SPEC_COLL
THESIS
09S.B
B976

THE UNIVERSITY OF ADELAIDE

"AN ANALYSIS OF THE SEDIMENTARY
- HOST ROGKS  TQ MINERALISATION

-

AT TFHE CATTLEGRIﬁ @REBODY, MT. GUNSON"

& by
“®
M. BUSBR®DGE, B.Sc.




AN ANATLYSIS
of the
SEDIMENTARY HOST ROCKS TO MINERALISATICN
at the
CATTIECGRID ORERBODY,
KT. GUNSON

. by
: I, Busbridge

|
J
L c )
PEFARTMENT X
NCT Fos LOoRAN
S

DEPARTMENT OF ECONOMIC GEOLOGY,

THE UMIVERSITY OF /ADELAIDE,
~ADELA]

BOUTH A LiA,

This thesls is submitted as partial fulfilment of
the requirements of the Honcurs Degree of
Bachelor of Sclence, in Geology,

University of Adelalde

November, 1981



CONTENTS

Page Munber

Abstract 1
ACKNOWIEDGEMENTS 111
Introduction 1
CHAPTER T: GEOGRAPHY |, HISTCRY AND
STRATIGRADHY 2
1.11 Location Data
1.12 Geomorphology
1.13 Climatology
1,14 History of ¥t, Gunson
Copper Devosits
1.15 Cattlegrid Orebody 3
1.16 Other Fineral Deposits
1.2 Tectonlc Setbing i
1.3 Stratigraphic Sequence
CHAPTER TIT: PETROGRAPHY 10
2.1 Pandurra Formatlon
2.11 Mineralogy
2,12 Framework it
2.173 Packing
2.14 Grain Size Analysls 12
2.15 Clay Bands 13
2.2 Whyalla Sandstone 14
2.21 Mineralogy 16
2,22 Grain Size Analysis 17
2.23 Packing 20
2,24 SEM Analysis

CHAPTER IIT: GEMNESTS OF BRECCIATION

3.1 Hrecclation 21
3.11 Cattlegrid Breccla
3.111 Nature of Brecciation 22
3,112 Sedimentary 273
3.1173 Endolithic 25
3,110 Tectonic

3.12 Mogale Breccia 26



CONTENTS CONTD,

Pape Numbsr

CHAFTER IV: DESCRIPTION AND GENRSIS
O STRUCTURES
4,1 Tepee-like Structures 28
h,2 Sandstone Wedges 29
Mo Other Structures
hohl Interpretabtion 30
hob2 Sandstone Wedges 35
.5 Copper Grades and Structures 36
CHAPTER V: FIUID TNCLUSION STUDIES 37
Ieach Analysls 18
SUMMARY AND COMCLUSIONS e .MO
APPENDICES Ly
APPENDIX I: Description of Thin Sections Ll
TT: Preparation of Samplesg and Mills
for Chemical Analysis 51
IIT: Grainsize Analysis 52
IV: Packing Analysls 57
Vi Gralusize Graphlic Statistical
Parameters 59
VI: Photos Al-A3 60

BIBLIOGRAPHY 61



s,

Filgure

Filgure
Figure
Flpure
Flgure
Fipgure
{ Figure
Flpgure

Flgure

Plate

Plate

FPlate
Flate

Plate 5:

LIST OF FIGURES AND PIATES

1l
Geology and Locablon Map.
Location of Cross-Sections,
2:
Cross Seclions.
3:
Distribution of Copper Minerallgsation,
bys
Correlation of Face Maps,
5t
Graingize fnalysis ~- Pandurra Formatlon
6:
Packing RHesults ~-=— Pandurra Formatlon
7
Grainsize Analysls -- Whyalla Sandsgbtone
8:
Packing Results -~ YWhyalla Sandstone
9.
Spatial Distrihbution of Structures and
Cu grade Contour Map QOverlay
1:
Pandurra Formatlion Petropgraphy
2
SEM Thotomicropgraphs and Petrography of
Whyalla Sandstone
3
Structures
s
Structures

Fiuid Inclusion Results



ABSTRBACT

The Cattlegrid Crebody ls loca-
ted at the disconformable contact between the Willouran
Pandurra Formation and the overlying Marinoan Whyalla
Sandstone. Mineralisation is located on a palaeo high.of

Pandurra quartzite known as the Pernatty Culminatilon.

The Pandurra Formabion at the
Cattlegrid mine is a moderately to moderately well-sorted,
crosg~bedded quartz arenite. Oralnsize analysis and
cross-bedding data indicates it to be of fluviatile origin,
while packing and compactlion of the gralins suggesis a con-
silderable thickness of quartzite has been removed by
ercosion., The bimodal Whyalla Sandstone is a texturally-
inverted subfelsarenite, with well-rounded and spherical
quartz grains in a poorly- to moderately-sorted fabric.
Ripple marks, truncation of sandy and clay laminations,
and a grain-size analysis suggests the Whyalla Sandstone
to be a beach deposit. Syndepositional faultlng, thick-
negs of the beach depogit and the textural inverslion sug-
gest the sandgtone to have been reworked by successive

tranggressions and regressions.

It is in the fractured and brec-
clated upper Pandurra Formatlon that the bulk of the mine-
ralisation {chalcocite, bornite, chalcopyrite) is found
in fractures and vughs. Basal Whyalla Sandstone is also
richly mineralilsed,.

Throughout the Cattlegrld mine,
one, occasionally two, predominant lenticular clay bands
shows evidence of acting as a glide plane., Sdueezing of
the clay into fractures of the overlylng quartzite,stri-
ations, and sharp transitions from the Upper Cattlegrid
Breccia to the underlying mogalc breccia and displacement
of sand wedges, all suggest sliding.

The topmost Cattlegrid Breccia
1s thought to be a bajada breccia underlain by the mosalc
breccla, considered to be due to a normal weathering cycle
and mlld tectonic activity.

Gelifluction or periglacial mass



movement processes ts considered to be the mechanlsm
responsible for the formatlon of tepee-like antliclines
and sand wedges. Cryostatic pressures resulting from the
melting of the actlive and talik layers and lateral move-
ment over the nermanently-frozen ground and/or c¢lay band
1s considered to result in the water-escape anticlinai
structures., Tenslonal fractures resulting from this move-

ment initiated ice wedges.

Fluid inclusion data suggest a
calcium-rich, highly saline, denss brine precipitated
copper-sulphlde minerallsation. “aters of a surface origlr
e.g., conmate, meteoric, are therefore ruled out dus to

the high Ca content and pauclty of Ma and K salts.

YPMA hasg suggested that these
dense brines have created instability in the brecclated
gquartzite due to excessive pore pressures. This instabl-
11ty has caused slumping along a decollement surface and
formation of the anticlinal structures and sand wedges.
Similar structures are observed in Uoper Flsslssipol
Valley Pb-Zn districts,

The mixing of this dense copoer-
bearing brine with less saline connate waters of the
Whyalla Sandstone has caused preciplbation of copper
sulphides at the disconformable contact.
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INTRODUCTTON

Cunson lies near the western edge of Pernatty lagoon
on the tectonically-stable Stuart Shelf, 425 km NNW of
Adelalde.

The purpose of the thesls was
to record and describe the host sedimentg to the minersa-
ligation and define their depositional environments.
Mineralisation occurs in brecciated quartzite in the
uppermost Pandurra Formation. A study of thé brecclation

was essentlial,

Unusual sedimentary structures,
e.g., tepee-like folds, and sand wedges occur within the
mineralised breccia., Due to mining operatlons, 1t was
decided to record and describe these structures adequately

and to offer an account of their formation.

Iaboratory methods included thin-
section work and Scanning Electron Microscope (SEM) ana-
lysis. Fluld incluslon studles were algo undertaken in
order to galn some insight into the nature of the minera-

lising solutions.

Approximately six weeks was
gpent by the author at the Cattlegrid open-cut., Work
consisted of mapping mine faces, collecting samples and
visiting regional areas with emphasis on the two host
lithologies. Compilation of drill logs and face maps
wag undertaken for the preparation of Flguresgs 2, 3 and b,
Volume and tomnage data of the Cattlegrid Orebody was

also researched,
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CHAPTER T: GECGBAPHY, HISTORY AND STRATICRAPHY

TOCATION DATA

The Mt. Gunson copper deposits
are located on and adjacent to the MW margin of Pernatty
Tlagoon, situated approximately 425 km NNW of Adelalde
(see inset map, Flg.l). The arsa lles within the Inter-
national Topographic Grid Reference SHS53-16 with latitude
and longltude co-ordinates of 31025~27OS; lB?OIC'mlj‘E.

GEOMORPHOTOGY

The copper deposits are situated
in an area called the Boockaloo lLowlands. The Arcoona
Plateau slituated to the north is an extensive tableland
elevated some 600-800 feet above sea level, generally cap-

ped by a resistant gquartzite member.

The Arcoona Plateau represents
remmants of a Mesozolc land surface (JOHNS,1968) and has
since been disected and eroded to present-day levels with
preferential erosion resulting in the Bookalco Lowlands.

CLIMATOLOGY

Temperatures are recorded between
0°C and 48°C with a diurnal range of 20°C, Mt. Gunson is
located in an arid'zbne, receiving between 15-20 cm of
rainfall per annum (PATTERSON, 1961},

HISTORY OF MT, GUNSON COPPER DEPOSITS

The copper occurrences of the
ME. Gunson Permatty Lagoon area were first discovered in
1875 and worked intermittently and unsuccessfully until
1937. In this period, production is reported to have been
3250 tong at 8-16% copper.

The property was worked between
1941-43 as a wartime measure by the Zinc Corporation 1td,
Production was 32000 long tons of ore averaging 3.4%
copper and O.45 oz,/ton silver,

In 1966, Austminex was granted
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L

S¥L No.139 covering 243 sq.miles. In 1969, the joint
venture of Pacminex (Exploration and Mining subsidiary
of CSR Itd.) and United Uranium purchased the rights and
title to deposits located by Austminex, Upon completion
of the mill, mine procduction commenced in June, 1970,
Production figures (1970-1072) were L4B890CC tonnes 7 257
Cu from the East and West Iagoon orebodies with approxl-
mately 1000 tommes from the Fain Cpen Cut,

Mining overations ceased in late
1971 due to shortages of water, excessive mlll stoprares
and low IME prices.

CATTIEGRID OREBODY

The Cattlegrid deposit was dils-
covered in 1972. An area of mineralisation measuring
1600 m x 800 m was outlined with an average intercept of
4.5 m of better than .5% Cu at a depth of 30 m. Usivg
a 1% cut-off, the deposit originally contalred L,5 miliion
tonnes averaging 2,45% Cu, with an overburden to ore ratio
of 9.2 : 1. Ore thickness varles from 2 to 20 m and thils
variability is also accompanied by rapld changes in con-
tent of accessory metals such as Zn, Pb, Co, Ag. The ore
zone has, in cross-gection, a rich central "core", and
from thils core the metal grade diminishes in both upward
and downward directlions.

The Cattlegrid deposlt 1s some-
what different from that which existed in the East and
West lagoon deposits in that it contains sulphldes of Ib,
Zn, Fe and Co in appreciable amounts. Mineraloglcal
studieg have shown that the sulphides present are not uni-
formly distributed and vary from place to place within
the mineralised zone.

Contaminants for mining revenues
include Pb and As, Bonus elements are Zn, Co and Ag.

OTHER MINERAL DEPOSITS

Manganese deposits were discovered
in 1915 six miles NNE of Woocalla., Total tonnages mined
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were about 340C0O tons of M¥n ore containing LC-557 M,

They are located In the Woocalla Dolomite,

Barite 1s closely associntaon
with manganese. 155C tons were mined betwoon 1217 ans
1939 averaging 98% barium sulphate., Fluorite 1s comronly
found in direct associatior with massive barite minersli-

sation, but no recorded mining has taken place.

Three miles east of Woocalln,
iron ores were reported by JACK (1922) to include limoniha,
goethite and turglte and to occur iIn a rarrow brocclzted
zone of duartzite near ths margin of Ironstone Iagoon
(see Fig.1).

TECTONIC SETTING

The area lleg within the tazoleonie
unit known as the Stuart Stable Shelf -- an undeflorpad

stable platform marginal to the Adelalde Geosynclinae oo

the eagt and the Gawler Craton to the west.

The Adelaidean rock saauenna of
the Stuart Stable Shelf is typlcally =plcratonlic in bhat

1t comprises a series of unaltered and unfolded mature oo
supermature quartz arenltes with minor shales and carto-
nate sequences (CBEELMAM,K6 1974), Tt forms a cover ol shal-

low marine gediments marginal to the Gawler Craton.

STRATIGRAPHIC STEQUENCE

Total thickness of *delaldenn
rocks lsg probably less than 2C0C m,

Roopena Volcanics (1330 Ma —- THCOMSON, 19A6; THONMSCNM
‘ et al, 1976).
£t the base of the Adelaldean

sequence are the Roopena Volearlcs, a unit of spllitic

and trachytlc lavas which'éme>nly exposed 1n the southern
part of the Stuart Shelf. The lavas are consldersd to be
relicts of Early Adelaidean cover depositaed on the Stuart
Shelf (MASON et al., 1978).

Pandurra Formatlon

The Pandurra Formatlon, a sedquence
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of red cross-bedded lithic kaolinitic sandstones and
quartzites and minor slltstone members, 1is proposed as
the earliest-known widespread cover unit of Adelaidean
age preserved on the Stuart Shelf (MASON et al,, 1978)
and forms the basement unit in the Pernatty Tagoon area.
Tt has largely been derived by ercosion of an extensive
terraln of ¢.1500 Ma Gawler Range Volcanics to the scuth-
west (BLISSETT, 1975, 1978),

Deposited perhaps at aporoximately
the beginning of Willouran time, in fluviatile environ-
ments on down-faulted basement blocks (MASON and others,
1978), 1t attainsg a maximum thickness over 900 m in the
vicinity of Mt., Gungon and laps out on to crystalline
basement to the west (THONMSON, 1976).

The copper depesit at the Cattle-
grid area lies on a north-south-trending ridge of Pandurra
quartzite and sandstone kmown ag the Pernatty Culmination
and is shown in Fig.2. Conlemporanecous faulting ls evi-
denced by the relationships of overlying units on the wes-
tern edge of the culmination.

Inn outcrop and mine faces the
gquartzite has an lrregular uppermost layer that 1ls Jointed,
fractured and finally brecclated in a manner suggestive
of an old erosion sufface. It 1s in this upper part of
the Pandurra Formation that fracturing and brecciation
has provided a favourable environment for the precipltation
of copper sulphides (Fig.3). It is at thls same strati-
graphic position, that is, close to the disconformable
contact with the overlylng Marincan Whyalla Sandstone,
that unusual sedlmentary structures were observed in the

open-cut mine and regilonal areas.

Crossbedding of the simple convex
type is present with cross-bed sets up to 1.5 m thick
and fore-set angles averaging 25°. Current directions
from these structures are variable, but there 18 a pre-
ferred direction from the west. Figure 4 shows these
directionsg, as measured by company geologists working
at the orebody.
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The quartzite shows distinctive
grading of beds and in many cases these bedding vlanes
have fractured. later, mineralising solutlions have en-
tered these fractures and deposited their copper and
iron sulphides.

Ieisepang banding i1s abundant in
the gquartzite representing the penetration of iron-rich
meteoric fluids flowing through joints and fractures.
Ielsegang banding pre-dates the brecciatlion eplsode and
lg a relatively older dlagenetic phencmenon, where, accor-
ding to drill logs, it 1s not seen below 380 mnetres.

Cne, sometimes two, clay bands

up to 50 cm thick and traceable for often up to 80 metres,
shows an unusual habit., The green to brown, sometimes
iron-gtained, clay conslsts of angular and rounded quart-
zite fragments up to 20 cm long of varying dimenslions,

The poor sorting typifies a debris flow, but 1ts occurrence
as a thin band, often lensing out and re-appearine further
along strike, 1s not consistent with this idea (see Flir,

Ly,

Additional information about
the Pandurra Formation was obtalned from drill logs.
These show a decrease in the frequency of fracturing and
Jointing with depth until 170 m where it drops off con-
siderably. Sulphldes are accommodated within the top
15 m and occur much less abundantly down to 157 m and
then fade. Chert clasts are common throughout the depth
drilled, while clay bands occur throughout the drilling
interval with local concentrations of occurrence. Gawler
Range Volcanic fragments, rhyolites to dacites, become
obvious from 400 m below the collar and increase in abun-
dance with depth. Conglomerate bands also follow this
pattern, Cobbles are mainly rounded conglomerate quartz
und Gawler Range pebbles. Silicification is local only
below 50 m, but clays, orobably larrely dlagenetic, occur

abundantly throughout as interstitial material.

icLeay Beds

These beds have been logged as

a distinct stratigraphic unit in the Nt., Gunson area disg-
conformably separated from both the averlying Tapley



Hill Formation and Pandurra Formation below. It ig =
discontinuous unlit of silt and clay bands, sandstones

and quartzlite and conglomerate., Cccasional angular

silty quartz erratics, including glacigene rafted "drops",
occur within the clay bands (CURTIS, 1978). He has sug-
gegsted that the Mcleay beds are periglacial sands and
clays formed at the edge of a glacler,

Woocalla Dolom;te

Following the Sturtlan glacial
phase, there was a widespread marine tranggression, lea-
ding to the various facles of the Woocalla Dolomite
(Tapley H111 Fm.). The dolomite ig missing at the Cattle-
grid orebody but reaches a maximum thickness in outcron
of 47 metres east of Pernatty lasoon (CREELMAN, 1974).

The black manganiferous dolonlite
and black shale is the host to the copper minerallisation
seen in other areas around Pernatty lLagoon, e.g., lystery
Workings, and part of the Main Open Cut workings.

Data from recent stratigraphic
drilling indicate that there are a number of slgnificant
facles changes within the Woocalla Dolomite rangline from
a Black Shale representing deeper water to an oolitic
and sandy dolomite corresponding to shallower water,
High copper values are restricted to two maln facles:
the dolomitic mud-and-silt facies and dolomitlc shale
facies. In outcrop, the unlt may be massive, laminated,
brecciated (intraformational breccias) or stromatolitic,
Collenia and Cryptozoon (CREELMAN, 1974},

Pre-Woocalle eroslon of the FPan-
durra Formation produced a surface of low ridges and
stream channels. The sediments of the Woocalla Dolomite,
together with the close assoclation of manganese, iron
and barlum (and possibly copper) salts, suggest depositlon
in a partially-closed basin or basing. The rims of the
basin {or baging) consisted of Pandurra Formatlion sand-

stones as topogravhically high areas.

Whyalla Sandsgtone

The Whyalla sandstone represents



.the basal Tent Hi1ll Formation in the Stuart Shelf area
and records the early Marinoan transgression pronogad
by COATS (1965) (THOMSON and JOHNSON, 19€8). At the
Cattlegrid deposit, it lieg disconformably on the frac-
tured Pandurra quartzite snd in other areas lies dig-
conformably on the VWoocalla Dolomite,

It has a thickness of 45 metres
in the Cattlegrid open cut,

It is a cream-to-white modera-
tely-soft sandstone with a 911ty matrix, Its most dls-
tinctive feature 1s a marked sphericity of constituent
guartz grains. With an increasge in the silt content, the
sandgtone exhibits alternate laminations of silt-rich
layers and sandstone-rich layers. These layers are usu-
ally flat and parallel-bedded, but rarely, some truncation
of layers 1is evident. These laminatlons often leng out
and rarely exceed 5 cm in thickness.

Several pebble horizons, first
appearing about 10 m above the dlsconformable contact
with the Pandurra quartzite, are present. These layers,
concentrated in a zone about 1 m wide, are made up of well-
rounded quartzite pebbles, usually less than 1 cm long,
and are located in gilt-rich horizons about 1-2 cm thick.
These horizons extended for a distance of apvroxlimately
100 metres before disappearing below rubble, No imbri-
cation of pebbleg was observed.

Iarge~scale cross-bedding was
obgerved at the mine and wave-formed rippleg were common
in areas surrounding the mine  (Photo 9).

Upper Tent Hill Formations
Overlying the Whyalla sandstone

are the upper members of the Tent Hill Formation. These
comprigse the Tregolana Shale, the Corraberra Sandstone

and the Simmens Quartzite. The Simmens Quartzlte 1is
correlated with the ABC Range quartzite, and the Corra-
berra Sandstone-Tregolana ghale 18 correlated with the
Brachina Formation. These correlations indlcate the
widespread transgression of the lower units of the Marinoan
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Wilpena Group on to the Stuart Shelf areas durlng the
late Proterozolc (DAIGARNO, 1965).

Tertiary and Recent Sediments

Photograph 1 shows the dlscon-
formable contact between the Whyalla sandstone and the
fluviatile pebble conglomerates of the Tertiary desert
sandgtones (JOHNS, 1968). These conglomerates are up to
5 m thick and boulders often exceed 20 cm in dliameter.
They are often duricrusted and can be termed "conglomeratic
silcretes",

Red quartz sand forms sub-para-
l1lel longltudinal dunes in the reglon. Thelr age is un-
cortaln as they have transgressed over all formations.
Much of the sand is derived from erosion of underlying
Adelaidean sandstones and quartzites and are of probably
Recent age, although some may be Tertiary (JOHNS, 19648).

Igmeoug Bocks

Basaltic dolerite dykes, assocl-
ated with linear magnetic anomalies, intrude the Pandurra
Formation (MASON et al., 1978}. At Mt., GQunson, one such
dyke 1g interpreted to have been erocded during the Sturtian
interval, It contains trace amounts of pyrite and copper
gulphides, egpecially asgsoclated wilth carbonate veilns
{GERSTELING and HEAPE, 19735) (Figure 2).
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CHAPTER IT: PETROGRATHY

Representative thin-section descriptions are supplied
in Appendix I,

PANDURRA FORMATTION

Mineralogy:

The quartzite of the Pandurra
Formation is a medium~ to very-coarse, moderately to
moderately well-sorted, graded, quartz arenite. Gralnslze
ranges from 2 mm to ,08 mm. CGuartz gralns are plutonic,
having slight undulatory extinctlon with occaslonal com-
posite graing, Kaolinite occupying Interstices averages
5% of the rock.

Gralns have a sphericity ranging
from .65 to .83, using the scale of BEARD and WEYL (1272).
They are sub-angular to sub-rounded, with an improvemont

of roundmness with larger-sized grains,

Crainsize and sorting is vory
uniform (see later) within single beds, and 1little vari-

ation in sorting cccurs due to changes in gralnsize,

Authipgenic quartz:

The presence of overgrowths 1s
suggested by the occurrence of "dust" or lron oxldes mar-
king the original grain margin. Overgrowths comprilse
2-54 of the rock. They are optically concordant, and do
not attain any crystal form (sec Plate 1)},

Composlte quartz grains exhiblt
undulose extinction and may have overgrowths in optical
concordance with individual crystal members of the grain.

Iron oxide:

Iron oxide in the red Pandurra
quartzite coats gralng and is responsible for the lelsegang
rings. It forms as coatings around quartz grains and =also
silica overgrowbths suggesting that iron oxlde was contem-
poraneous with overgrowth formation (Plate 1),

Detritalg:
These include rounded zircon and



a)

b}

o)

DESCRIPTIONS OF PIATE 1:

Iron oxide coating silica overgrowthg, Algo some iron
oxide outlining original graing, suggesting lron-oxide
development and silica overgrowbhs were contemporanscus.
Note anhedral shapes of overgrowbhs (4O X Mag.).

Clay Band. Note the large proportion of floating grains
and lack of silica overgrowths {10 X Mag.),.

Sutured contact of detrital grains (40 X Mag,.),
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11,

leucoxene grains not exceeding 1%,

Clay {Kaolinite):
Kaolinlite is considered to have

been derived from the complete alteration of plagioclase
graing, l.e., 1is a dilagenetlc phenomena, after the depo-
sition of the original graing. Its presence, in thin
section, 1s dependent on the tightness of the guartz fabrile

and hence the degree of quartz overgrowth abundance,

Potash feldsgpar:
was ldentified by staining tech-

niques and never exceeded 2% abundance.

Framework:

The Pandurra Formation 1g a grain-
supported quartzite In that the interstitual clay forms
the discontinuous phase where individual gralns touch
along one or more contacts and isolate the clay fraction
in the pore spaceg. By this definition, according to
DAPPIES (1972), the quartzite is recognised ag an arenite

deposited by normal traction processes.

Packing:
Contact measurements were recorded
only on the contacts of detrital grains and excluded over-

growth contacts (Figure 6),

GAITHER'S (1953) study based on
artificlally packing the well-gorted, moderately-round,
medium-grained St. Peter sand into a grain-supported frame-
work provided a measgure of compaction,.

"The followlng conditions can Indicate com-
paction if observed in thin section ... whosge
texture and composition were simlilar to those
of the sand used in thls invesbtigatlon ...
an average number of contacts per grain in ex-~
cegs of .85, less than 46% floating grains,

&
31% of grains with one contact, 16% with two,
& 1
6% with three al’]d l/a/ with four. (GAITHER, 1953}

Of these contacts, 77% were tan-
gential, 17% long, and 6% concavo-convex contacts.
TAYIOR (1950) defines these contacts, which are shown by
the photos of Plate 1.



PANDURRA FORMATION

o
© o
v e
O oo
|

FREQUENCY (CUMULATIVE PERCEMTJ.
wn
<

S
i

BRI

"L,
e T O
TN

T ¥ T

3 -2 -1 0

FIGURE §:

A, HUMBER 0F CONTACYS PER GRAIH

3 4

5

-3 -2 -l 0O 1 2 3

PARTICLE SIZE ¢ UNITS

GRAINSIZE ANALY SIS

floatin

&/

283

FIGURE 6 ¢

PACKING

4§ >4

RESULTS

B TYPE OF GRAEH CONTACTS

Tanggntial

Long

Concave—Gonvx
and Sutured



2.14

Considering the Pandurra Formation
1s a moderately well-sorted, medium-grained quartzite,
parameters obtained, after studying elght thin sections,
are depicted inm Table Al. Percenbtages are given in Appen-
dix IV. Sampleg were obtained within 6 m of the discon-
formity.

Results show that 9.9% of grains
were floating and 14% had greater than three contacts.
Of these, 19% were elther concavo-convex or sutured con-

tacts,

Comparing GAITHER'S study and
the results obtained for the Pandurra Formation, it 1s ap-
parent that the latter has suffered a noticeable degree of
compaction. Hence, considerable thickness of the Pandurra
Formation is envisaged to have been eroded down to the
present level of the disconformlity.

Considerable pore filling has oc-
cured by secondary quartz cement described above. However,
due to the pregsence of concavo-convex contacts, the small
percentage of floating grains and the large number of long
contacts, simple pore filling as defined by TAYIOR (1950)
is not the only process causing the reduction of pore space

A large number of long, concavo-
convex and sutured cbntacts, approximately 88% of all
contacts and pressure fracturing of grains, reflect the
effect of pressure and its effect in reducing porosity.

Pressure solution contacts (viz.
sutured and concavo-convex) have not accounted for the
amount of silica overgrowth. Certainly some of the sillca
has been derived from pressure solution., The source or
gsources of sllica most brobably have come from the silica-
rich waters of the Gawler Bange volcanics lylng in the
south-west. These waters were probably channelled up into
the topographic high of the Pernatty culminatlon,

Grain size Analysis:

MASON et al. (1978) suggested the
Pandurra Formatlion was deposited in a fluviatile environ-
ment, FRIEDMAN (1961), in hls study of modern-day dune,



beach and river sands using sleving techniques, demongt-
rated that river sands have positive skewness (althoush
exceptions occur) and are not as well sorted as dune sands
standard deviatlion values averaged aporoximately 0.8 for
river sands. Mean grain sizes ranged from 1.6d to 3.4
(.33 to .08 mm).

In the author's study, a grain
slze analysis of elight thin sectlons of the Pandurra For-
mation was undertaken, using %ﬂb calibrated intervalsz on
a micrometer (Figure 5). For a conversion of ths datz
obtalned by thin-section techniques, to data obtaired by
sieving, the reader is referred toc FRIEDMAN (1958) who
found a linear relationship between the two methods.

Results obtained (table A} using
Folk's graphlc statistical parameters (Appendix V), showed
that the standard deviation ranged from 0.6 to 0.7h,
Mean graln size averaged 2¢ (0.25 mm). In addition, with
such great thicknesses of Pandurra Formation, in excass
of 900 metres in certain areas, and the nature and proeva-
lence of crossbeds, a braided stream environment 1s
suggested,

Skewness values, although not
totally convinecing using thin-section methods, shcwed
coarser than expected readings. Possibly a greater carrylirng
capacity of the stream's load can be invoked, Alternatively
a wimnowing effect, such ag in a tidal environment, to
remove the finer fraction, could be envisaged. However,
the absence of tidal facies and structures refutes this
suggestion,

2.15 Clay Bandg:

In thin section, it is a poorly-
to mederately-sorted angular to sub-rounded, quartz wacke,
The matrix, kaolinite, comprises 4C% of the thin section.
It does not show any follation or compaction around quartz

grains (Plate 1).

According to DAPPIES (1972),
sand gralns forming the dlscontinuous phase are ldentified
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as wackes. Accordingly, quartz pgrains of sand size are
angular, of low sphericity, and show very limited develop-
ment of overgrowths. Such ig the case with the clay bhand
observed, with only larger grains (> 1.5 mm) showing somse
degree of rounding. WNo concavo-convex or subtured contacts
were observed, and 68% of the grains were "floating”,
indicating a mucn less degree of compaction than that ob-
gerved for the underlying and overlying quartzite. Iron
staining does occur, and mineralization is extremely

poor, with only rare scattered grainsg of pyrite occurring.

In the mine faces, the clay band
exnibits angular tabular clasts, sometimes rounded and
randomly orientated. These clasts are themselves fractured
or show signg of breaking up (Photo 3). Grading, both
normal or inverse, was not observed, although clast cize
and abundance did tend to increase towards the upper and

lower margins of the band.

Three alternatives are proposed
for the formation of the clay band:

1) Sedimentary Origin: It could represent 2 waning of
the water current to gquieter periocds. Certainly,
the immediately underlying guartzite layer decreases
in graln-size. However, the presence of rcunded
vebbles is difficult to understand, espescizlly as

these are absent from ad jacent sands.

2) Mud-flow: A clay-supported mud or debrig flow seems
unlikely. It occurs as a tracesble lenticular band
never greater than 40 cm thick, and often only 10 cm
thick., Fig.4 shows its prevalence and disappsarance

among mine faces.

3} Slip-plane origin: Here the original clay band of a
sedimentary origin acted as a slip-plane to the over-
lying quartzite. During lateral movement, fragments
were lodged into the clay band and rounded by conti-
nued movement.

Alternative 3) seems the most likely in the light of struc-

tures observed:
a2} squeezing of clay into fractures and vughs 1in

quartzite (Photos 3 and 4},
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PHCTO 1:

FTHOTO 2:

PHOTO 3:

Whyalla Sandstone — Tertiary Conglomerate
Disconformable Contact., 10 km South of Mine.

Pebble Iayer in Whyalla Sandstone. Minme Face.
Note Iack of Imbrication.

Intruding of a Clay Band into overlying
Fractured fuartzlte. (Pandurra Formation)







PHOTO 4

PHOTO 5:

PHOTO 6:

Intruding of clay into quartzite. Note rounded
lath-ghaped fragments in clay band.

re, DBasal
tall is located to the left of the main wedge
1tgelf,

Iateral digplacement of clastic wedg

Sharp transition from overlying Cattlegrid
breccia to underlying mosalc breccila. DNote
rectangular-ghaped cavity between blocks

2t bottom of Photo and sand wedge Iin upper

left-hand cormer,
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b) striations on the underside of a sectlon of the
clay band, possibly slickensides (GOSTIN, pers.comm

c) clastic wedges (discussed later) usually exhiblt
a basal tall. One such wedge was laterally dis-
placed from 1its tail by a distance of 1.l metres,
suggesting slip along the intervening clay band
(Photo 5):

d) a sharp transition from the mosalc breccia to the
Cattlegrid breccia (see later) is only marked by
the clay band (Photo 6);

e) degree of compaction of the band is markedly less
than the adjacent quartzite. Iateral movemont
along the band has probzbly destroyed arny indica-

tions of compaction.

Whyalla Sandstone:

Basal Tent Hill Formation, and
stratigraphlcally equated with the glaclial Elatins
Formation (FREISS, 1979).

The Whyalla sandstone 1s a creamy-
coloured, soft, poorly- to moderately-sorted, medium-to-
coarse feldspathic sublitharenite or a subfelsarenite. It
1s a very clean sandstone with no micas or heavy minersls
present. Close to the disconformable contact with the
Pandurra Formation,bedding is made up of horizontal layers
of silt (up to 1 cm thick) and coarser sand-size layers
usually thicker (greater than 1 cm). Occasional trunca-
tion of these layers occurs, but usually they inter-tongue
with each other. No clear grading from sand to silt
occurs, although some intruding of overlying sands does
occur into the underlying clay seams. Higher up the se-
quence, banding disappears, and a2 more homogeneous mixture
of sllt and sand occurs in large-scale cross-beds.

The most distinguishing feature
of the Whyalla sandstone i1s a marked rounding and high
degree of sphericity of the grains. This, together with
a poor-to-moderate sorting, implies a textural inversion.
Therefore, the sandstone has been through more than one

period of erosilon.



DESCRIPTICN OF PLATE 2:

SEM WORK AND PETROGRAPHY CF WIYALTA SANDSTCONE

SEM Photomicrographs (a-f). Thin Sesctions (g-1)

Solution Cavity. Former grain (now removed) dissolved
away the sllica at the point of contact with this grain
(70 X Mag.).

Similarly formed solution cavities (7C X Mae,).

Striations of unknown origin (70 X Mag.).

Euhedral Chalcoclite crystals growing on grain (200 X Vag.),

Typical spherical sand grain (30 X lVag.).

Clay Jolning two rounded grains together, Some parting has
already begun to occur (300 X lMag.).

: |

Rounded Plagioclase grain (sericitiged) (LO X Vag.).

Rounded composite grains and devitrified voleanic grain
(almost black) (10 X Mag.).

Bimodal grainsize population with the smaller sizes filling
pores between larger grains. MNote the hlgh number of con-
tacts per grain due to this distribution (10 X NMag.).

Long contacts in Whyalla Sandstone. The grains exhiblt
a hlgh degree of sphericity (10 X Fag.).
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A distinctive traceable pebble
horizon occurs 4 to 7 metres above the disconformity in
the open-cut mine. - Pebblesg, well rounded, up to 1 cm
long, occur in a narrow zone, among several sllty horizons.
They have no imbrication and lie suggesting that they were
deposited from suspension, perhaps with the sand-size
fraction. Professor R. WATKER (pers.comm.) suggested that
the pebbles were deposited during storm actlivity, after

the removal of the pebbles from the beach zone (Photo 2).

Closer to the disconformity, the
sandstone may be cemented by chalcocite, bornite anc
pyrite. In sand wedges and clastic dykes (described later)
bedding, marked by silty and sandy layers, is often vertl-
cal (Plate 3). These structures are therefore seen to have
been filled by a single slumping event and not by a gradual

filling of sand and silt.

Structures observed away from the
mine included wave-formed ripples. These ripples are
symmetrical in cross-section and have a wavelength of
3-4 cm. Some bifurcation of ripples represents a sand
flat zone where wind-driven waves create similar ripples
(Photo 9).
Mineralogy

The mineralogy is predominantly
quartz, showing two size populations (Plate 2). They show
little or no development of overgrowths. Some quartz-
composite grains are often ferruginised, and probably have
been derived from the Pandurra Formation. Rock fragments,
including devitrified volcanic grains, are present (5%)
(Plate 2). The devitrified volcanics suggest an acid
volcanic source for these grains, as basic volcanics would
tend to decompose to clay (J. FODEN, pers.comm.). The
Gawler Range Volcanics lying to the south west are consl-

dered the most probable source of these volcanic grains.

Potash feldsvar, confirmed by
staining methods, and plagioclase (An6?—60)’ usually
about 1.5¢ (0.4 mm) in diameter, make up 1C% of the rock.
Plagioclase grains are usually highly sericitised (Plate 2)

The presence of plagiocléée in such a mature sediment




2432

17,

suggests an arld or cold climate, which reduces chamical
weathering (GOSTIN, pers.comm.).

Gralnslze Analysis:

Flg.7 snows a bimodal grain-size
distribution of the Whyalla sandstone, being deficient in
the 2¢-3¢ size-range (% - % mm). The coarser mode, from
2 mm to % mm, medlan of ,75 mm, 1s very well rounded and
occuples 20-65% of the sediment, commonly 60%, The finer
fraction, median diaumeter of .08 mm, occupies 35-207% of
the sediment, usually about 4037,

_ Becauge this size-range 1s at a
minlmum, 1t 1s possible that this prade was not nroduced
by the same rocks. However, it is oresent in the Pandurra
Formation (Fig.5), and, assuming the Whyalla sandstone wasg
derived from a number of sgources, viz. Pandurra Formation,
volcanic and metamorphic terraines (by the presence of
these gralns in the Pandurra thin section), this seoms
unlikely.

Analysis of recent beach and near-

shore sands off the South African coast by FULLER (1941

and 1962) showed a similar bimodal distribution with grains

in the region 2¢ - 3¢ at a minimum. In discounting several

possible causes, e.g., differential abrasion rate cr a

greater susceptibility to erosion for this fraction, he

favoured a two-stapge fractionation process:

1} Firstly, the grains approximating and coarser than the
2¢ size would remain on the beach;

2) PFractionation would occur when the finer beach componer
(1.e., around 2¢ - 3¢$) was carried inland by on-shore
wind actionm,

Subsequent redistribution of depleted gralns on the shallow

sea~floor would result in a bimodal size distributlon.

The depletion of the 24-3$ size
fraction 1s not restricted to modern-day beaches. GCSTIN
noticed a similar depletion in Tertiary sands in his study
of the Mt. Martha Sand Beds on Mornington Peninsula (1964)

The 2¢ - 3¢ (.25-.125 mm) slze-
fraction should be located in other areas, although subse-
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quent erosion may have removed it. It 1is noticeable that
the Tregolana Shale, which conformably overlies the
Whyalla Sandstone,1s a green and purple-to-red, laminated
mudrock contalning sandy layers. Gralnsize ranges from
0.7 to 0.15 mm (CREEIMAN, 1974). He also notes a hipn
degree of rounding and sphericity of the sand gralns, It
1s possible, therefore, that the wind-blown component of
the Whyalla sandstone was concentrated into the gquiecter
waters of the Tregolana Shale.

Another theory to explain this
defilciency of the 2¢ - 3¢ sand fraction was provided by
P. YPMA. He suggested that the packing of the well-
rounded, larger sand-sized population (it can represent
65% of the total range in sand sizes) could not accommodate
the 2¢ - 3¢p-sized particles, However, thls coarssr popu-
lation often represents only 30-007 of the constituent
grains, especially in silty layers. YWhy then, wasn't the
29 - 3¢ sand fraction accommodated in these layers?

The Whyalla sandstone, after a

grain-size analysis of eight thin sections (Table A2 )

was found to be a poorly- to moderately well-sorted, ncar-
symmetrical to coarse-skewed sandstone. Mineralisgad
layers were strongly finely-skewed, however.

FRIEDNAN (1961) demonstrated that
ocean beach sands are negatively (coarse) skewed, while
MASON and FOLK (1958} concluded that beach sands at Mustang
Island were near-symmetrical but coarser-skewed than dune
and aeolian sediments. Sorting was found to be good for
all three environments, which 1s in contrast to those
results obtained for the “hyalla Sandstone. NMean slze
ranges from 2.6¢ to 2.96¢ for the Mustang Island study,
while those for the Whyalla Sandstone have an average of
2.144¢.

Apart from the pebble horizon,
the mineralised layers of the Whyalla Sandstone are the
best sorted (Fig.7). It is assumed that the better porosit,
and permeability associated with these horizons provided
the most favourable environment for the precipltation of

copper sulphides.
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The YWhyalla Sandstone 1s saen
to represent a reworked beach environment. Syndeposi-
tional faulting during Whyalla sandstone time (cross-
section, Fig.zh) is seen to be representatlive of the
rising Pernatty Culmination. The “hyalla Sandstone sea
therefore transgressed and regressed several times acocor-
ding to the rate of elevation of the culmination a2nd the
transgressing sea, In times of rapid elevation, the gea
regressed and erosion of the culmination removed inter-
vening lithologles, 1l,e., lMcleay Beds and the Tapley
H1ll Formation, During periods of slower elevabtion, the
marine transgression reworked beaches, creating the tex-
turally-inverted Whyalla Sandstone. After elevation had
ceased, the transgression proceedzd further and the
Tregolana Shale was deposlted on flanks of the culmination,

Plate 3 devicts a sandstone
tongue with a possible erosional interval in the Whyalla
Sandstone, Here, horizontal bedding overlies the tonrue,
which 1s infilled with subvertical bedding.

WALKER (pers.comm.) commented
on the lack of thickness (usually less than 1 metre) of
transgressive beaches, while repressive beaches are noti-
ceably thicker. The beach environment at the Cattleprid
cpen-~cut is up to 10 m thick, before the sands form large-
scale crossbeds probably representing aeolian sands,
This thickness is therefore considered to represent
several perlods of transgressions and regressions.
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. 2.23 Packing (see Plate 2):

224

Results are given in Appendix IV
and are diaprammatically represerted in Fig. 8,

The noticeable difference between
the packing in the Whyalla Sandstone and the Pandurra
Formation 1s the amount of pregsure contactsg. Only 10%
of all contacts in the Whyalla Sandstone are concavo-
convex or sutured, while the Pandurra Formatlion contains
19%., Hence, although compaction has occurred, 1t was not
as intense as that described for the guartzite,

Iittle importance is placed upon
the number of contacts per grain in the Whyalla sandstone.
The large percentage of smaller-gized grains has infillled
pores between larper grains and hag increased the number

of contacts,

SEM analysis on Whyalla Sandstone grains (Plate 2)

This work proved to be of 1llttle
help in confirming or refubtlng any single deposlticnal
environment. Structures such as chatter marks, upturned
plates {indicative of aesollan sands), glacial features
(high relief, angular sheeting and conchoidal fractures),
V-sghaped pits and grooves (furbulent subsqueous environ-

ments), were not found.

Solution hollows were abundant,
and striations of unknown origin were also observed
(Photo (C}). The cementing of rounded grainsg by clay 1is
ghown in Photomicrograph (F). The well-formed chalcoclite
crystals were also seen growing upon dquartz grains (D).
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CHAPTER TIT: GENESIS OF BRECCIATION

BRECCIATION

HEAPE (1978) described three
maln breccila typeg at the Cattlegrid Open-Cut:

1) Cattleerid Breccla: Angular to sub-rounded, often

tabular or lath-shaped quartzite fragments randomly
ortentated in a clay matrix and grading upwards into
a Whyalla sandstone matrix. The former is usually
only locally mineralised, while the latter can con-
tain a richly-mineralised sandstone matrix.,

2) Mosaic or Tengional Breccia: An "in situ® breccla,

in which crossbedded or flatlying quartzite ls broken
up along bedding planes and preferred orientatlous

of quartz grains (Photo 7). Vughs and cavities are
created in between fracture blocks (Photo 6).
Sulphide mineralisation is prolific in these zomes,
oceupying fractures and joints, vughs and cavities

in between clasts. Sulphides include chalcoclite

(Cu,

§) and bornite (CuSFeSu), with minor amounts of
chalcopyrite (CuFeS?) and pyrite (Fesz).

3)  Crugh Brecciam: Not as comwmon as the above two. Teg ~

tonic brecciag developed in fault zones and within
shale bands.

CATTLEGRID BRECCIA

According to the classificabion
of NORTON (1917), the breccia ranges from @ mosaic breccla
in which fragments can sti1ll be matched along ad Jacent
surfaces to a rubble breccia in which fragments, although
cloge~set and in touch, camnot be matched togetber. Tess
frequently, single clasts of quartzite are floating in
o sandstone matrix with no other clasts within 5-10 cm,
e.g., in clastic dykes and wedges and immediately above
the clay filling breccia. BRarely a "crackle breccis®
occurs, i.e., fragments bhave suffered 1ittle displacement
(Photo 8).

Tn all cases, clasts are usually

angular, elongated in one dlmension with size ranging



PHOTO 7:

PHOTO 8:

PHOTO 9:

Typilcal Mosaic breccia with cross-beds defined
by brecclas lying along the foresebts., Good
mineralisation coats quartzlite blocks.

Crackle Breccia when fragments can be nalfcned
together apgain, Minerallsatlion lives
fractures.

Ripple marks in Whyalla Sandstone. 12 km
aouth of the Mine,
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from tiny chips {(less than 3 mm in length) to fragments
up to 40 cm long. Some rounding of tabular clasts does

oceur, 1ndicatihg trapsport or abrasion of blocks.

Breccla with clay matrix:

The clay bhas identical mineralogy
to the quartzite clastg. Tt consists of guartz gralns
and a kaolinite ground mass. Quartz grains are not parti-
cularly rounded, have occasional overgrowths and are
derived from the quartzlte. Mineralisation 1is lrregular

and can occur as a rich matrix cementing clasts together.

Breccia with Whyalla Sandstone matrix:
This is NOBTON'S residual breccila
corresponding in position to a basal conglomerate. Oftev

cemenbing the rounded grains is sulphide minerallsation

of chalcocite wilth lesser amounts of bornite, covelllte

and pyrite. Where mineraligation is abgent, the cementing
medium is the silt that occurs on herizontal laminatlions
characteristic of the Whyalla sandstone at the Catbttlegrid
deposit.

NATURE OF BRECCIATION

Considerable debate hag arlsen
ag to the cause of layers of broken rock called breccia.
More importantly, mineralisation is often assoclated with
structurally-complex geology of whlch brecclated sequenees'
form a major part, Some workers, e.g., BRYNER (1961),
have even suggested that the brecclag were produced as a
result of mineralisation.

- The theorles for the formaticn
of the breccliated upper Pandurra Formatlion quartzite can
be grouped under three headings:

1) Sedlmentary Brecciation, formed by lithification of
gscree or talus, by desiccation durlng sedimentation
and by slumping during lithification;

2) Endolithic Brecclation, brecclated due to forces
wlthin the lithosgphere due to intreoduction of fluilds;

3) Tectonic Brecclation, formed by folding, faulting and
forceful intrusion.



3.112

23.

Those relevant to Mt. Gunsgon

lnciude:

SEDIMENTARY 1) Talus Breccia 1) Derived from a fault
scarp or cliff where
clagts accunulated
ag a scree;

11) Iandglide Breccia;

2) Brecciation due to Geocryology, l.e., the
break-up of the quartzite by the action
of ice as in a pernafrost reglon;

3) Bajada PBreccia -- rock waste due to mecha-
nical erosion and aggregated by Iinter-
mittent streams;

L) Regolith Brecela -- that produced through
a normal weathering cycle;

ENDOLITHIC 5) Chemical Brecciation;

6) Solution Brecciation;

TECTCNIC 7) Bedding fault brecciation

SEDIMENTARY

It is unlikely that the Cattlegrid
Breccia 1s a Talug Breccia, Unlike talug breccias, the
Cattlegrid Breccla occurs as a predominant covering
throughout the open~cut and was algo observed 10 km south
of the mine. It is rarely greater than 3 m thick (Fig.3), -
being quite uniform thickness at about 1.9-2.5 m. DNo
stratification wag observed, and although faults occur 1in
the mine, the breccia 1is often spatlally unrelated to
faulting (Fig.4). No relationships were observed that
suggested a talus deposit adjacent to a hill slope
(F1g.3).

Accumulations of coarsge detritus
on level surfaces have been termed "block{leldsg", and the
processes producing them are connected with the freeze-~
thaw environment (EMBLETCON and KING, 1975). They are
characterised by coarse angular blocks of local material
or rock debris from more distant sources brought in hy
glacial ice. The Cattleprid Breccila includes both angular
to sub-rounded quartzite fragments not usuwally greater

than 30 cm long, and averaging 15 cm. The assoclation of
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angular and sub-rounded forms is net unusual in freeze-tha.
environments, DERBYSHIRE (1972) arguss that the conjunc-
tion of the two 18 explained by local differences in the
micro~climate. Some rounding may be due to wind abrzgzion,
chemical weathering, or even trangport during times of
stream-flow. In the case of the Pandurre quartzit., tre
blockfield could have resulted from the frost shattering

of the well-jointed and well-bedded rcck. Hownver, the
presence of an abundant clay matrix and the presence of
the fine-gralined fragments and chips causss & preblem as
these propertles are not present in today's blockficlds.

Wide slopes of rock waste ar~ not
restricted te the cold climates. Arid, warm reglons com-
monly produce arcas of angular to sub-rounded fragments
called "bajada", or, more recently, gibber plairs. The
fragments have been detached by mechanical weathering,
but unlike other sub-zerial breccias, the bajada has been
aggregated by intermittent streams and some degree of roun-
ding 1s present. The matrix of the bajada consists of the
firer gtream wash and of dust and sand contributed by the
wind., It 1s imperfectly stratified, with bedding cften
local and i1ll-defined with unsorted beds passing vertically
and horizontally into those well-gorted. Anclient brecclas,
as with other types discussed, are not necessarily assocl-
ated with the buried uplands which supplied thelr waste.
Such elevationsg may have been destroyed by later denudatior

Most reported anclent bajadas,
e.g., Permian breccias of the Midlands, England, are wedge-
shaped though of a much larger scale than the talus breccl2
Some, being more than 200' thick at ore end, thin out with-
in four te eight miies.

One of the reasong Figure 3 was
constructed was to observe any change in the thickness of
the breccila, and whether this change was related to the
topography of the Pandurra palaeo-surface. If the Cattle-
grid Breccia wag a product of weathering, 1t was hoped to
show an increase of breccia thickness in troughs of the
palaeco-surface where weathering would be strongest and
brecclas would have concentrated, after moving downhlll.
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However, no such relationship was observed although
breccia thickness did rarely decrease on topographic highs
of the Pandurra palaeo-surface (Fig.3)., Presumably the
marine transgression represented by the Whyalla Sandstone
eroded away much of the loose brecciasg,

The Cattlegrid brecclila 1ls alsc
considered to be due to a normal weathering cycle. The
guartzite blocks are now cemented by a sllt-znd-clay
matrix derived from the weathering of the fragments them-
selves,

ENDOLITHIC

SAWKINS (1969) suggested a Chemlcal
mode as a means of breccia formation, FHe concluced that
brecciation 1g thought to be related to "exransive crac-
king of chert during emplacement of mineralisation",
resulting in crackle brecclation {mentioned above). At
the Cattlegrid, the quartzite is the possible exransive -
phage ag the pregence of chert 13 only trace. However,
in areas spatially separated from the open-cut, both types
of breccla, l.,e., Cattlegrid and mosalc breccla were ob-
served, unmineralised. Crackle breccla was pregent in the
open cut (Photo B8), but several instances portrayedi the
fractures lined with clay and silt,

RIDGE (1968) suggested a collanse
mechanism for brecciatlion in Mississippi Valley-type
deposlits. He considered that forces generated during down-
setting of beds accompanied solution-thimming of underlying
units. However, at the Cattlegrid, the host lithology bto
any solution-thinning is quartzite and not carbonate as
in Ridge's examples, and the brecclatlion does not occur as
in a cave-in habit, Secondly, the fine-gralned texture
of some of the fragments is hard to explain by a collapse
mechanism, Thirdly, the isometric diagram constructed
from drill logs does not support sclutlon-thimnning as a
means to brecciation (Fig.3).

TECTONIC
The Cattlegrid Breccia could have

been developed by the lateral movement of the quartzite
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mass along bedding faults or decollément surfaces.

YPMA (pers.comm.) has suggested that the disorientated and
sometimes rounded Cattlegrid Breccia is the result of
movement along such & surface, Bvidence for movement

along the clay band has already been mentloned.

According to YPMA, movement along
the clay band and possibly other surfaces was initiated
by very dense brines (thelr presence has been conf irmed
by a fluid-inclusion analysis, dlscussed later), creating
a buoyancy effect. Upcomlng dense brines were chammelled
into the Pernatty Culmination, and pore and fracture pres-
sures began to rise. Confinement of the flulds to the
fractured and permeable guartzite by the overlylng poorly-
sorted Whyalla Sandstone enabled pore pressures to appro-
ximate lithostatic pressures. JInstability of the quartzite
mags was initiated, followed by sliding and slumping along
decollédment surfaces, for example, the clay band. Brec-
clation of the quartzite resulted and the grinding of
fragments together enabled the rounding of blocks to occur.
Attrition of quartzite fragments togebther created the
clay and silt whilch now cements fragments together.

Extension effects were obgserved
(Photo 10) suggesting tensional phenomens, in accordance
with sliding. Compressional features, e.g., anticlines
and nelghbouring synclines and crushing, were not seen.
However, such compressional effects are not necessarily
strong when referring to slides or movement along a decol-
1ément surface. Faulting is common (Fig.4) with some rare
low-angle reverse faults recorded, while mapping of faces
at the mine revealed inexplicable dlsappearances of the
clay bvand,

MOSATC BRECCIA

The Mosaic breccia ig considered
to be the result of a normal chemical weathering cycle
such as that agsociated with a regolith, Upon mild tec-
tonic activity, the quartzite fractured along planes of
weakness emphasised by the weabhering cycle, e.g., bedding
and preferred orientations of grains along bedding planes.
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The breccis is not considered to be the result of geo-
cryology, as the "in situ" blocks are not irregularly

broken up and shattered, as might be suggested with the
successive freezing and thawing of lce.
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CHAPTER IV: DESCRIPTION AND GENESIS OF STRUCTURES

TEPEE-LIKE STRUCTURED

Anticlinal structures up to b m
nigh were observed. Mineralisation was very good 1in the
flanks and axis of the structures, They were always ob-
gerved in the mosaic breccia in the upperwmost Pandurra
Formation. They varied from 55 cm to 4 metres high and
from 35 cm to 3 m wide. A typical structure lles on flat-
bedded quartzite, and in the basal central area of the
structure a small anticline may be visible. Thils fold
gradually increases in amplitude in successively overlying
beds until the quartzite clasts have brittlely fractured
or become wedged apart. Bedding can be traced across the
structure, indicating no displacement by fault movements.
Bedding continues to incline upwards, resulting in an anti-
cline resembling an Indlan tent, or tepee. Occasionally,
bedding becomes overturned. The structures are always
symmetric with equal dips on elbher side of the anticlinal
atructure. One example did show some degree of agymmetry

where one side had been pushed over to one side (Plate L),

The bedding of the anticlinal
structures 1s always brecciated in a manner typlcal of the.
mogaic breccia., Spaces between clasts in 1limbs of anti-
clines are abundant. Brecciation has preceded anticlinal
development. If it had post-dated the folding eplsode,
blocks would tend to lie flush against each other.

Iying immediately above antliclinal
gtructures was the Cattlegrid Breccla. Due to the chaotic
nature of this breccla, it was not possible to determine
if any disturbance had affected 1ts deposltion, e.g., up-
ward injections of water from the anticlines. However,
TONKIN (pers.comm,) has noted the presence of quartzite
brecciag "splaying out" above the tepees and now "floating"
in a Whyalla sandstone. Others were truncated by the
disconformity with the overlying sandstone removed by
mine equlpment, as the disconformity represents "top of
ore". 1In one example (Plate 3), the tepee was "breached"
and wag filled with vertically-bedded Whyalla Sandstone,
mineralised along several bedding planes. Anticlinal



PHOTO 10:

PHOTO 1l1:

PHOTO 12:

Extension effects in brecclag, perhaps due
to tensional forces assoclated with lateral
movement.

Folds in landglide, Note large quartzite
blocks floating in chaotic mixture of
sandstone and guartzite. Iocation: MHMNine.

Tepee-like anticline located 12 km gouth
of mine site.
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from tiny chips (less than 3 mm in lengbh) to fragments
up to 40 cm long. Some rounding of tabular clasts does

occur, indicatlng Lransport or abrasion of blocks.

Breccla with clay matrix:

The clay has identical mineralogy
to the quartzite clasts. It consists of ouartz grains
and a kaolinite ground mass. Quartz grains are mnot parti-
cularly rounded, have occasional overgrowths and are
derived from the quartzite. Minerallsation 1ls irregular

and can occur as a rich matrix cementing clasts together,

Brecels with Whyalla Sandstone matrix:
This ig NORTON'S residual breccia

corresponding in position to a basal conglomerate. Often

cementing the rounded grains is sulphlide minerallsatilcn

of chalcocite with lesser amounts of bornite, covelllte

and pyrite. Where mineralisation 1s absent, the cementing
medium 1s the silt that occurs on horlzontal laminations
characteristic of the Whyalla sandstone at the Cattlegrid
deposit.

NATURE CF BRECCIATION

Congiderable debate hasg arisen
as to the cause of layers of broken rock called breccia.
More importantly, mineralisation is often assoclated with
structurally-complex geology of which brecciated sequences
form a major part. Some workers, e.g., BRYNER (1961),
have even suggested that the brecclag were produced as &
regult of mineralisation.

The theories for the formation
of the brecclated upper Pandurra Formatlon quartzite can
be grouped under three headings:

1) Sedimentary Brecciation, formed by lithification of
gcree or talus, by desliccation during sedimentation
and by slumping during lithification;

2) Endolithic Brecclation, brecciated due to forces
withln the lithosphere due to introduction of fluids;

3) Tectonic Brecciatilon, formed by folding, faulting and
forceful intrusion.
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Those relevant to Mt., Gunsgon

include;

SEDIMENTARY 1) Talus Breccia 1) Derived from a fault
gcarp or c¢liff where
clagts accumulated
ag a scree;

11) Tandslide Breccia;

2) Brecciation due to Geoecryology, il.e., the
break-up of the quartzite by the action
of ice as in a permalfrost reglon;

3) Bajada Breccia -- rock waste due to mecha-
nical erosion and aggregated by inter-
mittent streams;

) Regolith Breccia -- that produced through

: a normal weathering cycle;

ENDOLITHIC 5) Chemical Brecciation;

6) Solution Brecciation;

TECTONIC 7) Bedding fault brecciation

SEDIMENTARY

It is unlikely that the Cattlegrid
Breccia is a Talus Breccia., TUnlike talus breccias, the
Cattlegrid Breccla occurs as a predominant covering
throughout the open-cut and was also observed 10 km south
of the mine. It is rarely greater than 3 m thick (Fig.3}, -
being quite uniform thickness at about 1.9-2.5 m. DNo
stratification was observed, and although faults occcur in
the mine, the breccia 1ls often spatially unrelated to
faulting (Fig.4). No relationships were observed that
suggested a talus deposit adjacent to a hill slope
(Fig.3).

Accumulations of coarse detritus
on level surfaces have been termed "blockflields", and the
processes producing them are connected with the freeze-
thaw environment (EMBLETCN and KING, 1975). They sare
characterised by coarse angular blocks of local material
or rock debris from more distant sources brought in by
glacial ice. The Cattlegrid Breccla includes both angular

to gsub-rounded quartzite fragmeunts not usually greater

than 30 cm long, and averaging 15 cm. The assoclation of



angular and sub-rounded forms 1s net unusual in freezo-tha.
environments. DERBYSHIRE (1972) arpuss that the conjunc-
tion of the two 1s explained by local differences in the
micro-climate. Some rounding may be due to wind abrazsion,
chemical weathering, or even trangport during tlmes of
stream-flow. In the case of the Pandurra guartzite, the
blockfield could have resulted from the frost shattering

of the well-joilnted and well-bedded reck., However, tne
presence of an abundant clay matrix and the presence of
the fine-gralned fragments and chips causes a problem as
these properties are not present in today's blockflields.

Vide slopes of rock waste ars not
restricted to the cold climates. Arid, warm reglons com-
monly produce areas of angular to sub-rounded fragments
called "bajada", or, more recently, gibber plains. Tho
fragments have been detached by mechanical weathering,
but unlike other sub-zerial breccias, the bajada has bLeen
aggregated by intermittent streams and some degree of roun-
ding 1s present. The matrix of the bajada consists of the
firer stream wagh and of dust and sand contributed by the
wind. It is imverfectly stratified, with bedding often

¢ local and 1ll-defined with unsorted beds passing vertically
and horizontally into those well-gorbted., Anclent brecclas,
as with other types dlscussed, are not necessarily assocl-
ated with the buried uplands which supplied thelr waste.
Such elevations may have been destroyed by later denudatlor

Most reported anclent bajadas,
e.g., Permlan breccias of the Midlands, England, are wedge-
shaped though of a much larger scale than the talus breccles
Some, being more than 200' thick at one end, thln out with-
in four to elght miies.

One of the reasons Filgure 3 was
L constructed was to observe any change in the thickness of
the breccia, and whether this change was related to the
topography of the Pandurra palaeo-surface. If the Cattle-
grid Breccia was a product of weathering, it was hoped to
show an increase of breccia thickness in troughs of the
palaeo-surface where weathering would be strongest and
brecclas would have concentrated, after moving downhlll.
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However, no such relationship was observed although
breccla thickness did rarely decrease on topographic highs
of the Pandurra palaeo~-surface (Fig.3}. Presumably the
marine transgression repregented by the YWhyalla Sandstone
eroded away much of the loose breccias.

The Cattlegrid breccia 1s alsc
considered to be due to a normal weathering cycle. The
quartzite blocks are now cemented by a silt-and-clay
matrix derived from the weatherling of the fragments them-
selves.

ENDOLITHIC

SAWKINS (1969) suggested a Chemical
mode as a means of breccila formation. He concluéed that
brecciatlon is thought to be related to "exransive crac-
king of chert during emplacement of mineralisation",
resulting in crackle brecciation {(mentioned above). ~t
the Cattlegrid, the quartzite 1s the possible exiapsive .
phase as the presence of chert is only trace. However,
in areas spatlally separated from the open-cut, both types
of breccila, 1l.,e.,, Cattlegrid and moszalc breccla were ob-
served, unmineralised. Crackle breccla was present In the
open cut (Photo B8), but several instances portrayed the
fractures lined with clay and silt,

RIDGE (1968) suggested a collanse
mechanism for brecciation in Mlsslssippl Valley-type
deposits. He considered that forces generated during down-
setting of beds accompanied solution-thimming of underiylng
unitg. However, at the Cattlegrid, the host lithology to
any solution-thinning i1s quartzite and not carbonate as
in Ridge's examples, and the breccliation does not occur as
in a cave-in hablt. Secondly, the flne-grained texture
of some of the fragments i1s hard to explain by a collapse
mechanism, Thirdly, the igometric diagram constructed
from drill logs does not support solutlon-thinning as a
means to brecciation (Fig.3).

TECTONIC
The Cattlegrid Breccla could have

been developed by the lateral movement of the quartzite
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mass along bedding faultg or decollément surfaces.

YPMA (pers.comm.) has suggested that the disorientated and
somebimes rounded Cattlegrid Breccia is the result of
movement along such a surface. Evidence for movement

along the clay band has already been mentloned.

According to YPMA, movement along
the clay band and possibly other surfaces was initiated
by very dense brines (thelr presence has been conflrmed
by a fluid-inclusion analysis, discussed later), creating
a buoyancy effect. Upcoming dense brines were channelled
into the Pernatty Culmination, and pore and fracture pres-
sures began to rise. Confirement of the flulds to the
fractured and permeable quartzite by the overlying poorly-
sorted Whyalla Sandstone enabled pore pressures to appro-
ximate lithostatic pressures. Instablility of the quartzite
mass was initiated, followed by sliding and slumplng along
decollément surfaces, for example, the clay band. Brec-
ciation of the quartzite resulted and the grinding of
fragments together enabled the rounding of blocks to occur,
Attrition of quartzite fragments together created the
clay and silt which now cements fragments together,

Extension effects were observed
(Photo 10) suggesting tensicnal phenomena, in accordance
with sliding. Compressional features, e.g., antlclines
and neighbouring synclines and crushing, were not seen.
However, such compressional effects are not necessarily
strong when referring to slides or movement along a decol-
lément surface. Faulting is common (Fig.h) with some rare
low-angle reverse faults recorded, while mapping of faces
at the mine revealed inexplicable digsppearances of the
clay band.

3.12 MOSATC BRECCIA

The Mosaic breccia 1s considered
to be the result of a normal chemical weathering cycle
such as that assoclated with a regolith., Upon mild tec-
tonic activity, the quarizite fractured along planes of
weakness emphasgised by the weathering cycle, e.g., bedding
and preferred orientalbions of grains along bedding planes.
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The breceia is not considered to be the result of geo-
cryology, as the "in situ" blocks are not irregularly

broken up and shattered, as might be suggested with the
successive freezing and thawing of 1ice,.



CHAPTER 1IV: DESCRIPTION AND GENESIS OF STRUCTURES

TEPEE-LIKE STRUCTURES

Antielinal structures up to b m
high were observed., DMineralisatlon was very good in the
flanks and axis of the structures. They were always ob-
served in the mosalc breccia in the uppermost Pandurra
Formation. They varied from 55 cm to 4 metres high and
from 35 em to 3 m wide. A typlcal sbtructure lies on rlat-
bedded quartzite, and in the basal central area of the
structure a small anticline may be visible. This fold
gradually increases in amplitude In successively overlying
beds until the gquartzite clasts have brittlely fractured
or become wedged apart. Bedding can be traced across the
structure, indicating no digplacement by fault movements.
Bedding continues to incline upwards, resulting 1in an antl-
cline resembling an Indian tent, or tepese. Occasionally,
bedding becomes overturned. The structures are always
symnetric with equal dips on either side of the anticlinal
structure. One example did show some degree of asymmetry

where one side had been pushed over to one slde Plate b)),

The bedding of the antliclinal
structures 1s always brecciated in a manner typlcal of the.
mogaic breccla, Spaces between clasts in limbs of anbi-
clines are abundant. Brecciation has preceded anticlinal
development, If it had post-dated the folding epilsode,
blocks would tend to lie flush agalinst each other,

ILying immediately above antlclinal
gtructures was the Cattlegrid Breccia. Due to the chaolic
nature of this breeccla, it was not possible to determine
if any disturbance had affected 1its deposition, e.g., up-
ward injectlons of water from the anticlines. However,
TONKIN (perg.comm.,) has noted the presence of quartzite
brecciag "splaying out" above the tepees and now "floating"
in a Whyalla sandstone. Others were truncated by the
disconformity with the overlylng sandstone removed by
mine equipment, as the disconformlity represents "top of
ore". In one example (Plate 3), the tepee was "breached"
and was filled with vertically-bedded Whyalla Sandstone,
mineralised along several bedding planeg. Antleclinal



PHOTC 10:

PHOTO 11:

PHOTC 12:

Extension effects in brecclag, perhaps due
to tensional forces associated with lateral
movement.

Folds in Iandslide. Note larpge quartzite
blocks floating in chaotic mixture of
sandgstone and quartzite. Location: !Mine.

Tepee-like anticline located 12 km south
of mine site.
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a)

DESCRIPT'ION OF PIATE 3:

Whyalla Sandstone tongue in Cattlegrid Breccia. The
flat undisturbed bedding above the tongue could reflect
an erosional Interval,.

large sandstone wedge bounded by upturned and overburmned
breceias. Tater lateral movement has probably increasged
the angle of bedding to near vertical within the wedge,

Injection of quartzite blocks along the clay band. Note
contortions in upper left of drawing,

Tepee-like anticline to the left of sandstone wedpe.
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structures are not restricted to the mineraliged ore hody
(Photo 12). Here, approximately 10 km south of the mine,
along strike of the Pernatty Culmination, the structures
(three were found within an area of 50 m?) were filled
with a clay matrix, similar to that described for the
Cattlegrid breccia, Thelr dimensions were less, never
greater than 1.5 m high.

SANDSTONE WEDGES

These were seen at the Pandurra
Formation--Whyalla Sandstone disconformity and intruding
downwards into the Cattlegrid Breccia or Tenslonal Breccla,
They were always wedge-shaped (Plate 4). They ranged in
width from 40 cm to 2.2 metres at the top and between
85 cm to 1.9 m long. They were infilled by vertically-
bedded Whyalla Sandstone, occaslonally minerallsed, and
containing the well-rounded spherical quartz grains. This
fact probably assisted the sandstone's ablility to flow in-
to the wedges,

Quartzite clasts have been incor-
porated into the wedges and are lying parallel to bhedding
within the wedges, viz., sub-vertically. Dlverging of
bedding around quartzite obstacles within the wedge walls
occurs (Plate 3), while some infiltration of sand grains
occurred through the quartzite fractures (Photo A3.).

A1l wedges, in becoming ‘uarrower
at the bottom, possessed a basal tall. In this taill, the
percentage of silt markedly increased at the expense of

sand grains.

QTHER STRUCTURES

Other structures observed Included
several anticlines resembling those seen at the base of
many tepee-like structures. They were only anticlines
and not accompanying synclines, amplitudes of 40-60 cm
and half wavelengths of up to 1 metre, Bedding above antbi-
clines returned to horizontal. A palaeolandslide was
observed, with large quartzite blocks "floating" in a
chaotic mixture of breccia and Whyalla Sandstone. Parts
of the slide were contorted into recumbent folds reflecting
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the slide colliding and piling up into the valley (Thoto
11). Bordering the slide was the original hillside in
which the slide moved down,

(Plate 3c¢) shows an unusual in-
jection of breccia along a clay band, while contortions of
bedding in the left-hand cormer of the diagram suggest
pushing up of the block against the discontinuity in the
centre of the dlagram.

A glump of sandstone into the
Cattlegrid breccia is shown in (Plate 3 ). This sbtructure
reflects two periods of deposition for the Whyalla Sand-
stone separated by an erosional Interval. Beddihg in the
slump is sub-veritical and overlain by horizontal bedding
showing mo signs of slumping downwards. If this is the
case, mineralised bedding 1s also vertlcal and horizontal,
suggesting two periods of mineraligsation, one before and

one after the erogional interval,

Sand dykes, with parallel sides,
also Intrude down through the Cattlegrid Breccla from the
overlying Whyalla Sandstone. This structure, 2 m long, 1is
not vertical but curves around, as 1t intrudes deeper inlo
the Breccia. Bedding made up of Whyalla sandstone is
vertical and quartzite fragments have been removed from
the bordering breccla and now "float" in the sandsbone
dyke. Mineralised bedding is also verltical while the mi-

neralisation in the surrounding breccia is poor (Photo AZ)

INTERPRETATICN

Tepces have been well documented
in the literature. Many theories have been suggested for
their formabtion. ASSERETO and KENDALL (1977) listed six
theories for theilr formation, of which three can be dis-
regarded because they explain tepee formation in carbonate
lithologies or caliche soll.

Those theories relevant to tepees
observed at the Cattlegrid are:

A}
1) Tectonic thrusting and compresslon of beds of uncon-

golidabed sediment displaced by differentlal loading
or movement due to gravity. In this case, the clay



DESCRIPTTION OF PLATE 4

a) Jlsymmetrical tepee-like anticline with disturbed bedding.
The disturbed bedding on the right (containing Whyalla
Sandstone grains) is assumed to have resulted from slurp
movements along the clay band, causing water to be
ejected upwards into the cohesionless cuartzite, resul-
ting In the formation of the anticline., Intoral move-
ment to the right has possibly caused overturning of
brececlas, Another posslibility is that lateral movement
cauged the tepee-llke anticline itself where two colll-
ding blocks have deformed the brecclas into the anti-
cline. This reflects those ideas proposed by YPISL and
HEYL et al., (1959

b} HMNature of breccias in axls of anticline. The open frame-
work and abundant cavities and vughs (now filled by
mineralisation) does not suggest any compressional move-
ments, although In lateral sliding, no such features
need to be abundant,

c¢) Typical Ice or Sand Wedges. Note vertical and sub-
vertical bedding. They bear a strong resemblance to
those reported by BIACK (1976),
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band at the Cattlegrid deposit acted as the sLip“planes

I R

2) Tepees were caused by the lateral and vertical move-

ment of evaporites which have since been dissolved;

3) ASSERETO and KENDALL suggest they form by the expansior
of erystallising cements In the internal vores, jolnts
and fractures. When the crests of the buckled sedi-
ment were bLraced in plan, they intersected each other

to form an irregular polygonal plan;

4) DALGARNG {(pers.comm.) suggests tepees are due to water-

escape mechanlisms;

5)  Frozen-ground phenomena. When the ice melts, the quart
zite is fluldised and, according to differential pres-
sures of frozen and thawed ground and the differential
loading of overlying sediment, the brecclated beds are
forced upwards. Similar mechanisms produce involutlon:

seen in cold climates today.

Theories 2) and 3) are discounted
because the author believes that the presence of the sllty
clay, of similar composition to the quartzlite brecclas
seen in the unmineralised tepees, was incorporated soon
after deposition of the guartzite due to weathering and
that the later formation of evaporites or an expansive
cement that has since been removed, is consldered very
unlikely. Also, some tepees are over 3 m in helght, and
even show overturning. ASSERETO and KENDALL'S examples
rarely exceed 1,5 m in height, while those of SMITH (1974)

are measured in inches.

T. HAMMOND (Crade Control Officer
Cattlegrid Mine; pers.comn.) is of the opinion that the
tepees are of a generally point source, i.e., in plan,
they are circular. TONKIN and DALGARNO(pers.comm.) have
noted the presence of trails of quartzite fragments in
Whyalla Sandstone above some tepees., This would support
fluid escape via the axls of the tepees. In one structure
(Plate 4), the slump, assumed to be due to sliding along
the slipping clay band, caused water ejecblon and the
formation of the bordering tepees. However, overlying
strata is undisturbed and splaying out of the top of the
tepee wag not observed, The slump contained well-rounded
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quartz grains showing a lack of overpgrowths in thin
section and are probably Whyalla sand grains, If the
above hypothesis 1s true, tepes formation probably cccurrec

in Whyalla Sandstone times.

According to STHARNS (1966},
permafrost is defined as a thickness of soll or bedrock
at a varlable depth beneath the surface of the earth in
which temperature below freezing has continually existbed

for a long time.

Above the permafrost there may be
a zone in which temperature conditions vary seasomally.
This is the "actlive layer" and thaws cout when temperatures
rise sufficlently and refrecze in winter or 1n cold speclls
(or even vartly at night) to depths of above 3 m depending

on climate,

Unfrozen layers are known within
permafrost, and are termed "taliks", They may reflcct
former climatic changes or they may represent aquifers
containing water highly mineralised or under pressurc, for

Instance.

The anticlinal structures descri-
bed above are considered due to periglacial mass movemrent
processes. Frozen ground usually contalins ice to a volume
much greater than the volume of pore space. On melting,
the graing or blocks are separated from each other by
films of water, and the mass lacks cohesion. The perma-
nently~frozen ground prevents percolation of the water
downward and may even act as a slip plane. The term "gell-
fluction" 1s used to define the flow of a water-soaked
mass over the permafrost or seasonally-frozen sub-surface
layers. Gravity 1s assumed to be the motivating force.
Movement 1is extremely slow, around 2 cm per year due to
the low gradients., Oradients of the Pandurra palacosurface
are up to 3.50, calculated from the isometric dlagram,
Figure 3. Consglidering the lack of coheslon of the sediment
during times of thawing, these gradlients are sufficlent
to initlate movement.

BENEDICT (1970) showed a decreaslrg
of velocity of such movements with depth, Although such
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movement could have cauged breccistion and rounding,
brecclation is considered to be primarily the result of
pre-permafrogt activity — a bajada breccia (Cattlegrid
Breccia) grading down toa jointed and well-bedded mosaic
bedrock, subjected to weathering conditions. Iater, the
permafrost environmment, upon melting, perhaps at the time
of the Whyalla Sandstone overall transgressions, crealed
slippage movements and gelifluction. Removal by eroslon
of the breccia and structures by the incomlng ses was
only minor. Movement by gelifluction and the associzbted
decreasing of velocity with depth caused the spaces and
vughs within the bedrock leading to the disjolinted mosalc
breccia (Photo 6) and the cUrved clastic dyke mentioned

above.

The FPandurra quartzite is consi-
dered to have silicified before the onget of weathering
and brecciation. Silicification formed a closed system
that would promote pressure effects within the brecciated
quartzite upon melting of the active and tallik layers.
Unsilicified Pandurra Formation, for example, away from
the Pernatty Culmination, would not be able to build up
pressures necessary for movement. Water would escape via
pore-water expulsions. Hence, areas of ungiliclified
Pandurra Formation would probably be devold of these

structures.

The movement of the coheslonless
mags over the clay band and/or permafrost zone {gelifluc-
tion) initiated hydrostatic pressures that were set up
in layers and pockets of unfrozen material trapped between
the frozen talik and permafrost layers. An lmpermeable
and resistant surface, for example, the clay band or mag-
sive unbrecclated quartzite, could have the same effect
ag the permafrost or talik layers. These hydrostatic
pressures (termed cryostatic pressures in frozen ground
reglons) force water to be injected upwards, and, in so
doing, deform the brecciated qguartzite into tepee-llke
anticlinal structures. In the example, in Plate U4, later
movement along the glide plane caused an asymmetrical
anticlinal structure after the initial formatlion by water

injectlion.



The thickness of the overlylng
Whyalla Sandstone is considered to be minimal in corder
to allow water to be injected upwards and for pore and

fracture vressures to approximate lithostabic pressures,

YPMA has sugpested the anticlinal
structures are due to gravitational sliding along & decol-
lément surface after the initial ingtability was creabed
by dense brines causing excessive pore pressures (menbtlo-
ned earlier). In this case, the structures represent the
piling up of sliding masses agalnst each other. TONKIN
(pers.comm.) has noted the presence of the Cattlegrid ore-
body in a depression of the Pernatty Culmination., Hence,

such downhill movement 1s plauslblie.

Similar processes have been Dpro-
posed for the structures that control the maln zinc-ore
bodies in the Upper Mississipovl Valley zinc-lead district
(HEYL et al., 1959). In these mineg, the structures are
due to tectonic lateral compression, rather than gravity-
initiated movements, along a lubricating layer (Spechts
Ferry Shale member). Structures occur in synclinal areas
and result from compression directed primarily normal tc
the synclinal axls. By the continued compression of in-
competent beds, the formatlion of inclined faults origina-
ting from bedding-plane faults is induced. After continuec
compression, reverse fault palirs dipplng toward the anti-
clinal areas of the syncline create "ramp-type grabens”
and the eventual arching up of incompebtent beds Into small
antlclines.

In the cage of the structures
observed at the Cattlepgrid Mine, slumping {(according to
YPMA) has resulted in similarly-formed sbructures.

Problems associated with thisg
hypothesis include the lack of low-angle reverse faults
observed at the mine (Fig.4) and agsoclated drag syn-
clines, as in the account given by HEYL et al.

This idea can explaln many of
the structures obgerved. For example, the asymmetrical
anticline in Plate 4 could have occurred by movements
along a glide plane without invoking a periglacial climate.
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Similarly, the sand wedges (Plate U4), extension of brec-
ciag (Photo 10) and structures in Plate 3 could be ex-
plained by these movements. Moat clastic dykes in the
literature, due to lateral or fault movements, are dyke-
shaped, l.e., parallel vertical sidesg and not wedge-
shaped. Those at the Cattlegrid show a striking simiia-
rity to ice wedges reported by BILACK (1976); WASHEURN
(1980).

SANDSTONE WEDGES

ost of the wedges in the litera-
ture are initiated by thermal contraction of the permafrost
and active layers which open vertical cracks, polygonal
in plan, to which ice or sand arc added (EMBLETON and
KING, 1975) (BLACK, 1976). Continual contractlon leads
to the deposition of more ice and the lateral growth of
the wedge.

Ice and sand wedges refer to the
formation in different environmments. In the former, the
wedge, upon contraction of the ground and a crack deve-
loping, is infilled by ice and developed by the 1ce expan-
ding. Upon melting, sand is infilled. In sand wedges,
however, no ice is invoked. In fact, sand wedges form
today in cold, dry climates. BLACK (1976) lists criteria
for differentiating between the two. The wedges at the
Cattlegrid, due to upturning and downturning of ad jacent
walls bordering the wedges, the inference that water was
available and the assumption that other permafrost features
were present (anticlinal structures), are thought to be
ice wedges.

: From Figure 9 1t was hoped to
obgerve any pattern in the plan of wedges. In the litera-
ture they form polygonal networks, but the distance
between mapped faces due to mining methods, has made this

exercise inconclusive,

These wedges are considered to
have resgulted from tensional fractures upon movement by
gelifluction. Tensional fractures, once initiated, would

subsequently have been expanded by ice accumulation In
times of sub-zero temperatures., Upon melting, infilling
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by the overlying Whyalla Sandstone occurred. ILater,
continued gelifluction along slip planes would tend to
increase the angle of bedding in the wedges. Due to
requirements of gravity, bedding planes cannot exceed 300
from the horizontal in these wedges, assuming a gradual
filling of the wedge. Such 1s the case in Plate 3B,
Later movement of the brecciated mass hag pushed bedding
to very high angles. In Plate 3D the neilghbouring tepee

structure has increased the bedding angle to near vertical.

COPPER CGRADES AND STRUCTURES

Figure 9 showg the spatial dia-
trivution of faults, tepee-like anticlines and sand
wedges, for most of the mine., Due to gpace requirements,
face correlations and hence, location of gbructures, was
not attempted west of 1line 703250 E.

ts already mentioned, ice wedges
today form polygonal netwerks in plan view. Similarly,
many tepees described (ASSERETC and KENDALL, 1977; SMITH,
1974 ; DIONNE, 1975) form polygonal nebtworks. Unfortunately
due to mining methods, such observations are not possible

due to the digtance between succesgsive faces of the mine.

Although only a few faults could
be recognised, those drawn do form possible conjugate
palrs, striklng in North-westerly and North-easterly di-
rections. The overlylng Copper Orades Conbour map, whlch
was conmpilled by contouring Grade-conbrol Block dlagrams,
also shows this preferred orientation in the two directions
Mineralisation, therefore, has been iInfluenced by these
directions, although whether the mineralising fluids moved

via these faults ls uncertain,
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CHAPTER V: FIUID INCIUSION STUDTIES

Flulé-inclusion studles woere
attempted on guartz crystals obtained from mineralized
vughs and fractures within the tornsional and Cattleerid
brecclas at the Cattlegrid Fine.

The inclusions, beins cultbe
minute, were filled with a colourless licuid and a gas-

phage, Solld phases were not observed.

The crystals were subjected to
freezing and homogenlzaticn temperatures., Graph 1 shows

the results obtained.

Final Velts approximated —BIOC,
while first melts peaked at -SQOC. Unon freezing hydro-
halite (NaCL2H20), euhedral crystals formed (Photo (3 ).
They all disappeared before 49°C. The presence of uyiro-
halite Indicates salinity of NaCl of at least 27,

The first melts indicate that
additlional salts are required besides ¥aCl-KCl. The tem-
peratvre of the lowest eutectic is —22.30C for thls
system. In the system CaCl and YaCl, for a minimum of
2% NaCl, the minimum temperature of -52°C 1s achlevad,
corresponding to 30 wt.% CaCl,

The addition 6f Mg will decreaga
the eutectic st111. (SIEDALI, 1940) quotes the eutectic
temperature for the system CaCl,-NaCl-H,0 at -52°C, and
for the system CaCl,-NaCl-MgCl,-H.0 at -58°C., Hence,
salts should Include predominantly CaC%z at the most
5 wt,% NaCl + KC1 and a little NgCEr

Homogenlization temperatures ranger
from 121°C to 148°C. CREELFAN (1974) noted the presence
of "X bornite" ores from the ILagoon orebodies., It has
about one-half of one percent excess sulphur, and is for-
med only at low temperatures (YUND, 1965),

The salintty of these brineg (at
least 30 wt. ¥ CaC12 and 27 NaCl) incicates concenbrations
much higher than anything now found at the earth's surfare.
The density of such brines 1s alsce extremely hilgh, approxl-
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mately 1,5 gm/cc.

TEACH ANALYSIS

Fluld incluslons were crishord
and opencd by ball-milling. Tho nrocedure ls dascribad
in Appendix TI. Five leaches were complabed, and samples
meagured by flame photometry. Table Al summarises roe-
sults obtained, Calecium obtained from the first crushing

greatly exceeded other ions, viz., ta, F.

ROEDDER (19673) noticed bthalh flul
inclusions in a hanblende schist wall rock in Mew Fexlicoo
showed exceedlngly strong brines with the lowest filrst
and he beliasved tLhe

deposit to be genebically related to a pegmatito.

melting temperatures (-58°C § 2°)

HALL and FRIEDMAMN (19673}, on Lhe
change in compositions of fluld inciuslong 1n labee aunrts
and sulphide minerals from Cave-in-Hock, a Mississippl
Yalley~type deposit, suggested waters coming from o
different origin, possibly magmatic, from that which for-
med the earltier crystals assumed to bo of cormnate wilsrs.
The later inclusions had hlgher Ca/i, ¥/Na, Fp/ta,

C1/Na ratios than the earller crystals.

The homogenisation Lemperaburss
of around 13000 require either deep circulation of ori-
ginally cold surface waters or a contribution of heat by
the addition of magmatic waters. Under a normal geo-
thermal gradient (with no flow of water) depths of HOOO m
would be required for temperaturcs in the range of lBOOC.
However, fluids may be related to faulkbs (gee Filg.9 and
previous section). Cu grade does not seem to be related
to faults at allll

Comparable compositions of fluid

inclusions are known in natural waters of only two typos:

1} brines and comate waters which have derlived thelr
content of salt by diagenesis or leachlng of evaporlte
deposits ~- hypersaline formatlon waters. Howaver,
the preosence of excess Ca seems a problem,

5} some deep oil-field brines (DAVIDSON, 1966), However,
these brines exhibit higher ¥p:Ca ratlos.



The amount of Ca recorded from
leach analysls' suggests that bthe minerallising solutions
are not cormate in origin, In fact, any waters that
have been derived from the surface of the earth are con-
sildered unlikely sources of the copper sulphldes, as
these flulds have high Ma and K lon content.

YPMA has suggesbed that dense
brineg derived from areas of high heat flow have rilsen
from within the earth's crust to be channelled into the
Pernatty Culmination. Such dense brines caused lnstabl-
1ity at the interface between the fractured dquartzlbe and
the overlying Whyalla Sandstone, and the formabtlon of
slump structures described earlier.

The comnate water associated with
Whyalla Sandstone was gblll present in the pore space,
The mixing of the dense and less deunse brines caused the
precipitation of copper sulphides (present in the upcoming
densge brines) at the Pandurra Formatlon-YWhyalla Sandstone
disconformity. The presence of brecclilasg and associated
structures without mineralisation indicates no contact

between the conmate brines and dense copper-bearing brines.
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SUMMARY AND CONCIUSIONS

Copper mineralisation at the
Cattlegrid Orebody is located at the disconformable con-
tact between the Pandurrs Formatlon and the Whyalls

Sandstone,

The Pandurra Formatlion, a
moderately well-sorted quartz arenlte, wag deposited in
a braided stream environment. Packing measurements sug-
gest that erosilon has removed a considerable thilckness of
the Pandurra Formation. Silicification of the grains,
accompanied by leisegang ring formation, occurred relatively
soon after deposition of the sediments within the upper
zones of the Pernatty Culmination.

Throughout the open-cut nmine
in the uppermost Pandurrs Formation, one or two thin len-
ticular clay bands are present, It is a moderately-sorted
clay of a gedlmentary origin, but the presence of roundsd
and fractured quartzite pebbles and fragments together
with other lines of evidence, e.g., clay intrusives into
fractures of overlying and underlying duartzite, displace-
ment of sand wedges, a notable decrease in compaction
and the preseunce of gtriations, suggest that lateral move-
ment along this layer hag occurred , To creabte such move-
ments, & high degree of instability must have been present
within the upper Pandurra Formation., Gradients of up to
1.5% at the mine do not suggest that movements due to
steep slopes could have been responsible. Rather, coheslon
of the quartzite mass heg possibly been reduced by the
introduction of fluids to initlate such sliding.

The upper Pandurra Formatlon is
highly jointed, fractured and finally, brecciated. The
Cattlegrid Breccia, a thin layer of disorientated and
sometimes rounded quartzite blocks, 1is considered to have
resulted from the breaking up and disintegration by a
normal weathering cycle of the Pandurra Formaltlon bedrock.
The underlying bedrock or the mosaic breccia has also
been developed through weathering. ILater mild tectonilc
activity hag fractured the quartzite along bedding planes

and other planeg of weakness emphasized by thls weatherling
cycle.
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The Whyalla Sandstone 1g a well-
rounded, often spherical, moderately-sorted subfels-
arenite., The pfesence of plagioclase in such a mature
gedlment indicates a dry or ccld climate to reduce chemi-
cal weathering. A grainsize analysis shows a bilmodal
distribution of sand graing, The presence of wave ripples,

“truncation of silty and sandy layers, together with a com-

parigon of South African beaches, suggest 1t also 1s a
beach sand. The textural inversion present in the Yhyalla
sandstone, together with syndepositional faultling associ-
ated with the rising Pernatty Culmination, suggest that
the Whyalla sandstone hasg been reworked by transgresglons
and regressions of the Whyalla Sandstone sea. Perlods of
emergence of the Culmination resulted in the ercsion of
intervening lithologies. The thickness of the proposed
beach sequence of the Whyalla Sandstone, before large-
scale cross-beds come into prominence, suggests several

transgressions and regressions make up the sequence.

Gelifluction (mass movement in
permaf'rost terrains) is congidered to be respongible for
the formation of tepee-like anticlines and lce wedges.
Cryostatic pressures (hydrostatic pressures set up by
frozen and thawed layers) initlated by lateral movement
along the clay band or permafrost layer created water in-
jections into the cohesionless quartzite to produce tepee-
like anticlines. Iateral movement also caused tenslonal
fractures, Iater, expangion by lce and, upon melting, in-
f11ling by the Whyalla-Sandstone, formed ice wedges. The
Whyalla Sandstone 1s congidered to have been of a mlnor
thickness to allow cryostatic pressures to approximate
lithostatic pressures, and for infilling of ice wedges to

ocour.

Gelifluction movements inltiated
by the melting of perennially frozen ground (permafrost )
is considered to have formed during the cold climatic
conditiong of the Marinoan glaciation at times of emergence
of the Pernatty Culmination. During & btransgressive phase
of the Whyalla Sandstone sea, cohesion of the origlinally

frozen upper Fandurra Formatlon and Whyalla Sandstone was



lost and movement along slip planes caused water-escape

tepee-like anticlines and sand wedges.

Two problems with this hypothesls

are evident:

1) The presence of a notable disconformity within the
Whyalla sandstone;

2) The preservation of the upper Pandurra Formation (and
structures). A later marine transgression would be
expected to remove much of the upper Pandurra Forma-

tion brecclas and associated structures.

YPMA suggested 1nétab11ity was
created by the Intreduction of dense saline brines (con-
firmed by fluid inclusion analysis), These brines created
buoyancy effects in the fractured quartzite, Pore pres-
sures were allowed to approximate iithostatic pressures
due to confinement by the Tregolana Shale. Wovements
were initiated along a decollément layer, Brecciation of
the quartzite by this lateral movement (already weakened
by an earlier weathering cycle) resulted in the formation
of the Cattlegrid Breccia., Sliding and slumplng also
produced sgtructures in a mammer similar to those mechanisms
proposed for the development of structures seen in the
Upper Mississippl Valley deposibsg. Here compressional
tectonle movements along the Specht Ferry Shale Member
initiated reverse faults across incompetent beds in syn-
clinal areas leading to the formation of anticlinal

gtructures,.

Fluid-Inclusion data suggest a
calcium-rich brine with minor amcounts of Na and K wag
regponsible for copper mineralisation., This omits connate
and surficiasl waters as a carrier of copper sulphildes
becauge these waters have considerably higher Na and K

contents.

Fluids, heated by deep-seated
sourceg, were channelled up into the Fernatty Culmination
during Whyalla Sandstone times., Upon the mixing of less
saline comnmate waters of the Sandstone with these denge

brines, copper sulphides were precipltated at the Pandurra
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Formation and Whyalla Sandstone disconformity. Sulphides
were not precipitated when the two brines did not come

into contact,



ly,

APPENDIX T: DESCRIPTIONS OF THIN SECTIONS

WHYALLA SANDSTONE

792-46 Hand Specimen:

Cream-coloured, coarse, modera-
tely-gorted sandstone. Specimen made up of leas than
1 cm thick sandy and silty alternate layers often merging
into one another or truncated by the overlylng layer.
However, layers are often flat-bedded and parallel to
each other.

Pebble horizon is also flat and
parallel to these layers. Pebbles are up to 1 cm long,
very well rounded, and lying with no imbrication. The
pebbles are situated in one of several gilty layers,and
in outcrop can be traced for up to 100 metres before dis-
appearing beneath rubble.

Quartz gralns, very well rounded,
gsometimes spherical, make up 80% of the rock. The silty
matrix surrounding them and forming the layerg makes up
20% of the specimen. The rock is friable as gralns can
be removed by rubbing of fingers along rock's surface.

Thin Section:
Texture:

A bimodal distribution of grain
sizes 1s evident. Sizes range from 1.5 mm to 0,03 mm 1n
diameter. The coarger population, from 1.5 mm to .25 mm,
with a median grain size of .75 mm, occuples 65% of the
slide, while the finer sizes, median diameter .08 mm,
represent 35% of the slide.

Coarser quartz gralns, rock
fragments and feldsgpar grains are very well rounded and
showing a high degree of sphericity. Filner fractious
are angular to sub-angular., Sorting is moderate.

The Pebble horizon {see text) 1is
also bimodal, with the coarser population extending to
pebbleg up to 3 mm in dlameter. It 1s well gorted with
coarger grains and pebbles well rounded. Pebbles are
ugsually composite gralns and probably derived from the
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underlying quartzite, as they are rimmed by lron-oxide
staining.

A texturally-inverted sandstone
1s therefore implled, with well-rounded gralns in a
poorly- to moderately-gorted sandstone.

Fabric:
The matrix is made up of small
( < .125 mm) angular to sub-angular quartz grains with
very minor ( < 2%) clay (probably illite).

The number and types of contacts
has been discussed in the text. The average number of
contacts per grain averages 2.78 and that over 15% of the
graing have 4 or more contactsg per grain, Of these, over
754 are either floating, tangentlal or long. Grains do
not ghow any degree of deformation by bending or fracturing

No orientation of long axes

or crystallographic axes was observed.

Mineral Compogition:

The Quartz-type (90%) is mainly
plutonic, but 10% of these are composite gralins, well

rounded and sometimes spherical. The plutonic-type
quartz shows straight extinction, and rarely, slightly
undulose extinction.

Potagh Feldgpar (2%) (confirmed
by staining) is also well rounded.

Plagioclagse (3%) An67 (labra-
dorite) is sericitised and well rounded, Both feldspar

types are of the smaller population grain size.

Bock Fragments (5%) include de-

vitrified volecanicsg contalining capillary structures.

Hence, coupled with the above-
ment ioned texturally-inverted sandstone, 1t is also a
sandgbone with a high degree of mineralogical maturity.

Orthochemical Minerals:

Quartz occurring as overgrowths
is almost abgent and, when present, is often rimmed by
iron-oxide staining guggestive of derivation from the
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underlying Pandurra quartzite. The overgrowths occur

as a thin-rim cement suggestive of having been worn

down during transport of the originally angular quartzite
grain,
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PANDUBRA FORMATION

Hand Speclmen:

A pink to red, coarse-grained,
well~-sorted ortho quartzite. Cementing material, aquartz
overgrowths, are recognisable, whlle a creamy~-coloured
clay cement occuples 10% of the rock, filling interstlces
between larger quartz grains. The amount of FeC staining
varles across bedding. Grading of quartz grains, desplte
overgrowths, 1s recognisable. The specimen hag broken
along one of these bedding planes. |

The rock has previously fractured
and copper sulphides have infilled the avallable spaces --
chalcopyrite and surrounding bornlte.

Thin Section:

Texture:

Detrital grains range 1n size from
.8 mm to .09 mm long, with a median size of .6 mm., It 1s
a moderately-sorted, angular to sub-rounded, dquartz arenlte,

Fabric:
Clay, kaolinite, occuples about
10% of the rock, filling interstices between gralns, Bare,‘
smaller quartz grains (legs than ,1 mm) make up the rest
of the matrix, and together they form a silty matrix of
15% of the slide.

The average number of contacts per
grain is 2,27, and over 20% of the grains have more
than three contacts. Of the types of grain contacts over
15% are eilther concavo-convex or subured, Some sections
showed up to 30% of grains had elther concavo-convex or
sutured contacts.

Orientation of crystallographlc
axis was observed (by addition of tint plate) in this
slide which was cut perpendicular to bedding. Other slides
cut parallel to bedding showed no such alignment,

Mineral Composition:

Quartz ($0%). Mainly plutonic
guartz grains showing straight or slightly undulose extinc-
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tion. 5% are composite grains, ILarge quartz gralns con-
tain inclusions of gericite flakes (approximately
0.01 x 0.01 mm).

Kaolinite (8%). Occurs in voids
and as coatings to longer gralns.

Zircon (2%). Is present as
euhedral graing with edges rounded. Crains are up to 0.4 mr
long.

No plagioclase or potagh feldspar
{as indicated by staining procedure) was seemn.

The slide therefore shows a high
degree of mineralogical maturity.

Orthochemical minerals:

Quartz overgrowths have caused
sub-rounded quartz gralins to become somewhat angular,
Original outlines of graing are marked by trains of fine
inclusions, clay and iron-oxide staining. Occaslonally,
smaller grains have become fused together to form single
larger gralns. Overgrowths occur in optical continuity.
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CLAY BAND

Hand Speclmen:

Poorly-sorted, red quartzite peb-
bles and grains (60%) cemented by a cream-coloured matrix.
Pebbles up to 8 ¢m long and often lath-shaped are sub-
rounded to rounded with smaller fragments having a decrea-
sing degree of rounding. Pebbles show a high degree of
shattering, and when removed from the matrix, the pebbles
easily break up along these fractures. No foliation of
clay is evident, while the quartzite fragments are ran-
domly orientated with no grading visible. Single auartz
grains are sub-rounded. Pyrite (5%) occurs as euhedral

grains (1 mm long) scattered throughout.

The hand specimen is very friable
and easily broken up. Upon the addition of water, the
clay becomes very sticky. With more water, the speclmen

eagslly breaks up and becomes slippery.

Thin Sectlon:

Texture:

Quartz grains vary from 2.9 mm to
.02 mm, are moderately sorted, from the grainsize analysls,
with a median size of 0.3 mm. Smaller graing (< 1 mm)
are angular while the 10% of grains that are longer than
1 mm show some degree of rounding.

Fabric:

Matrix (kaolinite and minute
quartz grains) make up 40% of the slide,and isolated
larger quartz gralns create a large proportion of floating
grains (85%). The remaining 15% of grains have less than
four contactg, and of these, no concavo-convex or subtured
gralns were seen. The degree of packing 1s irregularly
distributed, with contacts occurring in two or three areas

of the slide.

Mineral Compogition:

Quartz (50%) 1is similar to that

described in the massive quartzite, l.e., sub-rounded,
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except that overgrowths are almost absent. They are plu-
tonic and exhibit straight or slightly undulose extinction.

larger grains also contain gerlicite incluslons.

Kaolinite (45%), This clay is
abundant as filling of interstices and surrounding gralns.

FeO (24). Coats quartz grains in
certain areag of the slide.

Quartz Overgrowths (2%). VNot as

comnon as in the quartzite. Where they do occur, they
are irregularly shaped and are in optical continuity with
detrital grailns.

Pyrite (1%). Both anhedral and
euhedral hexagonally-shaped grains occur irregularly
distributed.




-
i

51.

APPENDIX I1

PREPARATION OF SAMPLES AND MILLS FOR GHEMICAL ANALYSIS

Only those quartz crystals found
In mineralised fractures and vighs were selected for
chemical analysis of thelr fluld inclusions. Crystals
welghing 0.5 grams were immersed in 5N Nitric Acid for
three hourg, filtered off, and allowed to stand.

In analysing for small amounts of
Na, K, Ca, in solution, contamination must be kept to a
minimum, The agate mill and zirconium ball used for lea-
ching were therefore immersed in 5N Nitric Acid also.
After three hours, the acid was drained away and the mlills
and ball were carefully washed in digtilled water. Before
commencing leaching, a blank reading of water and sample

gnd ball mill wag obtalned.

LEACH METHCD

To the 0.5 gram sample in the mill
was added 5 ml of distilled water. The mill and sample
and ball was then vibrated for 60 secs. The resultant
brine was then extracted (using a syringe) and Na, Ca, K
were measured using the Atomic Absorption machine, 1 ml
wag extracted and diluted to 10 ml for more accurate ana-
lysis on the AA., The remaining liquild was then extracted
and collected in & small flask. Another 5 ml of dlstllled
water was added to the sample in the mill and the process
was repeated. In all, five leacheg were carried out in
this way. Ieaching continued until it was comsidered that
crushing the quartz crystalg was not releasing any more
fluid from inclusions.

Table Al summarises the regults
obtained,




TARLE Al

Leach PP/ (In leachate)
No. Na,0 | CaO | Ky0 cl
1 29 36-0 65-1 230
2 1-5 21-4 2-2 251
3 2-1 2'9 2-4 10-0
4 2.9 4.3 4-4 7-1
5 52 | 5.6 | 2-8 7.2

Blank 02 ‘01 ‘02
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APPENDIX ITT

GRAINSIZE ANALYSIS, WHYALLA SANDSTONE

AVERAGE PER CENT

MINERALISED PEBBIE

DIAMETER (mm) 792-4EB LAYER HORTZON 792-26
Greater than 1.3 .63 —- 2.8 ——
1.3 -- 1.1 3.22 .85 - .36
1.1 -~ .92 3.84 1.62 - 3.97
92 - 775 h,02 5,74 .3 h.26
775 - 64 5,74 11.3 .27 7.25
B - 53 .63 13.57 .57 8,64
W53 -= W55 4,08 14 .3 .6 10.16
L5500 - . 375 6.38 Wb 1.7 5.9
375 -= .31 7.57 12.48 .83 8.83
31 -- .27 5.92 5.31 1.6 5.33
27 -= .23 h.92 L, Ol 2.7 2,51
.23 -= 195 3.17 3.17 3.27 2. 30
,195 -~ 165 3.48 3.08 h.3 1.81
165 ~-- 135 2.26 3.03 1.15 1.76
135 -- 105 3.77 .98 1.7 1.06
105 - 07 11.17 b 33.03 18.0&2
07 -- 035 27.6 2.1 5,26 17.6
legs than .035 .53 - - .11
100.5 1004 99.92  101.3



GRAINSIZE ANALYSIS, WHYALLA SANDSTONE_(CONT. )

AVERAGE PER CENT

DIAMETER (mm) 792 -06 92 06A 792-L6A
Greater than 1.3 - - .19
1.3 - 1,1 .19 .27 AL
1.1 - .92 .53 .61 .51

92 = 775 1.28 2.3 .6l

775 -- 64 1,21 2.79 1.79

e .53 2.81 7.82 L,05

.53 - M55 3.29 9.69 2.&5'

L4550 - 0375 b.57 9.06 5.48

.375 -- W31 5.15 9,26 b, 28

3L —- .27 3.78 6.22 3,40

27 - <23 3.55 5.93 .19

.23 --  .195 1.97 3.41 2.95

195 - 165 1.33 3.96 2.67

165 -- 135 1.57 b1 2{82

135 - .105 l.22 2.75 341

.105  -= 07 22 .4 11,7 28,61

07 -~ .035 b5.6 20.8 33.52

legs than .035 —_— - —

100,35 100.9 100.1



GRAINSIZE ANALYSTS,

PANDURRA FORMATION

AVERAGE PER  CENT

DIAMETER (mm) 792l n92-36 792449
Greater than 1.3 L6 - 1.6
1.3 - 1,1 7.23 A2 71

1.1 -~ .92 5.64 . Bl 3.4
.92 -- 775 11.75 3.05 2.72
75 - . 6l 10.97 3.34 5ol
Ol e 53 8.7 h.7 6.35
.53 - M55 13.6 b8 5.85
455 —-  .375 8.9 4.8 7.97
375 -- .31 4,7 9.7 8.41
31 - .27 7.96 5.65 8,734
.27 -= .23 5.74 9.52 L
.23 -- 195 3.34 9.39 6.87
195 —- 165 3,42 9.83 5.81
165 —-  .135 h,02 8.71 8.01
35 -- . 105 2.75 5.53 8.15
105 -- .07 1,34 16,6 7.75
o J— .035 —— 3.08 6,10
less than .035 .1 —- 21
101.6 100.3 100, 2

T A



GRAINSIZE ANALYSIS, PANDUBRA FORMATION (COMT."A")

AVERAGE PER  CENT
DIAMETER {(mm) 792-34(b) 792-36A 79254
Greater than 1.3 - - -—
1.3 - 1,1 - .39 -
1.1 -~ .92 .3 . 50 -
.92 - 775 .82 .36 A
775 -- .6l Q6 1.05 .7l
b - 53 1.78 1.9 1.49
.53 - W55 .9k 5.01 L,06
L455  —— 0375 1.86 3.14 5.67
375 -- .31 3.19 L .39 8.50
31 - .27 3.57 7.3 18, 6L
.27 -= .23 2.39 12.83 20,94
23 -- 195 9.07 8.83 1,73
195 --  ,165 7.37 12.97 10.79
165 -- (135 11.84 14,83 5.13
W135 -~ .105 21.b4 16.94 4,58
L105  -- 07 20.5 6.5 3.69
07 --  ,035 14 4 3.0 1.1
less than ,035 - - —_—
100.0 100.0 100, 2
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GRAINSIZE ANALYSTS., PANDURRA FORMATION (CONT."B")

AVERACE PER  CENT
DIAMETER (mm) 792-36B 792-36C  CLAY BAND
Greater than 1,3 3.3 - 9.15
1.3 - 1.1 .3 - .63
1.1 -— .92 2.17 - 1.03
92 -- 775 2.09 .58 U2
.775 --  L6h 1,65 1.17 1.67
O - 53 1.5 b, o9 .62
.53 —- 455 L.8L 3.51 2.9
M55 -= 375 2.75 1.75 5.19
. 375 -- .31 5.82 3.51 8.89
31 - 27 7.49 6.53 10,72
.27 -- .23 8.15 9.94 b.98
.23 == 195 9.74 9.36 8.52
195 - 165 12.42 1G.53 9., 34
165 -— 135 13.3 14,03 7.27
L135 -~ 105 8.74 13.45 10.14
.105 -~ 07 9.40 13.3% 9.5
07 -— . 035 6.15 8.30 9.4
legs than .035 - - e
99.85 100.9 100.37
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APPERDIX V

GRAINSIZE GRAPHIC STATISTICAL PARAMETERS AFTER FOLK 1961

Graphic Mean

M = %16 4+ $50 +. $84
Z
3

Inclusive Graphic Standard Deviation (Sigma 1)

op = o8k - 916 495 - $5
1) 6.6

Inclugive Graphic Skewness

Sk_ = L6+ 84 - 2450 L 5 + 495 - 2950
I
2(484 - $16) 2($95 - 45)

Graphic Kurtosis

$95 - 5
2.04(¢75 -~ ¢25)

il

KG
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RESULTS OF GRAIN SIZE ANALYSIS : TABLE A2

SAMPLE

Whyalla Sst,
702-00a

Mineralised
Layer

Pebble Layer

792-00b
792-0%
792-46b
70226
792-51

Pandurra Ftm.
792-44
792-5)
792-34b

792-36
Clayband

792-36b

702-30a

STANDARD DEVIATION

(SORTING)
Poorly Sorted
Mod. Sorted

Mod., Well Sorted

Poorly Sorted
Mod., Sorted
Mod. Sortgd

Mod. Sorted
Mod. Sorted

Mod, Sorted
Mod, Well Sorted
Mod, Well Sorted

Mod. Sorted
Mod, Sorted
Mod., Sorted
Mod, Sorted

SKEWNESS

Near Symmetrical

Strongly Finely
Skewed

Strongly Coarse
Skewed

Coarse Skewed
Coarse Skewed
Coarse Skewed

Near Symmetrical

Coarse Skewed

Finely Skewed
Near Symmetrical

Strongly Coarse
Skewed
Coarse Skewed

Coarse Skewed

Coarse Skewed

KURTOSIS

Very Platykurtic

Mesokurtic

Extremely Lepto-
kurtic

Very Platykurtic

Platykurtic
Platykurtic

Platykurtic
Leptokurtic
Leptokurtic

Platykurtic

——

Mosokurtic

Platvkurtic



Photo Al: Sandstone Wedge. Bedding is subvertical.

Photo A2 : Curved sandstone dyke, within Cattle-Grid Breccia

Photo A3 : Edge of sandstone wedge. Note vertical bedding and quartzite
clasts at edge of wedge., Also mineralised layers parrallel
to bedding are present,
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