes along foliation planes, and an
alignment of long prisms of eillimanite. Quartz crystallo=
blasts occur as definite layers or seams, with individuals
slightly elongated in the plame of schistosity. Several
crystals of quartz show undulose extlinction,

Sillimanite needles have altered to finewgrained
sericite., However, the alteration is apparently restricted to
this mineral, Large garnet porphyroblasts contain numerous
inclusions of xenomorphic quartz and blotite, but are only
partially altered at the edges to chlorite and sericite of
some interest is the poikileblastic fabric of garnet and
sillimanite., Minute idioblasts of the latter have b een
Ygaught up" in the larger, faster growing garnets. A rough
alignment of these needles 1s still evident, paralleling
the general foliations

Feldepars are nearly entirely absent, apart
from a minor occurrence of plagioclase remnants. These have
been at most entirely sericitised. They are untwinned or
show only a faint semblance to twinning. The composition
was not determined,

Magnetite was the only accessory mineral determined,
It is generally associeted with dark brown biotite as small
blebe of irregular shapes



Specimen Nb, Al 2
Field Name

Garnét~sillimanite~blotite~gsericite gneiss,
Location

D.D, hole 813, North Mine core, 230!

Macroscopie

The rock ies rather gneissie, with distinet banding
due to layers of quartz and sericite, Large garnets are
extremely fragmented,

Miewscopile

The rock consists chiefly of quartz, plagioclase,
biotite, sericite and garnet, with subordinate sillimanite and
orthoclase., Zircon and apatite are accessories, Il is more
granulose than previous thins ections, and sericite - formation
is not 80 strongly evident, The grain size is slightly smaller
and garnets are rather fragmented, rather than granular and
rounded. There is practically no marginal alteration te biotite,

Biotite is deficient and plagioclase more abundant
in this rocke The feldspar is xencoblastic and showe good
maltiple twinninge With xenoblastie guartz and sericite
grains it forms a poikiloblastic implication fabrie, The
composition is Ab An.e It is8 andesine, in the more calcic
range, Other relaspérs are rare, Orthoclase occurs only as
relice -~ largely altered to wisps of sericite,

The rock is more siliceous than previeus rocks of
thie suite. Grains of quartz are irregular in outline and
often rimmed with sericite as though late reaction between
active fluids and pre~formed guartz crystallcblasts had occurred,
Many quartz grains show strain shadows and are elongated along
planes of foliation, Small inclusions of quartz (not in optical
continuity), feldspar and sericite are common., Average grain
size for quartz xenoblasts is 0.5 nms,

The rock contains gulte & strong development of
sericite without producing any powerful foliation., The flakes
are very tiny and unoriented in the plane of foliations It is
obvious that orthoclase has been converted almost entirely
to sericite, the mass retaining the shape of the larger
Teldspar crystalse

~ Only a few isolated needles of sillimanite are preesent,
Alteration to sericite has been nearly Gomplete,

Accessory minersls are hard to find. Apatite occurs
as a few large crystals of high relief, Zircon is restricted
to isolated rounded grains in larger biotite flakes, They are
marked by pleochroic haloes,



Specimen Noe A139/73
Field Name

Garnet, sericite schist,
Locatlon

D,D, hole 813, North mine core, 235!

Macroscopic

A schistose rock consisting largely of sericite,
quartz and garnet. Garnets are pink almandine, and character-
istically sheared out in the plane of schistosity.

Microscopie

This is a quartsz—sericite schist, Foliation is
gtrongly developed, and is largely due to oriented flakes of
gericite. Quartz is the dominant mineral, with subordinate
biotie and sericite, Segregations of magnetite are aligned,
parallel to the schistosity. No feldspar is present.

Quartz grains are minute (0.5 mm or lese). They
are xenoblastic and elongated along foliation planes, Undulose
extinetion 1s characteristic of many grainss

Garnet is present as large sheared-~out porphyroblasts,
It is the variety almendine, and is largely altered to biotite.

Accessory minerals are zircon and apatite,



Specimen No. Al
Field Name

Sericite schiste
Location

D.D. hole E2, Delprat, 712°'

Macroscopic

A highly schistose rock composed of fine-grained
sericite interlayered with sheets of quartz-feldspar, Biotite
is also present, although not to the same extent as sericite.
Again, the flakes are very small, Pink garnets, probably
almandine, are disseminated between planes of schistosity, These
are somewhat elongate, and usually fragmented with irregular
outlines, Grain diameters vary, but the maximum would be less
than §", with most about 1/16", Quartz and feldspar layers are
contorted, and the structure is suggestive of ptygmatic foldinge
An estimate of the percentage quartz is difficult, but it would
be fairly low - perhazps 30%. No large grains occur, The same
applies to feldspar,

Microscopie

The rock is a sericite, garnet, quartz, with a
consplcuous foliation mainly due to aligned flakes of finee
grained muscovite (sericite) and subordinate biotite. Quarts
xenoblaste are characteristically elongated or sheared-out along
the plane of foliation. A fine layering is apparent, with
streaks of interlocked sericite flakes separated by trains of
polygonal guartz grains. Large almandine porphyroblastis are
abundent, These have altered marginally to biotite, and a mineor
development of small blebe of magnetite, closely associated with
the biotite, Magnetite is an abundant constituent throughout;
also, small segregations may occur, Fine elongated splinters
follow the trend of micase

Feldspars are of little importance, Plagioclase is
regent as xenoblasts of about the same size as the quarts
?2 mm commonly)s It ie a rare constituent. Grains are unaltered
and coarsely twinned, Twinning, however, is not at all clear.
The composition is that of andesine, Orthoclase is entirely
absent, and no potash feldspar of any nature was determined. All
of the potash of the rock is held by sericite and blotite,

Quartz grains are of irregular shape, usually elongated
or flattened, Inclusions, too small to be determined, are
plentiful in some areas, but not consistently present. Overall
grain size is small, but most graine are 0,2 mms widey, with
larger ones less abundant,

Garnets may be several mms wide, These comain inclusions
of guartz grains, swept into the nucleus during rapid growth,
Alteration hae occurred, but is not intense. Segregations of small
garnets along schistosity planes are common. These minute grains,
frequently disconnected, are completely fresh and unaltered,

Biotite flakes are small, and strongly pleochroic from
yellow to brown, They are of the same dimensions as flakes of
serieite, the dominant species of this schist, Preferred
orientation is pronounced. Zircon inclusions are very small, but
high relief and strong birefringence provide an easy basis for
recognition, Chlorite, showing anomalous interference coloure is
an agsociated of biotite, probaebly as a retrograde alteration of
the latter,



ZRANSTTION FROM POTOSI GNEISS TO SILLIMANITE GNEISS

Thin Section

A139/100

A139/101
Al139/102

A139/103
A139/104

Description

garnet, blotite, sillimanite gneiss
slliceous garnet, biotite gneiss

siliceous sillimanite, biotite, garnet
gneiss,

feldspathic garnet, biotite gneiss

garnet, plagioclase granulite,



Garnet, biotite, sillimanite gneiss is often intimately
associated with Potosi Gneiss, and it was thought that the
Potosi~llke gneisses may have b een the result of spasmodic
pegmatisation of sillimanite gneiss horizons., Boundaries between
the two gneisses are indistincet eand gradational, and the follow
ing thin sections represent stages of what was considered to be
e "making over! of the sillimanite gneiss into the more feldspathiec
Potosi Gneiss, Hand specimens of diamond drill core bring out the
following points:ie

l. Quartz and feldsepar increase steadily, until a maximum is
reached in the Potosl Gneiss,

2, Sillimanite steadily decreases,
3¢ Garnets become larger as the rock becomes more feldspathic,

4, The biotite content is fairly constant throughout., §Slides
A139/100, 101, 102, 103 and 104 are typical of such a
gradations A139/100 is the ususl garnet, sillimanite, biotite
gneise, composed largely of black biotite and leng needles
of sillimanite, visible in the handspecimen, Garnets are
emall, poorly-~formed, but very abundant, and feldspar and
quartz are not plentiful. Both 101 and 102 show a noticeable
increase in silica, but sillimanite streaks are still
prominent. These have changed partially to sericite, again
observable in the hand specimen, 103 shows & considerable

increase in both slilica and feldspar, and a decrease in
biotite and sillimanite, Garnets are still rather shapeless,
but much larger in diameter, The rock is not what might be
called a typical Potosi Gneiss because it still retains a
coarse gneissose structure made more apparent by streaks of
sericite, probably as an alteration of sillimanite, 104 is
Potosi Gneiss proper. It is a feldspathic garnet, biotite
gneies, with large pink granular garnets rimmed with black
bilotites Sillimanite is rare, and not apparent in the hand
specimen,

The suite A139/15, 16, 17, 18 and 20 has alsoc been
included in this section. It illustiratee a similar transition,
with the exception that A139/20 is a sillimsnite, biotite
gneliss with no garnet.

Thege two suites both show a very good gradation between
the above-mentioned rock typess



Specimen No. Al 00
Field Name

Garnet, blotite, sillimanite gneiss.

Location
D.De hole 738, Zine Corporation Ltd., core, 530

Macroscopic

A eoft gneiss composed of small flakes of black bliotite,
needle-like sillimanite, and pink elongated almandine garnets,
Foliation is strongly developed, with parallel folia of biotite
separated by thin streaks of sillimanite, guartz and minor
feldspar. These layers are definite enough for the rock to be
called a gneiss and not schist., The garnets are emall, commonly
1/16" in dismeter, and very abundant., They are somewhat stretched-
out in the plane of follation,

Microscopic

This is a coarsely crystalline rock composed of
characteristic conspicuous garnets, bladed silliamnite, quarts,
biotite and orthoclase. Long priems of sillimanite and ragged
flakes of biotite lie along the planes of schistosity. Pink
slmandine garnets are elongated along the schistosity, These
are commonly 1/16" in diameter, but may be as large as {'. Layers
of quartz and feldspar are poorly defined, and the rock may be
called a schist, in the true sense of the word. Magnetite crystals
are embedded in larger plates of biotite, Also in the biotite are
found tiny zircons, characteristically rounded, and surrounded by
pleochroic haloes, Chlorite is probably retrograde, as an asltera-
tion of biotite and garnet,

Quartz 1s not over~abundant, and the main bulk of the
rock is composed of sillimanite, biotite and garnet, Most quartz
erystals are crowded with inclusions. Outlines are very irregular
and often poorly defined. Perhaps 5«10% of the rock is quartsz,

Garnets are of the almandine variety. They are very
numerous and appears as large pink porphyroblasts set between folia
of biotite, ILong sillimanite blades have been pushed aside by
garnets, and are wrapped around the latter, Alteration is evident,
but not at sll pronounced, Chlorite, light green and slightly
pleochroic, is fairly common., Aleo, biotite is another product
of this pature. Theg arnets contain myriaeds of fine sillimanite
inclusions; quartz, biotite and orthoclase have also been included,

Feldspar are slightly sericlitised, and as a result,
somewhat cloudly. Orthoclase is the only one of importance,
although a few grains of plagioclase occure The latter shows ne
multiple twinning but optical properties suggest that it is
rather sodiec, in the oligoclase range, However, the potash
feldspar is the dominant one., Less than 5% of the rock is orthoclase,
No other feldspars were determined,

Accessory minerals are zircon, chlorite, magnetite
and apatite. Magnetite is the most abundant of these, B5mall zircons
are of the same relief as fragments of sillimanite, but the
birefringence is considerably higher. Chlorite is an alteration
of the biotite, rather than garnet. It is comparatively rare.
Apatite is quite rare, A few well-formed crystals of characteristic,
outline and relief were found



Specimen No, Aléﬁ[;@l

Fleld Name

8iliceous garnet, biotite gneiss.

Location

D.D, hole 738, Zinec Corp. Ltd., 530"
Macroscopig

The rock contains orthoclase, quarts, garnet and bilotite,
with subordinate sillimanite, 8iructure is coarsely gneissic,
although bands of biotite folla are widely spaced, Garnets are
poorly-formed and appesr to have altered partially to biotite.
They are numerous, and of small grain diameter (approximately 1/16"),
Quartz hes a bluishwgrey tinge, but there are few large grains
present, Fine bands of quartz and feldspars are separated by
biotite streaks, A polished rock face indicates that this rock
hae been severely sericitised, This mineral has undoubtedly
replaced silliamnite threads, but also occurs around other mineral
grains such as guartz and feldspar,

Microscopic

The main constituent minerals are sillimanite, garnet,
biotite, orthoclase and guartz. Plagioclase crystals are poorly
twinned and, in any case, fairly rare. Megnetite, sericite,
zirecon and apatite are also noteworthy. The structure is
gneissose, and bands of blotite and sillimanite are separated by
lenticles of guartz and orthoclase, Sericitisation ies notably
weak, with but a minor development outlining quartz and feldspar
graine, Sillimanite does not appear to be altering to sericite,

Quartz grains are irregular in shape, and contain minute
ineclusions, These inclusions are small flakes of biotite and
sericite, needles of sillimanite, crystals of zircon, and fragments
of quartz grains not in optical continuity with the enclosing
orystal, Often the larger quartz xenoblaste are cracked and
exhibit undulose extinction. Elongation in the plane of follation
is well-marked, Perhaps 25-30% of the rock is quartz,

8illimanite is very abundant, and occurs as fine
idioblasts of high relief, A strongly developed preferred
orientation is apparent, parallel to biotite flakes, and intimately
associated with these, Sillimenite is unaltered, Smaller needles
are found as inclusions in large garnet porphyroblasts, and in
quartz grains, 20% of the thin section would be sillimanite,

Orthoclase xenoblagts are more abundant than plagioclase,
The former mineral has altered glightly to sericite at the edges
and slong cracks and cleavages., 5-10% of the rock is feldspars
Yo microecline coccurs, Almandine garnets are often 2 mms in
diemeter, Sectione are rather poorly~formed and somewhat fractured.
Thege £ ractures are filled with biotite amd chlorite, and less
commonly with sericite, as alteration products of the garnet,
Inclusions of rounded quartz grains and of minute flakes of mica and
needles of sillimanite are plentiful,

: Fine magnetite particles rim the larger flakes of biotite,
Magnetite masses are feairly irregular in crystal form but they are
not abundant in the matrix, Zircon, apatite, and chlorite (mentioned
in a reference to garnet) are relatively sparse,



Specimen No. 4139/102

Field Name

Siliceous sillimanite, biotite, garnet gneiss

Location

D.De hole 738, Zinc Corp. Ltd., core, 530!

Macroscopie

The rock 18 a garnet, blotite gneiss with a well-
developed gneissic structure. Quartz is sbundant, and is of a
translucent blue colour. The siliceous nature of the rock is
spparent, with but a minor amount of feldspar present, Sericitie-
sation is widespread, and long streaks, possibly containing
relic sillimanite needles occur throughout, Garnets are small,
usually 1/16" in diasmeter, and are characteristiclly elongated
in the plane of foliation. Biotite is fairly abundant, and
appears as thin folia, imparting a banded appearance on the rocke
No sulphides were detected in the hand specimen,

Microscopic

The gneiss is composed of quartz, sericite, garnet,
biotite and sillimanite, with subordinate orthoclase, A
strong directional texture is appsrent, with long streaks of
wispy sericite discernible even in the hand specimen. Flates
of dark brown blotite and long prisms of sillimanite show a
preferred orientation., Small almandine garnets of irregular
outline are gquite numerous. These have been slightly altered
to the micas, biotite and sericite and to chlorite., Feldspars
are rare, and sericitisation has been extensive, with decomposi
tion of orthoclase to sericite. Relics of orthoclase have
been examined, but sillimanite has also altered partially.

Inclusione of quartz, flakes of biotite, and minute
wisps of sericite are common in the larger almandine porphyro-
blaste, These are usually about 2 mms in diameter, but may be
slightly larger.

Biotite ie plentiful, and is a dark brown, strongly
pleochroic variety, frequently containing small blebs of magnetite,
Zircon is.a common associate, and is ringed by characteristic
Pleochroic haloes,

Quartz grains are often specked by small inclusions
and have very irregular grain outlines, accentuated by sericite
rimming, The latter is fine-grained, Individual flakes are
ragged and apparently randomly oriented, At least 30% of the
slide is sericite, with 20% quartiz.

Zircon and magnetite are minerals of lesser importances



Specimen Noe. Al 0
Field Name

Feldspathic garnet, biotite gneisse
Location

D.D. hole 738, Zinc Corpe. Ltd., core, 530',

Macroscople

This is a coarser—grained pegmatitic gneiss with
abundant gquartz, feldspar and garnet, and subordinate biotite.
The guartz is distinctly blue, more so than is the case with
101 and 102, It is also of much coarser grain size. Feldspar is
abundant, and aggregates of sericite. suggest some alteration,
Garnets ard large, and have changed to biotite, and possibly
gericite., They are very irregular in shape, a nd usually about
4" in diemeter, with larger ones reaching i". Biotite and
gillimanite are not abundant, with the latter probably largely
altered to sericites

Microscopig

The rock is composed lergely of quartz, orthoclase,
garnet, biotite and serieite, and has a roughly gneissose
structure, Greain size is fairly coarse, with gquartz grains
often several mms wide, and pink almandine garnets often " in
diameter, Sillimanite is not present at alles Sericitisation
is rather intense, and orthoclase, in particular, has changed
almost completely to sericite, In accordance with the increased
overall grain size, the sericite has appeared to "merge", forming
larger flakes surrounded by smaller ones,

Garnets are numerous., These have very irregular
outlines and contain many quartz grain inclusions. Alteration to
biotite has occurred, but is not everywhere pronounced,

Biotite flakes are large in most cases, but aggregabes
of smaller plates also occur. It is pleochroic from yellow brown
to dark brown, with no reddish~brown tinge., Zircon is a common
inclusions, Magnetite, fairly rare, 1s also associated with biotite,

Quertz crystals are xenoblastice The outlines are
often marked by sericite streaks. Small inclusions are plentiful,
In some places a pecullar texture has developed, where quartz
of varying orientation seems 1o act as a cement between large
guartz grains. 30=35% of the rock is quarts.



TRANSITION FROM GARNET, PLAGIOCLASE
GRANULITE TO SILLIMANITE GNEISS,

Thin Section Description
A139/15 garnet, feldsper, quartz granulite
A139/16 slliceous garnet, feldspar granulite
Al39/17 Potosl gneiss,
A139/18 sericitised biotite granulite.
A139/20 sillimanite, biotite, sericite, gneiss,

The only variation in this suite ies that of the
gillimanite gneiss, which is garnet-deficient, All inter-
mediates between garnet~sillimenite gmeiss (with abundant
garnet) and biotite-sillimanite gneise (with no garnet)
heve been examined at Broken Hill., Al139/20 is a rock
containing no garnet. This grades into Potosi Gneiss "C"
(A139/15), and the above suite represents "stages" in the
transeition, The contact is not sharp, but is marked by
feldspar~quartz-garnet veining (see A139/64 in next section)
suggestive of an intense feldspathisation or pegmatisation
of the sillimanite gneiss, Sericitisation both of Potosl
Gneiss and sillimanite gneiss is pronounced, although more
extensive within the sillimenite gneiss. 8Sillimanite and
orthoclase (in Potosi®(C") has partially altered to sericite,



Specimen No. A139/15

Field Name

garnet, feldspar, guartz granulite,

Locality
D.Ds hole 805, Delprat cross-section 1029t

Macroscopie

A silicious garnet granulite with a poorly-defined
foliation imparted by aligned flakes of blotite, Garnets are
rounded and generally unaltered, although a polished surface
reveals some sericitisation at the edges. Blue guartz is
abundant, but there are no traces of mineralisation, Peldspars
have b een sericitised,

Microscopic

A quartz, orthoclase, garnet, biotite gneiss which
possessers a faint directional texture., Long streaks of
sericite and small, ragged flakes of blotite are set in a
granoblastic matrix of guartz and minor feldspar. Plagi oclase
is rare, but several finely=twinned xenoblasts are present,
Garnets are small, usually 1/16" in diameter, and slightly
altered to biotite and sericite, Sericitisation is intense, and
all feldspars show signs of alteration. Several large inclusions
of sericite are present within plagioclase grains.

Biotite is not abundant, and most flakes are small,
Inclusions of magnetite are common. Biotite is a strongly
plecchroic from light brown to dark brown, with no reddish tinge.

Plagioclase is biaxial, positive, and has & high 2V,
The maximum extinction angle normal to 010 is 30", It is
labradorite, Ab5An5. 5% or lesa, of this rock is plagioclase.
Orthoclase is more“abundant, but the rock as & whole 1s very
silicious, and feldspars are subordinate in amount.

Well-rounded crystals of zircon, and small colourless
apatite plates are rare. Magnetite (or ilmenite) is also
accessorys

Grain size is very variable, but more guartz crystals
average % mm in diameter. Large porphyroblasts also occurs



Specimen NoOe A132(;6
Fleld Name

Silicious garnet, feldspar granulite,
Location

D.D. hole 805, Delprat cross-section, 1054'

Macroscogic

Thie rock is very similar to A139/15, with the possible
difference lying in degree of sericitisation. Long streaks of
sericite parallel the faint directional texture caused by
aligned biotite., A fresh surface shows sugary patches, which
probebly represent partially altered feldspars,

Mieroscopic

The mineralogy is essentially the same as A139/15,
but a few points are worthy of mention.

Sericitisation is pronounced, feldspars having altered
almost completely to sericite, Interstices of gquartz fractures
in large garnet porphyroblasts have been filled by sericite
flakes,

Biotite occurs as aggregates of small flakes rather
than as large individual plates. Pleochroiem is strong, from
light yellow brown to dark brown.

Grain size is varieble, but the rock is largely
fine-grained. Larger quartz xenoblasts show signs of s irainm, with
unduloee extinction. Garnets are normally 3" in diameter, and
frequently contain quartz inclusionsa

Magnetite, zircon end apatite are rare,



Specimen No. Alég(;l

Field Name

Potosi Gneise (rather poor)
Location

D.D. hole 805, Delprat core, 1078!
Macroscopie

This is a gneissic quartzite, consisting mainly
of quartz, garnet, biotite and feldspar., It is very massive
and hard, and has an uneven fracture. Quartz is the dominant
mineral, with very few large grains and an overall tendency
towards a fine-grained nature. Garnets are likewise very small,
They are associated with blotite, Sericite is spparentily
abundaent as long streaks and between guartz grains,

Microscopic

Tne rock consiste chiefly of gquartz, gernet, feldapar,
biotite and sericite, with subordinate magnetite and eccessory
apatite and zircon. The silicious matrix is granoblastic, but
aligned flakes of blotite, and streaks of sericite have
produced a faint foliation, Feldspars are fairly rare, but
both plagioclase and orthoclase are present, Garnets are small,
and altered peripherally and along fractures,

There is 1ittle difference in mineralogy between
A139/17 and the preceeding members of the series. Textures
and the relative proportions of essential minerals are of
importance, however, Biotite content has increased , and
foliation is more pronounced., Grain size is similar, but as
far as shapes are concerned, grains in 17 are noticeably
equidimensional. Quartz xenoblasts are not elongated, but
gseveral show undulose extinctions



Specimen No, A139/18
Field Name

Sericitised biotite granulite,
Locatlion

D.D. hole 805, Delprat core, 1080

Macroscopic

The rock is a slightly sericitised, biotite~rich
guartzite, Folla of biotite, and associated sericite give the
rock a well~banded appearance in certein parts. These folla
"flow" around large masses of silicbus materisl, Garnet is
abundant, but very fine-grained and irregularly distributed.
The rock is an excellent intermediate between a Potosi~like
gneiss and sillimanite gneiss,

Microscogic

The rock is a hotch-potch of small ragged flakes
of biotite and sericite, with prismatic sillimenlite, in a
matrix of porphyroblastic quartz and feldspar. These porphyro-
blaste are very irregulsr in shape, and the inclusions are
completely randomly oriented. Sillimanite abounds as long
needles of high relief, associated with wisps of sericite and
larger flakes of brown blotite. Garnets are small and dioblastic.
Slight alteration to sericite has occurred, The composition is
almandine.

Biotite flakes show a strong preferred orientation and
are often slightly altered to sericite at the edges, A fairly
abundant accessory, often, associated with biotite is magnetite.
This occurs as elongate segregations along with sillimanite,
biotite, sericite masses,

Zircon and apatite are rare.s



Flgure 28 «~ Sericitised biotite granulite.

Fine needles of sillimanite altering to sericite
are visible in this photograph of A139/18. (X70)e
Crystals of garnet, biotite, guartz and magnetite
are also obvious,



Specimen No, A1§2(20
Fisld Name

. Sillimanite, biotite, sericite gneiss,
Location

DeD. hole 805, Delprat core, 1105°*

Macroscopic

The rock consists largely of biotite, sillimanite,
sericite and quartz, Texture is gneissic, with bands of biotite
rich material separated by masses of quartz and extremely
fine-grained sericite, No garnet is present, Fractures are
not clean because of a disjointed foliation, and the rock would
be better classified as a gneiss, rather than schist, No
plagioclase or orthoclase could be seen with a hard lens,

Microscqpic

The chief minerals present are sillimanite biotite,
sericite, quartz and megnetite. Quartz grains are elongated
in the plane of schistosity. Sillimanite and biotite exhibit
strong preferred orientation, The formed also occurs as small
needles-~like inclusions in the larger quartz grains, randomly
distributed therein., Magnetite segregations are arranged
linearly in the plane of schistosity.

Only 20% of the rock is guartz grains are xenoblastic
and often elongated. Fractures are at right angles to the
long axis,

The most sbundant minerli 1is sericite, Blotite is
slightly less plentiful, as is also sillimanite. The latter
has b een peverely sericitised.

Zircon is the only accessory mineral, Grain slze
is veriable but quartz graine are commonly 3 mm wide., Biotite
flakee are much larger, often several mms, long, Sericlte
is very fine-grained, with most individual flakes only &
fraction of a mm longs



FELDSPATHIC GARNET QUARTZITE Al39/6L

This rock was represent&tive of coarse~grained pegmatitic
vein materisl which is extremely widely distributed at
Broken Hill., It often occurs at contacts of pseudo-Potosl Gneiss
and sillimanite gneiss (mentioned in the previous suite) and
is suggestive of a metasomatic feldspathisation either of
sillimenite gnelss or of some other interbedded materisl
(e.g. quartzite), The elternation, visible in the hand
specimen, of pegmatitic material, rich in almandine garnets,
with layers of feldspathic sillimanite-biotite-garnet gneiss
was studied in thin section here., Al139/64 was cut at an
angle of approximately 450 to the foliation, so that vein
material and sillimanite gneiss bande (quite thin) could be
studied in the same rock section. The description followsg



Specimen No., Al 6

Field Name

Feldsper, garnet quartzite,

Location

D,D. hole 832, North Mine, 560!
Macroscopic

“he length of core shows alterations of thinly bedded
guartzite with more biotite-=rich gneisslic material. Large pink
granular garnets are characteristic of the siliceous bands.

Very little garnet occurs in association with the biotite., The
quartzite is siliceous, but no blue quartz 1s present. Feldspar
is subordinate, garnet plentiful, and biotite absent,

Mieroscopic

Quartzite with Potosl Gneiss -~ like veinlets., This
slide may be divided into two sections; the first a bilotite-rich
quartzite, with subordinate and garnet, and the second zone of
vein material (essentially guartz, feldspar and garnet)e Both
potash feldspar and plagioclase occur, Plagioclase is well=-
twinned and uneltered. Orthoclase xenoblasts however are
commonly altered to sericite at the edges,

Vein plagioclase is andesine and has a maximum
extinetion angle normal to 010 of + 209, It is biaxial positive.
The rock contains from 5 to 10% of plagioclase. Sericite frequently
occurs as small unoriented flakes at the edges of plagioclase,
orthoclase and quartgz grains. Both guartz and feldspar crystals,
are xenoblastice

Biotite is sparse, but the rocks contains occasional
flakes showing distinect light brown to reddish brown pleochroism,
Most flakes contain magnetite inclusions,

Large pink porphyroblastic are guite fresh, but often
contain rounded guartz grains as inclusions,

Sillimenite occurs as occasional scattered needles, but
increases in content as the biotite zone ies approached., There is
no distincet boundary between the two zones, but grain size
decreases and biotite increases rapidly from vein to quartzitie
material., Long fibres of sillimanite cause a distinctive
foliation to appear. Sericite also increases,

Magnetite is rare in both sections, but for an occasional
large grain., It is more likely ilmenite.

Zircon is a common accessory. Graine are rounded,
oval in shape, and rarely show crystal edges,



Garnet, sillimanite, biotite gneiss A139/66

This rock, typical of the garnet-sillimanite gneisses,

was closely associated with A139/64 from D.D. 832, North Mine,
No feldspar is present, but the rock has suffered sericitisa—
tion, with introduction of potash and subsequent alteration

of sillimanite at the edges,



Specimen No. A139/66
Meld Name

Garnet, sillimanite, biotite gneiss
Location

D,De hole 832, North Mine, 560!

Macroscopic

A coarsely gneissic rock composed chiefly of streaks
of sillimanite, large sltered slmandine garnetis, knotted masses
of biotite and plentiful fine-grained sericite. It is typical
of the garnet, sillimanite gneisses,

Microseopic

A garnet, sillimanite gneiss. Both needle-like
gillimenite and abundant fine-grained sericite occur in the
same rock. Quartz is present as xenoblasis of irregular shape
and variable size., Sericite is very abundant as an alteration
of orthoclase and sillimanite. Flekes are very small and
individually unoriented, although the mass &8 a whole parallels
the plane of foliation. Needles and prisme of sillimanite are
associated with sericite, plainly altering to the latter. They
are common also as fine hair-like inclusions in large pink
garnets., The garnets are somewhat altered to biotite at the
edges, and occur as large irregular porphyroblests, Biotite
flekes are strongly pleochroic from light brown to reddish
brown. Inclusions of zircon have produced npumerous pleochroic
halos, Biotite may be changing to sericite, with release of
tiny magnetite particlese

The rock contains no plagioclase, and orthoclase has
probably altered to gsericite. The texture shows a strong
tendency towards schistosity. Foliation is marked by parallel
alignment of sericite masses, long sillimenite prisms, and
flakes of biotite.



APPENDIX

SPECIMEN LOCATIONS ON CROSS - SECTIONS

1 AA" 1" BB“ AND " CG'"
ceonl () —cRPT () caribodl  Awdle OOF



CROSS=-SECTIONS

NAA“
Imperial Ridge
Hanging Wall Gneiss "AY surface outcrops
Hanging Well Gneiss "BY D.Ds 830 G 30'-1020!
836 1132'-1470"
827 866'=959!
Potosl Gneiss "A" surface outcrops
Potosi Gneiss "RB" D.De 819 625!
670"
(two locatione)
pBH Delprat Shaft

Hanging Wall Gneiss "AY D.Ds E1 1729'-}800"
E2 1811'-2194!
E3 1380'-1453!
wi 17L48%'-2000"'

Hanging Wall Gneiss "BY not on cross-section

Potosl Gneiss "AY DeDe Bl 600'=7891
E2 U435'-548*
E3 783'-820!

Potosi Gneiss "B" D.D. 805 498'=608"
771 LLO'=560"
691 190'-220"

Potosi Gnelss "C! DeDe 777 0 - 87!
783 0 - 89!
805 950 - 1080!

ncen Zinc Corporation Ltd. (Freeman's Shaft)

Hanging Wall Gneiss YA" D.D. 631 827' - 1058*
also from surface outcrope

Hanging Well Gneiss "BY D.D. 296 1475' = 2004°
Potoei Gneiss "A" surface outcrops
Potosi Gneiss "BY D.D. 1152 L460'=485"

1240 710'~785'

surface outcrop at Rising
Sun Northe

Potosi Gneiss "CY D.D. 1152 974'-1000'
1240 1360'-1407*




CROSS « SECTION SPECIMEN LOCATIONS




Delprat Cross-Section, "BB"

Specimen

D.D. Hole _Depth (ft.) No. Description

B3 810 - 811 1 ) Potosi Gneiss YAY

B2 61“ 2 ] ] ]

B3 )_‘_86 3 n " "

wl 863 h ] 1" L

E3 1971 5 Hanging Wall Gneiss "A"

1 1781 6 ] (] "

E2 2060 7 2 L " (more
feldspathic than ususal).

w1 1782 8 Hanging Wall Gneiss "AY

799 1054 9 Potosi Gneiss "BY

805 535 10 i it " (containing

more sillimenite than
usual)e

771 462 11 Potosi Gneiss "BY

12 (rejected)

681 178 13 Potoei Gneiss "B" (not typical)

691 195-197 14 " " "

805 1029 15 Potosl Gneiss “C"

805 1054 16 " " Y with more

sillimanite

805 1078 17 Potosi Gneiss "C" slightly
greater sillimanite content.

805 1080 18 2 A L)

805 1086 19 feldspathic garnet sillimanite
gneissa

805 1105 20 garnet biotite sillimanite gneis

783 57 21 Potosi Gneiss "("

783 37 22 o = % containing
more biotite than 21,

777 T 23 Potosl Gneiss "CY

738 369 2l Potosi Gneiss "("

738 375 25 H B * with more
sillimanite and biotite,

738 377 26 feldspathic garnet biotite
sillimenite gneiss,

738 384 27 Garnet biotite eillimanite
gneiss,

El 304 28 Slightly amphibolitised,
Hanging wall Gneiss (rather
magnetite-rich).

El 307 29 " with more amphibole,

Fl 316 30 # " i ]

El 340 31 feldspathic amphilibolite,

El 298--299 32 A contact between coarse~
grained amphibolite and
Hanging Wall Gnelss,

E3 642 33 Potosl Gneiss

E3 6L8 34 " " slightly emphiboli-

tised
E3 656 35 feldspathic amphibolites



D.D. Hole Depth (ft,) Specimen Description

NOe
E3 669 36 Amphibolite
E2 2079 37 Hanging Wall Gneise
E2 2079% 38 ] " u
with amphibolite devel,
B2 2080 39 Amphibolitised granitie
gneiss,
E2 2081 Lo Amphibolite
E2 712 41 Sericite schist,
E2 704 2 Feldspathic sericite
schist,
E2 701 L3 B "
E2 686 Ly gradational contact
rock=types
B2 6 81 u_5 1" " "
E2 679 ué " 1 "
B2 678 u7 amphibolitised rocks
E2 _ 677 L8 amphibolite,
wl 261 L9 Gradation from
amphibolite to pegmatitie
vein material,
wi 261 50 Amphibolitised rocke
2 423 51 Banded iron formations
E2 yay 52 (quartz-magnetite-garnet
rock)e
B2 525 53 feldepathised,
B2 L34 54 Granitic gneiss with
magnetite,
road cutting 85 Hanging Wall Gneiss YB"
Rock suites:
15«20 Potosl Gneiss changing to garnet-=biotitew
sillimanite gneiss,
2 h__z-, 1" " etce .
28~32 Shows gradual amphbolitisationa
33-36 Potosi-Gneiss - amphibolite contacte
37=-40 Transition from Hanging Wall Gneies to
amphibolite,
4148 Gradation between sericite schiest and
amphibolites

51=54 Contact of B.I.F. and granitic gneiss,



Zinec Corporation Cross-—section "CC"

D.D. Hole Depth (ft,) Specimen No. Description
631 880 91 Henging Well Gneiss "AM
296 1950 92 ] " " ngH
631 784 93 Potosi Gneiss MAM
1240 795 9 Potosi Gneiss "B"
1152 975 ) Potosi Gneiss “g¥
1152 L80 96 Potosi Gneiss "BY
97 11 " 1"
surface
outerop 98 Potosi Gneiss “gY
Rising Sun North,
99 Potosi Gneiss "BY,
Rising Sun Northe
738 530 100 Gradation between garnete
8illimenite -~
101 blotite gneiss and
Potosi Gneiss.
102 L
103 2
10k .
738 105 vein material
106 " 1]
107 garnet sillimanite gneigs,
108 t " it
(more feldspathic)
109 U 1 1
110 L3 n o
691 185-190 111 Sericite schist grading
into Potosi Gneliss,
112 (contact)
11 3 "
114 .
115 Quartzite, with feldspar
haloes around pink garnetsg,
783 366 116 Aplitic quartzite from
lode below 10 level,
Delprat,
759 159 117 a
681 615 118 L
Laurel
2 331 119 Aplite,
859 2 120 Aplite, in lode, 22 level,
. South Mine,
861 117 121 Aplite, in "pegmatite",
just beyond lode 22/1
South Mine.
surface 122 Aplite, Great Vugh area
g(not average)
outerop 123 Thackaringa aplite,
" 124 Pinnacles aplite,
& 125 Pinnacles aplite,
etce 126 Big Hill aplite,
127 Big Hill aplite,
128 Aplite, 12 level, No. 7

shaft, South Mine,



ZINC Corpns (Cross-Section ''QCY

D. D.

Hole

Depth (ft.)

Specimen No,

Description

129

130
131
132
133

Aplite, 12 level, No, 7
Shaft, South Mine.

Redan aplite,

"
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