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ERRATUM,

Appendiz I. p. A I4:
38I-159 wrongly included in the Pepuarta Tillite section,

should Dbe in the Budunde Arkose section of p. A 5.
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Abstract

The sediments describsd herein represent a total of some 6,300 m
thickness, and are of the Umberatana Group which includes tha Sturtian
glaciel period, the interglaciael period of the Sturtian and Marinoan ages,
and the Marinoan glacial period.

Emphasis has been laid on the upper glacial sequance which is over
1,800 m thick at the location of the measured stratigrephic section. This
sequence, known as the Pepuarta Tillite (Formation), has heen divided into
9 membars which are probably not sufficiently continuous to be mappable
units over very great distances. These members are described and the

indicated depositional environment is discussed in some detail.

The calcarecus nature of the interglacial and upper glacial rocks has
been noted, though further work is needed befors an adequate interpretation

can be given to these data, ssepcially in the upper glacial beds.



Introduction

The mapped area lies immediately south of Eudunda and extends south=
ward to include Hansborough in the south west corner, and is approximately
8 km by 6 km. The area examined is somewhat larger, including extensions
to Hampden in the north and some 2 km further west than the map boundary
and some arsa to the south west. A locality sketch is submitted with this

report,

Outcrop is generally adequate for raeliable mapping and those

boundaries marked as observed are placed with a high degree of confidence.

Topography is varied but is dominated by a straong north-south trending
ridge marking the position of the Eudunda Arkose Member which stands some
100 m above alluvium covered plains to east and west, and by a dis- -
continuous series of ridges where quartzites of the Gilbert Range Ruartzite
{west) and Pepuarta Tillite (east) crop out. MWost significent creeks in
the area drain east or west away from the central ridge and dissect the
above mentioned quartzites. This drainage pattern probably reflects east-
west faulting. Good exposurc of mast units is éeen in the creek beds,

though the rocks are quite deecply weathered.

Fieldwork occupied some 10 weeks and mapping was carried out on an
averlay on an approximately 10,000-~-scale enlargement of a Lands Department
aerial photograph. W.B. Robinson of the S.A. Dgpartment of Mines has
previously mapped the area and his work has been published in the Eucdunda

1=-mile and Adelaise 4-mile shaets.

Laboratory work included cutting and describing about 60 thin sections
and full hand specimen description of these and some 30 other rocks
considered important to interpretation of the interglacial and upper
glaciel pericds. Emphasis has been laid on the upper glecial (Marinoan)

rocks.
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Stratigraphy

Sediments in thae area mappod‘ara of Upper Proterozoic age and have
been assigned to the Sturtian end Marinoan epochs. Thoy comprise the
Umbaratana ond Wilpena Groups. The formations occurring in this area have
been named by W.B. Robinson of the South Australian Department of Mines
as follows: |

Ulupa Siltstons Eguivalent
Nuccaleona Formation Equivalent?
Popunrte Tillite
Tarcowie Siltstone Eguivalent
Taploy Hill Formation with:
1.  Eudunda Arkose Member
2. Biltstone Member
3. Tindelpina Shale Momber
Appila Tillite (Sturt Tilliteo Equivalent?)
Gilbert Range Quartzite
Hansborough Tillite.
It is proposed that these namos be retained for this thesis, though
R.P. Coats of the Mines Dept. (personal communication, 1972) has raised
doubts about some correlations, and it will be suggested in this report

that the Sturtian glaciol interval is wrongly named.,

No previous roports exist which deal with sediments in the Eudunda
district, and no report accompanies the Eudunda 1-mile or Adelaide 4-mile

shaats.'

Daescriptive Stratigraphy

A SBturtian
1. Yudnamutana Sub-group.

(a) Hansborough Tillite Formation.
This unit is epproximately 1000 m thick south-east of Eudunda
and it is generally very poorly exposed owlng to its poor rosistance
to waatharing and erosion. This is dug to the weakly indurated
nature of the tillite in this roegion. The only good exposurc is
in a road cutting on the Eudunda~Truru road,{1a,b} The lithology
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hera is monotonous light to mid grey, weokly indurated, massive,
very poorly sorted, very sandy, coarse siltstone to very silty,
gritty sandstone with abundant clasts. Clasts are roundod to well
rounded meta-quartzites, coarse acid igneous (granitic and porphy-
ritic), acid gneisses, carbonate (white or cream dolomite), black
shales and schist fragments. Of these the metaquartzites and acid
igneous rocks wera numcrically dominant and comprsiced the largor
clasts — up to about 25 cm cliamoter. None was scen to be clearly
facettoed and no ctriae werc observed on any clest. Most clast
lithologies have resistec deformation during the mctamorphism which
has impartcd a well-developed cleavage to the pelitic rocks of the
region, (%a) and they can be sagen tu be rounded to Wollfrounded
with high sphericity. Clear pressure shadows can be saen around
many clasts. The dolomite and shale fragments have been consideraply
deformod however. |

No exposure of the basc of the Hansborough Tillite was seen, and its
relationst. " to the underlying Saddlewarth Formation is not known

in this area. K. Hamdorf (pers. comm.) believss than an unconformity
gxists in an area mepped by him near Point Pass, north of Eudunca.
He has also observed lens—shaped sancstone bodies near the bhasc of
the tillite and although they were not cbserved in the aroca mappod

by this author, they may be prosent but not exposed.

(b) Gilbert Range Quartzite.
This lithology varigs in thickness from gbout 500 m to about 650 m
in about 4 km strike length to the south of Euduncda. This is
considerably loss than tho variation shown on the Eudunda 1-mile
shegt, however, and appears to be due to an increased percentage of
siltstone to sondstone towards the south., Tho sandstonc beds appear
to bc of approximately uniform thickness over considerable strike
lengths, gven though most are énlyra‘Few metres thick, and it
is the siltstones whioh.thidKenl perhaps in response to a local
topographic veriation in the'underlying Hansborough Tillite.
Lithologies were of thraee types. 1
(1) white, yellow or tad weathering, induratet cross bedded,
maderately to poprly sorted medium to coarse sandstones with

clasts either rare or fairly common.



PLATE 1

gabb

The Hansborough Tillite, exposaed by earthmoving, is well cleaved -
b shows a cleavege face — with pressure shadows formed around the larger,
more resistent clasts in places. Clasts are generally well-rounded,

Boulders of up to 25 om were obssrved.

Arad worke INm sedth from fudvnds on Lhe Trum Kel

A single celcite lens was seen in the Tapley Hill Shale Wember.
It is confarmable to bedding and was probably deposited contemporanecusly
with the surrounding silﬁstone, indicating a shallow water envirorment.
The shale member is epparently egqually calcareous throughout its 1000
in this region.

Souvthar Sice of Adelude Fol  38° s0-80's  /39° 2.92'L
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(2) white, yellow or red weathering, induroted, cross bedded,
modorately sorted medium to coarse sendstoncs with no clasts.

(3) Greenish or groy, weakly indurated, laminated and cross leminated,
moderately sorted, sandy siltstonss. No clasts were found in

these despite examination of numerous cxposurcs.

Current directions in the Gilbort Range Quartzite have been
summarized in Fig. 1 and are uniformly from slightly west of north.
Readings were obtained largely from tebular cross bedding in both
sandstones and siltstones and from some trough cross bedding in the

sandstones.

(e) Appila Tillite.

The basal beds of this membor are poorly oxposed in direct contrast
to the Gilbert Range Quertzite and those beds higher up in this
member.  They consist of greem and grey, grey weothering, weakly
indurated, laminated, generally well sorted, slightly sandy, coarse
ancd medium siltstones with rare mixtite lenses with up to cobble sized
clasts. This lithology persists for about 200 m and it is overlein
by a 10 cm thick band of white, well indurated, tabular cross bedded,
well sorted, very coarse sendstone with a finer laminated coarse
sandstona 3 m thick in turn overlying this. Alternating beds of
slightly sandy motlium and coerse siltstone with occasiocnal gritiy
bands with up to granule or pebble sized material end various sand-
stones, roanging from white to recd ancd from very fine to very coarsc
grained overly thesc beds. The sandstones are generally thin - less
than 10 m - and most are cross bedded. Current directions obtained
are represented in Fig. 1 and indicate a consistent sourco just west

of north.

This lithology persists for approximately a further 300 m making the
Appila Tillite ebout 500 m thick. The upper limit of the unit is a
banc of pink fine sandstone about 1 m thick, continuous throughout
the area examinad ~ about 6 km strike length - immediately underlying
a persistont black dolomite band, the basc of tho Tindclpina Shale of
the Tapley Hill Formation. This marks the close of the Yudnamutana

Sub-group, tho lower glacial sediments.
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PEPUARTA  TILLITE

EUDUNDA ARKOSE

APPILA TILLITE

GILBERT RANGE QUARTZITE
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Depositional Environment

The tillite of the basal unit of the Sturt glacials, the Hansborough
Tillite, lacks stratification throughout its entire thickness. This
indicates deposition of the material directly from a dry-based continental
ice sheet as a lodgement till. The sandstone lenses reported near the
base of the tillite may be similar in origin to those described by Lindsay
(1970, p. 1155) in his description of the tillites of the Transantarctic
Mountains. Lindsay's sandstone lenses were, however, thinner and less
extensive laterally. That author considers that these features indicate

deposition from "actively deforming temperate ice".

There followed a period during which the ice shect retreated and inter-
beds of laminated, clast-free siltstones ~ possibly varved ~ and clast-
bearing or clast-free cross bedded sandstones were deposited as the beds
of the Gilbert Range Ruartzite. It is considered that these sedimonts
reflect outwash and shallow ?freshwater lekes into which deltas of outwash
were built for considerable distences by rapidly deposited sandy sediments.
The depth of water in thc lakes was probably shallow as the ?varved silt-
stones are free of clasts, implying no rafting of glacier ice. The sand-
stones are thin - generally only a faw metres ~ furthor implying shallow
lekes if some of these sediments are indeed doltaic. It is probable that
the sandstones are a combination of ocutwash and deltaic deposits, but therc
appears no way of deciding which environment applies to which sandstone or
to which part of a given body. The bases and upper limits arc very sharp
with no visible grading obscrved in several hundred exposures cxamined,

The clasts in the sandstones probably ropresont those frozen to the basc

of winter ice and raftod by small ice floes which broke free in spring
thaws. These features have beun described by Flint (1970] in Ploistocone
outwash deposits. As expected these clasts are small and well rounded.

The alternating leke and outwash deposits imply some instability of the ice
sheet terminus, which probably lay somewhers to the north or north north

west, as well as instability of the lake shoreline.

A further retreat of the ice is considered probable at the closc of
deposition of the Gilbert Range Quartzite when leminatod siltstoncs were

dopositod with only octcasional lenses of till-like moterial, mainly near
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the base. These lecnses arc sccn as deposits from overturned icebergs
floating on a dcsp, oxtensive lake cr the sca. The scdiments may contain
individual clasts dropped from iccbergs but nonc were sccn and this is
probably a rcflection of the very poor exposurc of the lower beds of the
Appila Tillitc. Interbedded cross bedded coarse to fine sandstones and
siltstones with occasional gritty bands overly the poorly exposcd siltstoncs
ncar the basec of this unit and thcse probably represent a shallowing or
perhaps fluctuating water depth, or merely @ variable source. The gritty
bands, which are of up to small pebblc sized material, all well rounded,
have been deposited into the siltstoncs with no interrupticn of the
deposition of the siltstones, which have laminations of 2 to about 6 mm
thickness. These grits possibly represcnt rafted material frozen to tho
base of ice formed along well washcd beaches at the shere of lakec or sea,
which would break up and drift away during spring. Palacocurrents show

a northerly source but winds may have affcctec this with respect tc floating
ice. The material of the grits is entirely quartz or quartzitc and this
indicates vigorous mechanical recworking has eliminated the less rcesistent

material which was probably present at the source ?7beach.

2. Tapley Hill Formation and Tarcowic Siltstonc Equivalent - The

Interglacial Period of Sturtian and Marinoan agc.

(a) Taplecy Hill Formation

(1) Tindclpina Shale Mcmber#
This is a persistent marker bod throughout the whele Adelaide Geo-~
syncline (Thompson in Parkin (od.), 1969, p. 66) and is sccn in
the Eudunda - Hansborough area as a thin - approximately 60 to 80 m -
black, cxtremcly fincly laminated, cxtremely fine grained shale
with pyrite and thin but persistent bands of sharply defined,
massive, black dolemite of up to about 10 cm thick, concentrated
mainly in thc basal 20 m of thec mcmber. The pyrite which appcars
to be disseminatod with only occasicnal cubes = now limenite -

also appears to be concentrated within this interval. The uppsr

# Note that the basal conglomerate (Serle Member) as described by Coats
[1964 p. 11) is absent also from this area. This author cannot agrec
with Coats' correlation of the Eudunda Arkosc Member with the Willigan
Member of the Tepley Hill Formation and the cxistence of two members -
non=Ccalcareous and calcarcous - is not true of this area.
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boundary of the Tindelpina Shale is gradational from black intag
dark and mid grey with a corresponding increasse in grainsize and
lamination thickness over at least 20 m. The boundary has beon
arbitrorily teken as the lowermost cccurrence of a clear change in
these three characters. The shale does not appear to be calcarecus
as is the overlying Tapley Hill Shale Member. The dolomites appoar
to be primary and closely follow the bedding planes of the
encloging shale. The origin of the black colour of both is

possibly due to organic carbon.

Tapley Hill Shale Member.

In the mapped area the shalce member is between 1000 ond 1100 m
thick, though according to Robinson (1966) it thins to the morth
and where the Eudunda Arkose Member reaches a thickness of over
600 m. Except in crecks downoutting at rightangles to strike, out-
crop is limited, though this lithology, the Eudunda Arkose and to

a somewhat lesser extont the Tarcowie Siltstone form a topographic
high as a north-south trending ridge. Relief is of the order of
100 m. Lithologically the shale is a mid to dark grey occasionally
light grey, grey weathering, indurateed, evenly laminated, generally
well sorted, medium to coorsc siltstone: calcareous gquartz lutite,
with occasional thin - up to about 2 m - bonds of grey, groy or
brown weathering, incuratod, generally massive, poorly sorted,
gritty fine sandstone. Bome of these contain a high percentage of
fresh feldspar (281-214) while others contain very little (381-215),
All somploes of the Tapley Hill Shale Member oxamined had signifi-
cant calcite. It is felt that the reoportod increcase in calcite

in the uppor part of tho shale (Mawson and Sprigg, 19501) does not
apply in this region at lcast, and that the formation is equally
calcarecsus throughout. A single bend of whitc medium to coarse
grained sandstone {quartzitc) was observed near the top of the
member and was continuous for somc 400 .m  where outcrop vanished
and any float was removed by the pastoralists. Despite guite
axhaustive secarch and adeguate outcrop inm creeks only a single
carbonatc lens approximately 6 om thick ancd 40 cm long was soen.

(1c} This was of buff to white pure limestone.



(3)

Petrological cxamination of five specimens of the "typical" shalc
lithology (381-212, -213, -216, -217 & -218) yielded one slidc

showing clearly graded bedding in & very finc grained rcck (381-217).

The only trend discerned was an increase in the massive sandy bods
towarcds the top of the member. This may be related to the Eudunda
Arkose Member which overlics the Shale Mcember. No scdimentary
structures other than lamination, microcross lamination (381-216),
the ?soft scdiment slide structurcs (two only) (2a) and the calcite

lens warc secn in the Shale Member.

Eudunda Arkose Membcr.

Robinson (1966] descyibes this lithology as a "Flaggy and massive
cross-bedded blue-grey arkose" but quite extensive oxamination of
it in outcrop in the Eudunda - Hansborough area, and in six other
areas including the type area (the Kapunda rubbish dump - a disuscd
guarry) have shown it to be variable in feldspar content and not
more feldspathic than a subfcldsarenite of Folk, Andrews and Lewis
(1970). Five thin sections were cut from the freshest material
available from the type scction, 381-210-A and -210-8, and from two
rocks collected from ncar Julia about 12 km north west of Euduncla,
381-209-A and -209-8 and from Long Hill, 381-~159. The highest
feldspar content obscrved was 126 from the rocks collected near

Julia. No exposurc appearccd to havc okviously high Feldspar content.

The "arkose" is crass beddod pink white and grey fine sancstoncs
and interbedded blue~grgy siltstones in the Eudunda-Hampden area,
south of which, in the mepped area, exposure is very poor.

Abundant fresh coarse pyrite cubes with pressure shadows (2b,c) ars
present in the sandstones in the Eudunda-Hampden areca and this
feature appears to porsist to the most southerly cxposure of this
limb of the Eudunda Arkosc. Examination of some chemical analyscs
done for pasteralist J. Nichols of "Kingscourt" ncer Long Hill

show high iron values exist in theg spil along the ridge, in thc
projected position of the "arkose" for some 2 km at least beyond

the most southerly outcrop at Long Hill. The "arkose" can thus be



PLATE 2

Possible soft sediment slide structures in the Tapley Hill Shale
Member, near the top. .The clear banding, made by differential erosion,
is due to bedding, with cleavege poorly developed. (Not seen in the
photagraph.) Two of these structures were saen within 20 m, but they
were not in the same bedding plane.

dosthern side of Sbock brgok  rumming Lzst O St Kibls Rd 34T 2208 129° oF-0§'E

Pyrite cubes in a very fine sandstone bed of the Eudunde Arkose
Member. The pyrite cubes are of up to 8 mm along edges in =ome beds,
and are usually fresh, though the outer surface is tarnished. Most
of the sandstones are cruss bedded and indicate a western source.

Southery sict of Railway Cvlburg Lyst o Momderr 34°0890'8 139° 0340 L

Photomicrograph (100X) of a coarse limonite pseudomorph of pyrite
with a clearly devsloped pressure shadow. The clesvage direction is

From top left to bottom right. Crossed nicols.
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extencdled at least 8 km south of tho southern cextent shown by
Robinson (1966).

It is suggested that "arkose" be dropped from the name Eudunda

Arkose Member if further work confirms the conclusions herein.

B Marinoan
(b) Tarcowie Siltstonc Equivalent?
In the mappced arca there appears to be no difference betwecn the
Tapley Hill Shalc Member and the lower Tarcowic Siltstone Equivaelent
and their scporation by the Eudunda Arkose Member appears to be the
only reason for separating thesc lithologics. Thomson (in Parkin (ed.)
1969, p. 69) says: "In places (the Tarcowiec Siltstonc and its
cquivalents) closcly rescmble the Tapley Hill Formation, although
overall the Tarcowie Siltstone has a higher proportion of coarsocr
clastics ...". Thc coarscr clastics arc absent from the siltstonc in

the Eudunda-Hansborough area.

Generally the lithology is mid to light grey, grey weathering,
indurated, evenly laminated generally well sorted, medium to coarse
siltstone: calcarcous quartz lutitc. It lacks the sandy bands scen
in the Tapley Hill Formation though e band approximately 80 m thick of
visually icdentical but much more bolcdly outcropping siltstone runs
parallel to becdding about 400 m above the Eudunda Arkose. There is

a narrow bantd - about 8 m wide -~ of mere calcarcous shalo along the
upper boundary of this bancd. The better indurated material, howevecr,
does not appear to be more or less calcarcous than the bulk of tho
siltstonc. Somc slumping has occurred affecting about 8 m of beds

near the basc of the formation in places.

The upper bouncdary is arbitrarily teken as the first cccurrcnce of

very thin sancly laminae which are continuous laterally. The
transition from the siltstone to the overlying Marinoan glacials is
very gradual going from siltstone to siltstone with very fine sandstonc
laminae, the sandstonc thickening and increasing in number per metre

of sediment and in grainsizc until coarse gritty sandstone layers

becomc predominant. Within this interval occasional small clasts are
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found with disrupted bodding indicating rafting. The intorval is
357 m thick in the stratigraphic scction proscntod with this roport -
member 1 of 9 membors. Conts (1964, p. 12) states that a "satis—
Factbry mappable boundary can be based on the first appearance of
sandstoncs” when writing of the Yerelina Formation, tho equivalent of

the upper (Marinoan) glacials in the Flindcrs Ranges.

The Sturtian —~ Marinoan boundary is placod ncar the base of the

Tarcowic Siltstone Equivalent. (Thomson in Parkin (od.) 1969, P.69).

Depesitional Environment

The interglacial scdiments in the Eudundo-Hansborough-Hampden arca
appoar to bo completely void of any ovidence of a dircct glocial contribu-
tion. An extonsive search in all crecks in the arca, whoro exposurc is good

has failed to find any evidence of such a contribution.

Sedimentation of the Tindelpina Shalc occurrecd when bottom conditions
were stagnant and strongly reducing. The laminac are thon due to veriation
of cither grainsize or compousition duc to variable 7seasonal contributions.
The cold conditions provailing during the precooding scelimontary cycls may
well have continued such that meltwater influxos inte a shallow but stangnant
epicontinental sea produced varves It is felt that these laminae must be
seasonal as production of laminations by agitation would destroy the stag-
nant conditions which must have preveiled. Deposition occurred over a VETY
large area and the formation of dolomites is believed to imply very shallow
conditions. To maintain reducing conditions throughout such an area in
shallow water seems an impossibility unless oxygen consuming organisms were
present in vast numbers. Thae answer to the problems of the deposition of

the Tindelpina shale remains speculative.

The Tapley Hill Shale (siltstone) may also be in part varved. A
single thin section (381-217) demonstrates graded bedding which may be
avidence of the presence of varves in the formation. The alternative hypo-
thesis ~ turbidity deposition - is considered unlikely because the laminae
are very even ant no proximal turbidity current deposits are known within
the formation. The poorly sorted, sometimes feldspathic sandstones have

been described clsewhere as greywackes (Coats, 1964, p. 11). This
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lithology is also oxtremely widc—-spread, but again deposition is believer

to be in shallow waters. R. Love (persomal communication, 1972) considers
it possiblo that the selinity of waters during the deposition of tho Tapley
Hill Shale Member may have varied crratically, which may'indicate vast
influxes of meltwaters into a shallow cpicontinental sca. The coarser sedi-
ments seen in the Eudunda region may imply proximity to a source of the
silts, but pnly rogional consideration of grainsize distribution would

indicate whether or not this was a probability.

The Eudunda Arkose is not widespread, and bweing of coarser sediment,
must have had a ncarby source. The abundant cross bedding indicates the
source was in tho west. This information is summerizod in the rose diagram
of Fig. 1. Cross bedding implics shallow moving water. This, being a
member of the Tapley Hill Farmation deposited contomporancously with the

- shale, supports the concept that the shale member was deposited in shallow
wator, os no broak in sedimentation has occﬁrred in the intorglacial intorval.
The outcrop pattern of the Eudunda Arkose, which appears to interfinger with
the Taploy Hill siltstone in the mappod area further supports tho view that

the source wag in tho west.

The Tarcowie 8iltstonc Eguivalent, which as stated above, resemblos
strongly in lithology the Tepley Hill siltstoncs, was probably depositod
under very similar conditions. Latc in the depositional history of this

unit the transition to glocial conditions began.

3. Pepuarta Tillite (Formation)

Introduction .

This formation is the upper glacial unit of Marinoan age. It is the
uppermost unit of the Umberatsna Group of sediments (Robinson, 1966).
The sediments are extremely varied throughout its approximately 1800 m
thickness, the depositional environment exhibiting similarly wide
variation from probable subaereal to subagueous end subglacial. It is
for this reasson that the stratigraphic section has bsen divided into
9 parts; to facilitate description and interpretation. This author
does not propose that these 9 members are continuous, mappable units over

great distances, though closc examination of three sections through the
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formation indicates a broad uniformity over some 3 km strike length.
Outcrop is inadeguate to trace thesc subdivisions further north and 1 ime
limitations prevented close examihation of thes intervol much to the south
of the mapped arce, Outcrop is ogain inadequate on the western limb of the
syncling, though the subdued topography indicates that mony of the quartz-
ites at least are not prosent in this region, se dips are similar, though

in the opposito scnse, to those of tho east 1limb.

Porhaps the strangest feature of thase sediments is their very gencral
lack of structures which could indiecate a speeific onvironment for cach of
tho sediment types. This factor itself may indicate something about the

environment.

It is intended to describe cach member seporately in some detail and
to follow each description with an interpretation of the environment of
doposition, A summary stratigraphic column has been prepared ond is
presentod in Fig. 2. A gensral discussion of

(1) Carbonate Contents of the Sediments,
and (2) Glacicl Origin for the Mixtites
follows this descriptive section. Some references to thess foctors here
is unavoidable, however, ond is ﬁrasented without cvidence in this part of
the text.

Description and Interpreotation

Member 1.

As previously stated, the basal member is a tronsition zone of some
357 m thickness, the lower boundary baing placed at the first appearance of
thin, latorally continuous, sandstone laminee in the siltstone lithology of
the Tarcowic Siltstone. Initiclly the sandy layers in  the well-sorted,
laminated siltstona occur at 1 to 2 m spacing, but increase in regularity
and number por meter approximately uniformly throughout the member. Grain-
size of hboth silt and sand components remain falrly constent upwards from
the base - medium to coarse silt and fine to very finc sand, oxcept noar
the top whore sand grainsize increases and sorting of the sandy layors
worsens. The thickness of leminoc in the siltstone is constant, but the

sandy layers gradually increase in thickness from about 0.3 mm to & mm.



FIG 2

SUMMARY STRATIGRAPHIC SECTION
PEPUARTA TILLITE (Schematic)
GROSS
SC(Q)LE LITHOLOGY DESCRIPTION
R Moderately & well sorted sandy siltstone with coarse gntly
pands,
Massive tillite,
Well & poorly sorted sandy siltstone & siltstone witlh
sandy laminae.
Well & Poorly sorted sandy siltstone.
JA A AAA
Thin tillite bands,
Poorly sorted sandy siltstone,
1000 = Moderately & poorly sorted sandstones.
Well sorted sandstone with siltstone laminae,
—HA A A AA Massive tillite,
Paorly sorted sandy & gritty siltstone,
Well & poorly sorled white sandstone with & withowt clasts,
Well sorted siitstone with sandstone laminae,
Well sorted sandstone with siltstone laminae.
Massive tillitic bands.
Tillitic limestone.
Well sorted sandstone with siltstone laminae.
5 1 Well sorted sittstone with sandstone Jaminae,
0 -
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Cleavage has dissected the sandstone laminoc in places to producc somi-
continuous augen-shapod lenscs about 5 to 25 mm long. Noar the top of this
member an occasional small clast cen be scen to heve disrupted the bedding
beneath it. {3a) This member is closed et the appearance of a 2 em thick
band of coarsc sand. Specimen numbors 381~128 and -129 are from near tho
top of this member. (Sec detailaed scction for location.) Tho sediments

contain abundant calocite.

Depositional Environment

The resurgonce of glacial activity in Morincen times must have beon
very gradual, and itwas not until about 330 m of sedimonts had been
depositad that signs of rafted clasts appear (in several croek axposures).
These are rare and although they are prébably ice rafted material, the
possibility of Precambrion scawesd rafting cannot be discounted here. {Rofer
to Spencer, 1971, p. 34). Deposition, then, probably vccurrsd in the
relatively shallow but extensive sea or lake which existod in the proceeding
interglacial period. Encroachment of an ice shect into the water provided
some icebergs late in the depositional history of this momber, and tho
absence of grit bands probably implics remoteness From any shore-line pack

ice which may have formed.

Member 2.

Sample and thin section 381-130 shows the first coarse sandstone band,
poorly sortod and with little feldspar. Following this, the lithology is
generally similar to that of member 1 except that the sandstone leminae
aroe here predominent. (See detoniled section.) The grainsize shown for
this lithology reprosants an attempt to show major variations of sandstone-
siltstone ratios. A single band of ripple marks occurs at 368 m, and an
unsorted, sandy siltstone, very similar to tillite matrix can be seen at
371 m. {381-131) In the bed overlying this a large 7scour and fill channcl
has cut down through about 2 m of sediment into the unsorted siltstono.

The structure is only partially expossed but is at least 2 m decp and 6 m
wide. It is filled with leminated siltstones and coarse or gritty sand-
stones, but their distribution is difficult to explain, with fine sediments

in the base of the channel and a gritty lithology on the upper port of the



PLATE 3

A small guartzite clast dropped into the siltstone with sandstone
laminae of Member 1 of the Pepuarta Tillite (Formation)}. This photo-
graph shows the deformation of the bedding beneath the clast. This was

the lowest observed occurrence of a clast in Member 1.

~Sovthern bonk Of cresk 34° 1¢35°8 139" 0490k

h&o

The ?scour and fill structure near the base of Member 2 of the
Pepuarta Tillite (Formation) showing the relstionship of the surrounding
bedding (B) and the cleavage (Cl) to the infill sediments. Note the

near right angle relationship of bedding in the right hand corner of b.

The infill sediments near the base of the channel are laminated
siltstones (c) while those on the channel ?wall are gritty coarse sands.
A 25 cm thick sandstone (S) overlies the siltstone (Z) end this can be

seen in ¢. The sendstone thins towards the sdges of the channel.

The distribution of the infill lithologies is unexplained.

Southern bank of creek P M358 A9° ofas’l
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channel wall and elso overlying the finc sediment. It mey be that this is
an ice scour structurc filled by scdiments from a western scurce which
would explain the probloms posed by tho channcl fill. This cexplanation,
howover, is in disagroement with the palacocurrent evidence which is
summarized in Fig. 1, and shows a consistent northern source. V. Gostin
(perscnal communication, 1972) pointed out that fine matorial filling
channcls is not unusual. The distribution of the fill is, however, difficult
to explain. Sse pl. 3a,b). At 386 m tho sandstonc content increases to
over 95% and tho rosulting band of sediment stonds out in moderate relicf
antt 1s seen also in ocreck oxposures about 1 km to north and south. Although
it cannot be traced further north than that ( poor oxposurs)} it may woll

be able to be traced southwards beyond the mapped area. Agein tho sodiments

are calcareous and they arc roprosonted by spocimens 381-130, -131, =132, -133.

PDepositional Environment

The avorage foldspar contont of the four soctions oxamined is about&%
with o range of 2 to 14% . It seems likely that most if not all of these
sediments arc first cyele (Pittman, 1970, p. 591, Kuencn, 1959, p. 31, Folk,
1959, p. 149). Camcren ond Blatt (1971, p. 575) stato that felsic fragments
reach a rounded stato fairly guickly, at least undor some conditions, as a
result of weathering and abrasion. The thin socotions wero cxemined to find
the roundness of the constituent grains, but suturing and welding of contacts
has generally masked this throughout the formation. Such particles are,
howover, durable, and their presence indicates little about the source
distanco. The foldspars arc frosh and this may indicate a cold climate
ctluring deposition of this member. The water body in whioh the sedimonts
werc depositod was at least at times quitc shallow, with ripple marks and
scour and fill features. The degroo of -sorting of sandstone and siltstone
layers can be scen in 381-132 (48} The calcite prasent in the rock is
approximately the same percentage in both coarse and finc fractions, and

no ?seasonal variation in calcite precipitation cen be discerncd.

Mombor 3.
From 485 m to 697 m (212 m) the lithology is extremely variablo.

Beds include:



PLATE 4

A photomicrogreph (100)() showing a typical portion of the
laminated sandstone-siltstone lithology of member 2 of the Pepuarta
Tillite (Formation). Specimen end thin section number 381-132.

Crossed nicols.

A photomicrograph {100X) showing the grading of clastics in
381-175. The matrix is carbonate, presumably dolomite, and it was
deposited contemporaneously with the clastics. Up to 60% carbonate

is presgnt in the finer fraction. Crossed nicols.

Cross lamination in a generally massive siltstone. Note the
complete sets, without eroded tops. This is interpreted as evidence

of very rapid deposition.
Greck bed, 34°/4-255 139° 032w
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(1) Massive tillite bands (384-134, -155),

(2) Well sorted sondstonos with siltstone laminae and siltstones with
sandstone laminae (381-139, -141, -144, -166. These resemble the
lithologics of members 2 and 1 rospectively),

(3) Poorly sorted gritty or sandy siitétones, épparently without clasts,
but probably tillitic (381-137-A, =142, -147, =150, -151, ~-161),

(4) Well and poorly sortod white sandstones which have sharpzbase and top,
are genarally massive, and ore with and apparently without clasts.
(®81-137, -14s5, ~-152, -~153, -155, -157, -163, -167),

(5) Laminated siltstones, ' |

(8) Poorly sorted silty sand (381-165), and

(7) White limestone with abundant small clasts with fines removed by
running water (381-135).

With fow oxceptions tho boundaries arc very shanp betwaen lithologies and

little grading was observed within coach lithology. Notable wero fﬁo

gradational boundaries of an unsorted sandy siltstone ﬁt about 500 m. Both
upper and lower boundaries were gradational over about 20 cm. The sandstones
initially dppear similar to those of the Gilbert Range Quartzite, but
gencrally lack the 1dmination and cross hedding of the Sturtian scdiments.

Most beds are thin - apparently tabular and some lecnsoidal sendstones were

as thin as 4 cm ~ and the siltstones, and the well sorted siltstones with

sancdstone laminae and sandstones with siltstone laminoe are generally much

thicker, but still less than 10 m.

Depositional Environment

No clear Cyclic changss can be discerned from the lithological pattern.
It scems likely that subaqueous, glaciofluvial and subglaciel deposition
has occurred, the former in shallow, tranguil lakes into which dischargec
the melt water from the nearby iaﬁ sheet. The sediments may be varved, but
no clear evidence of this was seen. Cértéinly the sandstone-siltstone iayers
may represent seasonal variation in sdurcé, with the sands coming into the
lake with spring and summer meltwaters. The Well sorted nature of this
material woulc imply a gquite remote: source. The gradational variation in
percentages of sandstone and siltstono pfesent in these scdiments may be a

function of the distancc from the dischargo point(s) into the leke with
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moée sand (thicker sandstone layers and consequently a smaller percentage
of siltstane] being deposited near the discharging stream mouth. This
could bo explained if tho level of the lake varied slowly with time. The
very even grainsizes of both sand and silt fractions of this lithology is
remarkable. It may indicate that only these grainsizes were derived from
the sourco areas, or that thc ?scascnal flows were very regular in their
transporting powcr. The former is unlikely, and is certainly incompetible
with a glacial origin for the scdiment. In the latter evont, prosumably

extonsive deposits of coarser materiol must have devoloped somewherc,

Tho sandstone beds appear to possess no obvious tronds. 1t was generally
the coarser bodies in which clasts wers found, but neither coarse nor fine,
thick nor thin sendstoncos are consistently massive or laminated, In this
membor the sanustones appeor to be tabular with only one oxception, and
they have extremely sharp boundarics at both base end top of sach bac.

The structureless nature of many would indicate oxtremcly ropid, singlo

ocycle doposition of up to 12 m of sand. Two origins can be proposed for

such deposits in the context of the other sedimonts prescnt, assuming rapic

deposition:

1. Band was transported by irregularly Flooding high volume meltwator
streams and discharged rapidly into a shallow loke (or sea).

2. Butwash sand in very large guantitics was dumpcd into a lake {or swa)
by irregular and wviolent wind sterms. Such deposits of traction load
material would be dumped near to the shoreline and would thin ropidly
away from the shore. This featurc was not observed, but it should be
pointad out that the outcrop pattern in this arca is such that thinning
to cast or west is unlikely to be obscrved. Horwitz (1962, p. 365 in
Coats enu Blissott, 1971, p. 85) assigned an sastern provenance to the
Yorelina Sub-group, but Coats (p. 85) considers that the source was a
western one, ond the glocinls include Fragmenté of the Pandurra Formation.
The outcrop in the Eudunda area strikes north~south and it is unlikely
that east-west variotions would be soen undor these conditions. The
eastern source, however, conflicts with the reogular pattern of the rose
diagram (Fig. 1) with currents from the north. Similarly in disagreooment
with both of those is the fact that of all bods examined, five wers seecn

to lens out towards the north, and nono towards the south. The sample
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numbers for the observations in the Eudunda aree are small, however.

The remaining sands are poorly sorted, often with rare well rounded clasts,
and are generally laminated, though no cross bedding was observed in sand-
stones of this member. The poor sorting, it is felt, reflects a fairly
local origin, the distance of transport being insufficient to allow much
sorting. It is proposed that these sediments may represent outwash,

with the grainsize and sorting indicating the distance from the terminus
of the ice sheet. Fliﬁt (1970, p. 186) states that outwash sediments

are well sorted in contradiction of the above statement of this author
that the sediments are generally poorly sorted. It scems likely that
Flint means to imply only that some sorting into, say, sand size occurs
antd not sorting into individual sand grainsize groups. The presence of
clasts in outwash sediments cennot be taken as being indicative of the
proximity of an ice sheet as Flint (ﬂS?U, p. 187) cites an example of
winter-formed river ice transporting clasts up to 300 km. The high
feldspar content of many of the beds, both coarse and fine, structured

ar not, implies that they are both first cycle sediments, and that they
were produced and transported in times of cold climatc. (Pittman, 1970,

p. 591, Kuenen, 1959, p. 31, Folk, 1959, p. B1; and Flint, 1970, p. 149,

respectively. )

Against an outwash origin for some of these sendstoncs are the absence
of some structures seen by Flint as common in such depésits. These are
that the sediments are "... commonly stratified in thin courses of fore-
set layors "‘"f and that "variations in grainsize are numerous ...
vartically", LFlint; 1970, p. 186) What few grainsize variations

which are present within the sandstones do not appear to conform to those
considered by Selley (1970, p. 24-25) to be typical of braided streems.

It is intended to treat both the sandy siltstones and massive tillites
togother here as it is considered probable that they are all tillitic.
Three types of doposit exist within this group in member 3.

(1] Massive, clast-bearing tillite with sharp boundaries,

(2) Massive unsortod sandy silistones, apparently without clasts and with
sharp boundaries, and

(3) A single bed of the same lithology as {2) above but with gradational

boundaries top and bottom.
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Spendor (1971, p. 11-12) describes soma mixtites in Scotland as having sharp,
conformable boundarics end as having {usually) undisturbed sediments under—
lying them. He proposes that such mixtites are lodgement-type tillites fraom
an over-riding ice shect. This proposition applies cqually well to the
first group of mixtites described here, and it is probable that the second
group, without clasts, were depositcd in a similar fashion. Spencer indicates
that therc ars differences betwesn individual mixtites in Scotland as there
are at Eudunda (p. 5}, and Flint, (1970, p. 156) spooks of distinction
between tills on the basis of grainsize differences, and it is this factor
alonz which divides these two classes (1) and (2) above). The third typs,
with gradantional bqundarius end no clasts, was probably deposited from
floating ice of the wet-based glacier type of Carcy and Ahmad [1960, o 871].
The bedding is prosumably absent because tho floonting ice sheet preventod

sarting by wave action of these deposits.

The sixth group above - poorly sorted gritty send - probably represents
another cycle of subagucous sedimentetion, as its grainsize ronge is not

large cnough to indicate a directly glacial origin.

Lastly, the celast-bearing limestone of 7 above, is probably a sub-
glacial limestone doposit as described by Page (1970). The rostrictod range

of grainsizes of clasts indicatos sorting by running water.

Member 4.

From 697 m to 901 m (204m), despito poor outcrop in part, has heon
considered as o single unit. The lithology is massive boulder tillite.
The only discernable difforence within the member is the change from roundoecd
to a mixture of rounded and subrounded clasts from base to top. The base
is not exposed but cannot be gradational over more than the 9 m of missing
outcrop below it. The momber is structurcless oxcept for a siltstone hod
and a fow sandstone lenses of less than 10 om thickness at about 865 m.
Thesc are not completely exposcd and their lateral extent could not be
determinad, but was probably not great. The lenscs are sonsidored to be
similar to those described by Lindsay (1970, p. 1155) and to refloct a
similar depositional onuironment - ovne of deposition of a lodgemont till at
the base of a continental ice sheet with some basal meltwater prosent at

times. The singlo siltstone band of about 2 m thickness may or may not be
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similar to those described by Spencer (1971, pi 12 & p. 14} who considers
them to be strong evicdence for the presence of confined meltwater stroams
at the base of a grounded ice sheet. This author feels, however, that
lenses of clast free, well sorted and laminated lithologies such as silt-
stones should not be taken as unassailable evidence of such environments,
though the unbedded sandstone lenses surrounded by homogencous tillite are

convincing.

Member 5.

From 901 m to about 1130 m (approximately 229 m) a further series of
complex lithological changes exists., The momber is composed of 6 different
types of beds.

{1) Limestonc precipitate with abundent, graded, clastic material, end with
a scour and fill channel. The lower boundary is gradational from a
tillite. (381~175)

(2) Leminated anc occasionally cross bedded or massive sandstones, rarely
with clasts. (381-176, =177, =178, -184)

(3) Massive unsorted sandy siltstones. (381-180, —182)

(4) Leminated siltstones and sancy siltstones. (381-179)

(8) Sandstone with siltstone laminae.

(6) Wassive tillite. (381-133)

Depositional Environment

The limestone is a chomical precipitate into which 7secasonally varieble
clastic material was dumped. The grading can be seen clearly in the photo-
micrograph of plate 4b. The clastic grains are froguently not in contact,
with calcitc separating them. The deposit is not of turbldity current
origin as the carbonate deposition was contemporaneous with clastic
deposition.

The sandstones of this member are as difficult to explain as thosc of
member 3. Tho unstructured nature of some seems to imply continuous, single
cycle deposition and this is possible as the clast-bearing layer at 948 m
is at the extreme top of the sandstone bed. Although deposition appears
continuous, this uppermost band may have received some ice-rafted clasts.,

The cross bedded and laminated sendstone at 910 m probably represents out—
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wash material as it has the features listed by Flint, (1970, p. 186) excopt

for vertical grainsize vardiation.

Exposure of the unsorted sandy siltstones was intermittent, but
sufficient to be confident that they arc generally clast-free, except for a
band of tillite about 1 m thick at 1117 m. It is difficult to see how clast~
free tillite caon be in contact with clast-bearing tillite with apparcntly
sharp boundaries, as it requires a sudden change of source materials. None-
theless, the clast freoc material appears identical to the matrix of the
clast-boaring tillite, although subtle differences of, say, chemistry may be

prosent.

Tho lithologies of (4) and (5) above have previously been discussed and
considarad to be of shallow lacustrine or possibly shallow marine origin

(sce ciscussion of mombers 1 and 2).

Member 6.
224 m from 1130 to 1354 m consists of:
(1) Leminated and unlaminated siltstones. (381-184, -185, ~186, -189, -191,
-192, -193)
(2) Sandstone with siltstons laminae, and

(3} Unsorted sandy siltstones.

Pepositional Environment
Lithology {1) above is seen as normal desp leke or maderately shallow
sea deposits. Some beds contain o little sand, but they are gencrally well

sorted, They show no sign of grading.

The unsorted sondy siltstones (3) resemble those described befare
{(Member 5) except that herg, at 1250 m, two lenses of pure white and grey
limestone, free of clastic material, cccur within the apparently continuous
matrix. These could represent subglacial limestones within a lodgemont type
of (clast-free) till, but the base of this particular unit is gradational
aver about 2 m, and this featura contradicts an over-ricding ice sheet
origin as proposed by Spencor (1971, p. 11-12),and as mentioned above
(Member 3). The origin of thesc lenses, which are parallel to the bedding

of the nearby lithologies, is scdimentary, and they do not reproesent
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stretched limpstone clasts, but further refinoment of origin is not

considored possible.*®

The remaining lithology (2) hes already been discussed (Membor 2).

Momber 7.
This momber of 267 m thicknoss consists of:

(1) taminated and unleminated siltstones with minor micro cross lamination.
(381194, ~195, -196, -197 & 381-083)

(2) Silty sandstone (381-204)

(3) Graded bedded sandy siltstone (381-200), and

(4) Tillite

Deopositional Environmont

A thin layer of tillite at 1543 m in this member is thoe only clear
ovidence of the prescnce of glacial conditions at the time of deposition of
thoso sediments, Tha gonerally well sorted siltstones, mostly unleminated,
appear to bo of docper water origin than the previously described secdiments.
The grading in 381-200 is poorly developed, but clearly presont over some
4 m. This, it is felt, represents a seasonal source. Sedimentation was
rapid, with probably insufficient time for sorting to occur between sediment
influxes. A laysr of complete oross heds was seen near the top of the
member at 1565 m and is indicative of rapid sedimentation. {See plate ac. )
The repid deposition and not deop water may be responsible for the pro-

dominantly unlaminatod lithology.

Member 8.
40 m of massive boulder tillitc occurs from 1621 to 1661 m {201 m From

the top of the sequenco).

Depositional Environment
The bass appears to be sharp, but no other evidence of the method of

deposition was noted. It is probable, if the underlying sediments ropresent

* It should bo pointed out that stoss and lec structures ars absent Trom thosc
continuously deposited sediments and hence tho mechanism of deposition
mentioned by Page (1970) is inadoguatc in the Pepuarta Tillite Deposits.
Other mechanisms may cxist.
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a degper wator cnvironment, that at least some of thig matorial was rafted,
in contradiction of the sharp hase of tho lithology. No cvidence of a

shallowing onvironment was seen in tho underlying sedimonts,

Member 9, )
Apart from occasional gritty banus, generally only a fow centimetros
thick, the lithology of this membor is laminated siltstong, some showing
simall-scole cross lomination. The grits appcar to be deposited over a
period with nérmml scdimentation continuing uninterrupted. The siltstoncs
arg moderately to well sorted fine, modium and coarse grained rocks with no
caleite detected in any outcrop or spocimen (881—080, ~081, HDGE), though

dolomite may be proscnt. (No test for dolomite was attemptod )

Depositional Environment

Bimilar conditions to thosc prevailing beforce deposition of the tillite
of membor 8 are indicated excapt that the lominations and cross laminations
indicate a shallow watcr body. The Nuccaleena dolomite must have boon
deposited under shallow water conditions and that unit directly overlios
this membor. The complete lack of carbonate in these sodiments is their
most notable feature, as calcite is abundent in almost all other sedimonts
of the formation. {See "Calcium Carbonate in the Pepuarta Tillite

{(Formation)", Appendix IT).

The Pepuarta Tillitce Formation - Summary

A gradational basc and top of the formation is indicated, although the
mapped top is taken as the distinctive Nuccaleena Dolomite Equivelent.
Glaciel advancos and rctreats appear tc have boen numerous throughout
deposition of tho formation, with predominantly shallow weter sedimentation
ant grounded continental ice shests depositing lodgement tills and various
outwash sadiments according to the position of the icc sheet terminus. Hapicd
sodimentation is indicatod in many pleaces by tho lack of sadimentafy
structures. It is probable that both wel- and dry-basod glacicrs contributed

to deposition in this arca.

It seoms, from the above discussion and from mapping, that thc members

described are not likely to bo traccable ovor great distancos, and therce
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appears to be a significent change in lithology across the syncline in the
mapped area. Further, Robinson {1966) shows that the formation thins
greatly elsewhere within the area of the Eudunda 1 mile sheet. Various
authors have described the upper giacial sequence and bave commented simi-
larly on its discontinuous nature (e.g. Coats, 1971, p. 86, Dalgarno &
Johnson,; 1964k, p. 3, Coats, 1864, p. 12). This fact appears to be in
disagreement with the concept of a continental ice sheet having provided

the source material of the formation.

The problem of defining the direction of movement of the ice cannot
be solved in this area, and the data of palaeocurrent directions (14) and
thinning of sendstones (5) conflict not only with each other, but with ice

movement directions deotermined elsewhoro

The total thickhess of the Pepuarta Tillite Formation in this arca is
1862 m.
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Conclusions

Te

The Eudunda 1-mile sheet is a generally adequate representation of

the scdimentologilcal boundaries in the examinad arael.,

The Eudunda Arkose Member of the Tapley Hill Formation is not truly

an arkosa,

The so-calleod intorglacial period is frog of any ovidence of glacial

activity.

The Tapley Hill Shale in this rogion is not more calcarcous towards

the top as it reportedly is elsewhere in the Adelaide Geosyncline.

The rcturn of glacial conditions during the Marinoan epoch was gradual
as was the roturn to non-glacial conditions at the close of

scdimentation of the Popuarta Tillite (Formation).

The individual bods of the Pepuarta Tillito {Formation} are generally
highly calcareous. The deposition of this material (micritc) was
probably contemporancous with sedimentation though a mechanism cannot

be proposed. (See Appendix II).

One major deformation has affoectod the area, the motemorphism being
of low biotite grade. A second, minor, deformation may have occurred

and produced a socond, very weak, cleavago,

The nomenclature of the lowsr glacial beds suggested by Bobinson
{(1966) is unsatisfactory. It is considered that these rocks should
be given a farmation neame with the individual units, the Hansborough

Tillite, Gilbert Range Quartzite, and Appila Tillits becoming members,
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APPENDIX T

Rock and Thin Section Descriptions

Explanations

1.

Detrital rock names conform to the scheme proposed by Folk,
Andrews and Lewis, 1970,

Clastic constituent percentages are not expscted to be precisely
reproducible. They represent the number of greins in a counted

100 which were of each of the mineral types listed. The 100 grains
counted represented approximately proportionally the full range of
grainsizes of the identifiable clastics - those of coarse silt size
or larger. Matrix to clastic ratios and mineral percentages within
the matrix were estimated.

The grainsize analyses were obtained in the same way, and the
figures gquoted arg for the coarse silt and larger grains only.
Thet fraction of the slide of finer material, fincr silt and
orthogenic minerals, was ignoired.

Control on grainsize grouping was maintained by using a cerd of
standard grainsizes, which was viewed through the microscope
before sach slide was examined for grainsizoe.
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Taploy Hill Egrmation

381=-212

Grey, greeny-brown weathoring, indurated, laminated, well-sorted,
maedium siltstone: ecalc-cemented quartz lutite.

Micro:
L]

1. Constituents::

Quartz 48k
Feldspar 18% -
Zircon Trace
Muscovite (7
Biotite Fh
Cpagues %
Calcite a42%
2. Fabric:
Biotite is aligned parallel to cleavage. The calcite is strongly
deformed.
381-213

Grey, green-weathering indurated, thinly laminated, very well sorted,
very fine siltstone: lutite.

Micros
he—T—

Platey minerals, 7bioctite, are aligned parsllel to cleavage. A slight
compositional grading of slightly more siliceous, coarser grained bands
and finer grained, more ?biotite-rich bands is present in this section.
This banding coincides with bedding and also cleavage, which are
approximately coincident in this rock.

381-214

Grey, brown-weathering, well indurated, massive, pourly sorted gritty fine
sandstone: calc-cemented feldsarenite.

Micro:
1. Constituents:

GQuartz 40%
Feldsper (Orthoclase 60%, '
Plagioclase 35%, Microcline S%h) 36%

Biotite 1%
Sericite (Alteration product of
feldspar) L%
Calcite &%
2., Fabric:

Quartz grains are sutured and show some welding of contacts.
Biotite is eligned parallel to clsavage.
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Taploy Hill Formation

381-212

Groy, greeny-brown weathcring, indurated, laminated, well-sorted,
medium siltstone:r calc-cemented quartz lutite.

Micro:
1. Constituents:
Quartz 40%
Feldspar 15%
Zircon _ Trace
Muscovite %
Biotite =)
Opagques 1%
Calcits 4%
2. Fabric:
Biotite is aligned parallel to cleavage. The calcite is strongly
deformed.
381-213

Grey, green-weathering indurated, thinly laminated, very well sorted,
very fine siltstone: lutite.

Microp:
VTN Skl

Platey minerals, 7biotite, are aligned parallel to cleavage. A slight
compositional grading of slightly more siliceous, coarser grained hands
and finer grained, more 7biotite-rich bands is present in this section.
This banding coincides with bedding and also Gleavage, which are
approximately coincident in this rock.

381=214

Grey; brown-weathering, well indurated, massive, potbrly sorted gritty fine
sandstone: calc-cemented feldsarenitc.

Micro:
1. Constituents:

Quartz 405
Feldspar (Orthoclase 60%, '
Plagicclase 35%, Microcline Sh) 36k

Biotite 1%
Sericite (Alteration product of
feldspar) 1%
Calcite &5
2. Fabric:

Quartz grains are sutured and show some welding of contacts.
Biotite is aligned parallel to cleavage.
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381-218
Gray, greeny-brown weathering, indurated, laminated, very well sorted,
medium to fine siltstone: Calcareous lutita.

Micros

Biotite and chlorite arc reocognizable in the fine grained groundmass.
The clastics have not bsen identified. Platey minerals are parallel
to cleavage.
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Eudggda Arkose Member

381-209=-A

Grey, dark brown-weathering, indurated, laminated, moderately sorted,
silty fine to very fine sandstone! subfelds-arenite.

Micro:

1. Constituents:

)

E:ig;zar (Orthoclase 80%) igﬁ
PAY (piagioclase 20%)

Opagues < 1%

Biotite (= chlorite) 40%

2. Fabric:

Biotite is aligned parallel to cleavege. Guartz and feldspar grains
are only slightly sutured.

3. Grain Size:

Quartz & Feldspar FS 5%
VFS  16%
CZ 7%

3812098

Similar in all respects except that a higher proportion of the feldspar
present is plagioclase.

381-210-A

Brey, indurated, laminated moderately sorted fine sandstone: quartz
arenite.

Micro:
1. Constituents:
Quartz 9
Muscovite o
Feldspar (Plagiocclase
& Microcline) 3%

2. Fabrio:

Homogeneous. Micas not aligned (detrital). Quartz grains are
welded at points of contact and show some suturing.

3. Grainsize:
Huartz FS 10% Feldspar VFS~ 705
VS 37h CZ ~ 3
CZ 53
38 1-210~8

Is identicel in all respects to 210-A.
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Pepuarta Tillite Formation

381-128

Grey, grey-~weathering, indurated, well-sorted, finely laminated,
medium siltstone: calc-cemented lutite with poorly-sorted coarse to
very fine sand in thin bands, and clast(s) up to 3 cm. diameter.

381-129

Grey, grey-weathering, indurated, well-sorted, finely laminated,
medium siltstone; slightly-calecareous lutite with poorly-sorted coarse
to very fine sand in thin bands.

381-130

Laminated siltstone with sandy layers. Giltstone: Grey, light brown-
weathering, laminated, moderetely sorted, sandy siltstone: calc~cemented
lutite. Sandstone: White, grey-weathering, induratcd, poorly-sorted,
silty coarse sandstone: calc~cemented quartz arenite.

Micro:

1. Constitueonts:

(a) siltstone: Quartz 34%
Opagues 1%
Matrix (with abundant calcite) 63%
{b) Sandstone: Quartz 48%
Feldspars (Orthoclasc) %
Opagques o
Calcitc 25%
Matrix 12%

2. Fabric:

Coarscr quartz grains show somc suturing and no welding is evident,
presumably because grains are surrounded by caelcite and matrix
particles.

€l Grainsizes

(a) siltstone: FS 10%
VFS 15%
cz 75
(b) Sendstone: CS 36%
MS 25%
FS 7%
VFS 10%
(474 20%
381-131

Grey, grey-weathering induratcd massive very poorly sorted gritty
siltstone: calcareous quartz lutite.

Micros
1. Constituents: Quartz 26k
Feldspar (Orthoclasc) 14%
Calcito 12k

Mica (Biotite) as%h
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3B81-131 (contd.)
2. Fabrics

Quartz grains show very little suturing and ars angular. The mica
is aligned parallel to cleav -e. Homogenous.

3. Grainsize:

Ruartz and feldspar grains average about the same size. GSize
analysis of the )GDEI‘SG silt is as follows:

Cs &l
MS 14,
FS 2%
VFS 24%
cz 35%

381-132

Grey, light brown-wsathering indurated interbedded moderately sorted
gsandy cparse silistone: quartz lutite and moderately sorted silty
medium sandstone: calc-cementod guartz argnite.

Micro:
1. Constitusnts:
Sandstone: Quartz 5%
Feldspar (Orthoclase
& Plagioclase) oy
Opagues <%
Biotito To
Muscovite i
Calcite 2%
Siltstone: Sand sized grains appear to be mainly quartz with
- o minor feldspar. S
2 Fabric:

Quartz and feldspar grains are sutured with welded contacts.
Biotite is parallel to cleavage.
381-133

White, brown-weathering, vell-indurated, massive, moderately sorted
medium sandstone: calc-cemented quaertz arenite.

Micro:
1. Constituents:
Quartz v
Feldspar (Plagioclase)} iy
Opaques <%
Calcite 21

Limonite (after Pyrite?)~2%h
Muscovite So
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381-133 (contd.)
2. Fabric:

Homogeneous. Quartz grains show some suturing and they are welded
at points of contact. There is no apparent orientation of the

minerals.
3. Grainsizes
Quartz: MS 1o
FS  48%
VFS a4tk
381~-134-8

Grey, grey-green-weathering, weakly indurated, very poorly sorted,
sandy coarse siltstone: calc-cemented quartz lutite.

Micro:
1. Constituents:
Quartz 500
Feldspar o0%
Opaques < 1%
Calcite 18%
Bigtite 1%
2, Fabric:

Few grains are in contact and no welding has occurred although
grains are sutured. B8iotite parallecls the daminant cleavage,
though a secand much less well-defined alignment is visible at
an angle to it. A few? micas parallel this ?second cleavage.

381-135

White, yellow-weathering, indurated, massive, very poorly sorted
intraclast-bearing micrite.

Micro:
1. Constitucnts:
Quartz 19%
Feldspar 10%
Rock fragments 10%
Calcite 60
Sericite ~ Th
2. Fabric:

Groundmass of calcite contains isclated, poorly-sorted, well~-
rouncded grains of &, R & F. The calcite matrix is streaked out
parallel to cleavage.

3. Grainsize:
Granular & Clasts 5t
VCS 20
cs 45%
us 20%

FS 104,
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381-136
White microcrystalline calcite with a few guartz sendgrains.
Micros:
Constituents:
Calcite (some recrystallized) 98%
HQuartz ' Fo
381=-137

White, brown weathering, massive, very well sorted, medium- to fine~
grained sandstone: calc-cemented quartz arenite.
381-138-A

Greeny-grey, brown-weathering, indurated, laminated, very poorly
sorted, gritty coarse siltstone: calc-cemented guartz lutite.

Micro:
Quartz and feldspar grains are sutured. Biotite in the matrix is
aligned parallel to cleavage.
381-139
Yellow-brown weathering, moderately indurated, laminated, cross—
laminated, moderately sorted fine sandstone: 7calc-cemented,
subfeldsarenite.
381-140~A
Grey, grey-weathering, massive, poorly sorted, slightly sandy coarse
siltstone: calc-cemented lutite.
381-140-8
Whitc, brown-weathering, indurated, massive, well-sortcd, fine sandstone:
calc~cemented subfeldsarenite.
381-141-A
Grey, white-wcathering, massive, poorly sorted, silty, very fine sand-
stonc: calc-cemented, 7subfoldsarenite.
381-142

Gray, grey-green weathering, indurated, massive, poorly sorted, sandy
coarse siltstone: calc-cemented quartz lutite.

Micro:
1. Constituents:
Quartz = Feldspar 30h
Opagues & W
Bioctite 2%
Calcite ao%

Chlorite ~ s



381-142 (contd. )
2. Fabric:

Quartz grains are sutured and mica is aligned parallel to cleavage,

381-144
Grey, white-weathering, weakly indurated, moderately sorted, sandy
Coarsc siltstone:; OCalc-cemented guartz-lutite,
281-145
Grey, grey-woeathering, indurated, massive very poorly sorted, dirty
fine sandstono: caolc-cemonted subfeldsarenite.
Migro:
1. Constituents:
Huartz 319
Feldspar (Plogioclase 20%

Orthoclase 80%) 174
Carbonate clasts (dirty

calcite) 8%
Muscovite 30%
Calcite 145

2. Fabric:

Quartz and feldspar grains are sutured and muscovite is parallel
to cleavage. The coarbonate clasts are slongated parallel to

claavage.
3. Grainsizo:
VCS =
Cs 2
M3 45%
FS A5
VFS 3%
974 o

This sediment appears to be bimodal with medium and fine sand being
dominant among the identifiable clastics.
381-146

White, brown-~weathering, well-indurated, massive, very well sorted
medium sandstone: calc-cemented feldsarenite.

Micro:
1. Constituents:

Quartz - 10%
Feldspar (Orthoclase 75%
Plagioclase 23%

Microcline 2%) 62
Opagues o
Chlorite 2%

Muscovite (Sericito as
alteration of
foldspars) 7
Calcite 23%
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381-146 {contd. )
2. Fabric:

Muscovite is parallel to tho boundarics of the grains of guartz
and feldspar and is not parallel to cleavage as in other rocks. The
gquartz and feldspars show suburing and welding of contacts:

381-147

Grey, grey-green-weathering, weakly laminated, poorly sorted, silty
fine sandstone: Tguartzarenite.

381-148

Grey, brown-weathering, indurated, massive, very poorly sorted, silty
vary coarse sandstone: calc-cemonted subfeldsarenite with clasts.

Micro:
1. Constituents:
Quartz Ao,
Feldspar (Orthoclase 68%
Microcline 32%) 1%k
Opagues <
Biotite S50
Chlorite ~ 2
Calcite a7%h
2. Fabric:

Wuartz grains are slightly sutured and some contact points are
welded. Biotite alignment is parallel to cleavage and the
calcitepore filling is streasked out parallel to this direction

also.
3. Grainsize:

Guartz and feldspar grains average about the same size.

\VCS 12
Cs 2%
M3 3,
FS 22,

VFG 85
cz s

381--149

White, indurated, massive, very poorly sorted intraclast-bsaring
partially recrystallized micrite.

381-150

Pinkish~white, indurated, massive, poorly sorted, coarse sandstone:
calc~cemented feldsarenite.
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381-150 (contd.)

Micro:

1. Constituents:
Quartz 39%
Feldspar (Orthoclase 82,

Plagioclasa 18%) 32%

Opagues < W
Muscovite A%
Chlorite s
Biotite < T
Calcite 2%

2. Fabric: '

Muscovite and chlorite are aligned parallel to cleavage. &Quartz
and feldspar grains are sutured and welded at points of contact.
Some feldspar grains show a degree of alteration to sericite.

3. Grainsize:
Quartz CS T Feldspar cs 2
MG 34y, MG 385
F&  29% F& 4%
VFS 2% VFS 104
4 3
381-151

White, weakly indurated, massive, poorly sorted gritty sandstone:
calcareous 7subfeldsarenite.

381-152

White, brown-pink-weathering, well indurated, massive, moderately sorted
medium to fine sandstone: calc-cemented ?subfeldsarenite.

381-153

White, white-weathering, very well indurated, massive, moderately- to
well-sorted medium sandstone: slightly calcareous guartzarenite.
381-154

Greyish white, grey-weathering, well indurated, massive moderately- to
well-sorted medium sandstone: slightly calcarecus 7subfeldsarenite
with rare quartzite clasts up to 5 cm. diamecter.

Micro:
ket Y

1. Constituents:

GQuartz 515
Feldspar (Orthoclase) 2&%
Calcite 20

tuscovite <:Tu
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381-154 (contd, )

2. Fabric:
Wuartz and feldspar grains are suturcd and weldod at points of
contact.
3. Grainsize:
VGCS 3
£S 3%
WS 0%
FS 20%
VFS =7
CZ o
381-155

Whitc, grey weathering, massive, moderately sorted, gritty coarse
sancdstone: calc-cemented subfeldsarenite.

Microz:
1. Gonstituents:
Quartz 6%
Feldspar 1%
Opagues Trace
Carbonate clasts (?Calcite) 65
Calcite 18,
Sericite (Alteration of feldspars) 2%
2. Fabric:

The carbonate clasts are brown stoined while other caleite is
calourless. Tho clear calcite séparates the guartz and feldspar
grains. Quartz and feldspar grains are sutured and some welding
of points of contact has occurred. Some of the matrix calcite has

recrystallized.
3. Grainsize:
Quartz CS 27 Feldspar MS 549,

MS 3% F& 26
FS 15 VFS 10%
VFS 14% cz 0%
Cz 10%

3681-156

Grey, grey-green weathering, massive, very well sorted, medium siltstone:
micaceous, pyritic, lutite as a clast 13 cm. diameter.

381-187

White, pink weathering, well indurated, massive, moderately sorted
coarse sandstone: calc-cemented feldsarenite.
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381-157 (contd. )
Micro:
1. Constituents:

Quartz 41%
Feldspar (Plagioclase 37/
Microclina 5%

Orthoclase 58%) 21%
Opaguas o
Calcite 30%
Sericite (Alteration of feldspar) %

2. Fabric:

Quartz.and feldspar grains are sutured and welded at contacts.

381189

Light grey, brown-weathering, indurated, laminated, moderately sorted,
fine sandstone: micaceaus subfeldsarenite.

Micro:
1. flonstituents:

Quartz + 65
Feldspar {Plagioclase ~ Orthoclese) w~ &b
Muscovite {Detritel~ s

Orthogenic ~95%} 5%
Opagques & W
Limonite (Pseudomoiphing Pyrite) a%
Biotite 544

2. Fabrdic:

The rack is homogencous with respect to guartz feldspar and
biotite but the muscovite, which is aligned parallel to cleavage

is variable, being much more abundant in some areas of this slide
than in others. Some limonito staining near pyrite pseoudomorphs

is evident. Clear pressure shadows have formed around the

limonite cubes. GQuartz and feldspar grains are sutured and welding
at points of contact has occurred.

3. Grainsizo:
Huartz Fine and very fine saond.
Feldspar Very fine sand and coarse silt.

381-161

White, well indurated, massive, very poorly sorted, sandstone: calce
cemented subfeldsarenite with clasts.
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381-161 (contd. )

Micro:
1. Constituents:

Quartz ' 60%
Feldspar (Plagioclase 70%

Orthoclase 30%) 12
Opagues &5
Calcite 26
Limonite (Pseudomorphing pyrite) <t

2. Fabric:
Quartz and feldspar grains are only slightly suturcd in this rock
and the grains were originally rounded to subangular with high
sphericity.

J81-162

Grey, white-weathering, indurated, laminated, moderetely sorted fine
sandstone: calc-camented quartz arenite with siltstone layers.

Micro:
1. Constituents:

Auartz 67
Feldspar (Plagioclase 63
Orthoclase 33%

Microcline 2%) 12
Zircon Tracec
Opagues Trace
Calcite 14%
Biotitc &fo
Chlorite 1

2. Fabric:

Quartz and feldspar grains arc suturcd and welded at contacts.

Biotite and chlorite are aligned parallel to the cleavage direction.

3. Grainsize:
Quartz FS 264
VFS  48%
Cz 260

Feldspars are somewhat smaller, mostly very fine sand.

381-163

White, well-indurated, laminated, moderatcly sorted, medium sandstone:

calc~cemented, pyritic subfeldsarenite.
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381~163 (contct. )

Micrc:
1. Constituents:
Quartz 67
Foldspar (Orthoclase) 124k
Opagues Trace
Pyrite 2
Calcito 168
Biotite <:fo
2. Fabric:

Quartz and feldspar grains are sutured, but biotite is not aligned
in this section.

3. Grainsize:

Quartz and feldspar grains arc opproximately similer in size

distribution.
CS 3%
MS 34
FS 37
VFS 14%
Gz 125
381-164

Greenish-groy-weathering, moderately indurated, laminated poorly
sorted very sandy coarse siltstone: calc-cemented lutite with slightly
more sandy layaers containing less carbonate and being slightly more
resistant to wocathering.

381-165

Grey, grey-weathering, moderately indurated, weakly leminated,
moclerately sorted sandy coarse siltstone: calc-comented lutite.

38 1-166

White, grey-weathering, indurated, laminated, well-sorted fine sand-
stoneo: calc~cemented ?7subfoldsarenite with siltstone bands.

381-167

Grey, white-weathering, well induratod, weaklyllamiﬁated, moderately
sorted, medium sandstone: calc~cemented subfeldsarenite.

Micros:

1. Constituents:

Quartz 500
Feldspar (Plagioclase 65%
Orthoclase 35%) 20%
Opaguos {Magnotite) (v
Calcite 28
Biotite <N

Chlorite Trace
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3681-167 (conte.)
2. Fabric:

Quartz and feldspar grains arc sutured with contacts welded.
Biotite has formed at the expense of magnetite. Chlorite, where
it occurs, appears to be a weathering product of biotite. The
calecite matrix has been partially recrystallized,

3. Grainsize:
Quartz NS 30 Feldspar WS (Mainly
FS agh Orthoclase) 60
VFS 30 FS {Mainly
Plagioclase) 40%
381--168

Brey, grecn-weathering, indurated, massive, poorly sorted sandy
siltstone: calc-comented guartz lutite,

Micro:
1. Constituonts:
Quartz 35%
Faldspar 5k
Calcite as
Biotite 549
Opagquos ~ 2%
2. Fabric:

Biotite in the matrix is aligned parallel to cleavage. Huartz
grains are slightly sutured.

3. Grainsize:
Quartz MS 5
FS - Bk
" VFS 30%
cz 55%
3891689

White, very well indurated, banded, very well sorted, fine guartzite:
guartzarenite, metamorphosed such that the quartz grains have
recrystallized and carbonate has been introduced glong froctures at

some timo since the guartzite became brittle., The carbonate is probably
dolomitc, as no reaction with wesk acid has becn observed.

381=170

Coarse grained quartz-feldspar-biotite igneous rock - granitic.
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381-170 (contd.)

Micros:

1. Constituents:
Huartz 5%
Feldspar (Orthoclase) 3s%
Biotite 24
Magnetito &< %
Hacmatitc Trace
Sericite (Weathering

product of Foldspar) 41h

Zircon Trace
Pyrite 55
Spheno ' Trace
Ilmenite Trace

281171

Grey, indurated, massive, very poorly sorted sancdy siltstone: calc-
cemented quartz lutito with clasts.

Micro:
1. Constituents
(a) Clast: Guartz A6
Feldspar (Orthoclase 70% Microcline 30%) S
Biotite 14%
Sericite (Alteration product of feldspers) 33%h
Opaques {?Magnetite) o
[b] Matrix: Guartz 445
Rock fragments (Carbonate and some acid
igneous ) 78
Biotito 2%
Calcite 245%
2. Fabric:

[a) Clast: Biotite is aligned parallel to a former cleavage.
The regional cloavage has not affected the orientation of
micas in the clast.

(b) Matrix: Biotite is aligned parallel to the cloavage dirgotion,
and there appears to be a weak alignment of micas at 70
to the dominant cleavoge direption.

3. Grainsize: (of matrix)
Quartz C8 a%
M3 2%
FS 4%
VFS 1o

CzZ 73%
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381-173
Coarse grained guartz-feldspar acid igneous rock. Granite.
Micro:

1. Constituents:

Quartz 2%
Feldspar {Orthoclase 70% Microclime 30%)  73%
Opaques 5%

381-174

Grey, grey weathering indurated massive slightly sandy poorly sorted
Coarse siltstone: ocalc-cemented lutite.

381-175

lL.ight grey, light brown weathering indurated graded bedded modeorately
sorted silty fine sandstone: calc-cemsnted quartz arenite.

Micro:
1. Constituents:

(a) Coarser fraction of esch lamination:

Quartz 505
Feldspar ~
Muscovite ~ 1%
Opagues (Pyrite) € 1%
Limonite < 1%
Biotite P 40%
Carbonate
(?leomite) 3%
{b} Finer fraction of each lamination:
Detrital 40~5Phb
Carbonate

(7Dolomite)  60-50%
2. Fabrics

Laminated with respect to composition (detrital/chemical) and
grainsize. RQuartz grains are welded and sutured. Biotite is
prominent in the coarser fraction. The finer fraction is largely
carbonate with finer and occasionally coarser clastics, largely
quartz,

3. Grainsize:

Clastics range from fine sand to coarse silt, graded within the
laminations. Finer material is not identified. Feldspars are
smaller than the coarser quartz grains.

a4, brainshape:

All detritals are angular with high sphericity.
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381-176

White, pinky-grey weathering, well indurated, laminated, poorly sorted
coarse sandstone:  very slightly carbonote-becring feldsarenite.

Micro:
1. Constituents:
Quartz S50%
Feldspar (Orthoclase) a3,
Upagues Traca
Carbonate (?Dolomite) €5
Limonite < 1%
Muscovite Trace

2. Fabrics

Quartz and feldspar grains are sutured and points of contact
bestween grains are welded.

3. Grainsize:

Quartz and feldspar grains are approximately of the same grainsize

distribution.
CS 5
MS 5%
FS 50%
VFS  25%
CZ 15%
381-177

Greenish white, light brown weathering, well induroted, massiva,
moderately sorted, coarse sandstone: subfeldsarenite.

Micro:
1. Constituents:
Buartz 53%
Feldspar 8%
Zircon &
Biotite 1%
Muscovite 2%
Chlorite &
Sericite ~

= Fabrics

HQuartz grains arc sutursd and show welding of points of contact.
Micas arc aligned with a trend parallel to cleavage, but are

refracted around the grains.

3. Groinsizo:
Quartz VCS a5
Cs  31%
MS 23k
FS 20
VS 0%

74 2l

Feldspar CS5
Ms
FS

60
aof/?
0%
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381-178

White, dark-brown weatharing well indurated massive, very poorly sorted
gritty sandstone: caloc-cemented feldsarenite with rare clasts.

WMicros:

1. Constituents:
Quartz 45},
Feldspar 10%
Rock fragments 54
Opagues Trace
Colcite 304
Chlorite &%
7Biotite 1%

2, Fabric:

Micas parallel the cleavege direction. The calcite is deformed to
reflect this orientation. The guartz shows ilittle suturing and
no welding of contacts.

3. Grainsize:
All sizes from granular to coarse silt arc prescnt. WMaterial
finer than this has been largely removed.

381-179

Grey, green weothcring, indurated, laminatod moderotely sorted sandy
siltstone: pyritic guartz lutite.

Micra:
1. Constituents:
Quartz 2%
Biotite 60%
Chlorite a4
Pyrito 55h
2. Fabric:

Layered with indistinct grading of the finer fraction of the
clastics, but with coarser grains randomly distributed. Biotite
tending ©to be aligned parallel to the cleavage direction.

3. Grainsize:
Quartz  MS 3
FS a9
VFS &
CZ 8%
381-180

Grey, grey-brown-weathering, indurated, massive, poorly sorted,
sandy, medium siltstone: quartz lutite.
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381-180 (contd,)

Micros
1. Constituents:
Quartz 167
Feldspar (Orthoclasa) i
Biotitoc 35%
Muscovite 35%
Chlorite 5%
Carbonato 2
Pyrite 3%

= Fabric:

HQuartz grains are deeply suturcd. Biotitc tends to be aligned
parallel to cleavage.

3. Grainsize:

Guartz and feldspar grainsizes are approximately similarly distributed.

VCS LA
cs =
WS A%
FS &

VFS 1%
cz 774

3831-181

White, grey-weathering, indurated, weakly laminated, moderatecly sorted,
silty medium sandstone: slightly calcareous, 7subfcldsarenitsa.

381-182

Groy-green, WEWWmmmwh@,hﬁmmhm,mmmmmdytmpmmhfmmmm
slightly sandy coarse siltstonc: siightly calcarcous lutite.

381-183

Mixtite with gquartzite clasts up to 6 cm. diameter in a matrix of grey,
indurated, massive, moderatsly sorted sandy siltstone: ocalc-cemented
quartz lutite. :

Micro:
T, Constituents:

(a) Clasts: Quartz 9%
Calcite g
Opagues < 1

(b) Watrix; Quartz 65
Opagues <
Muscovitc 15%
Calcite 19

2. Fabrics

Homogeneous with mica aligned parallel to the Cleavage diroction.
There is o suggestion of a second weak orientation direction of

muscovite,
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381-183 (contd.)

3. Grainsize: {Matrix only)

Quartz M5 B%
F&  20%
VFS 34y
Cz 3%

381-184

Grey-green, grey-weathering, indurated, weakly laminated, wcll sorted
medium to coarse siltstome: lutite.

281185

Brey, grey-weathering, indurated, massive, well sorted, coarse
siltstone: lutite with manganecse dendrites on cleavage planas.

Micro:
1. Constituents:
Quertz 504
Feldspar (Plagioclase) <
Mica (Detrital Muscovite) n T
Opagques {Pyrite) i
Biotite 124
Chlorite 239
Calcite 10%
2, Fabric:

Huartz grains are sutured., Biotite and chlorite are alignod
parallel to cleavage and the calcite pore filling reflects this

alignment.
3. Grainsizo;
Quartz FS 12
VFS 16k
cz 2%
28 1- 186

Green, grey-woathering, indurated, laminated, well-sorted, slightly
sandy coarse siltstone: calc-cementod lutite.

381-189

Groy, green-woathering, induratcd, massive well sorted medium to coarse
siltstone: celcwcemented quartz lutite.

flicros:
1. Constituents: .
Quartz and Feldspar {Indistinguishable) ~ 40%

Opaques (? and Pyrito) ~ 5h
Biotite ~23
Calcite ~ 25

Chlorite ~ K
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381-189 (contd.)
2. Fabric:

Biotite and chlorite parallel cleavage. The coarser grains can
be seen to be sutured slightly.

3. Grainsizo:

Some coarse silt, but mainly Finer.

2681-150

Cream and grey laminated fine grained limestone as lenses within a
tillite band.

281-191

Grey, brownish-groy -weathering, indurated, laminated, well sorted
fine to medium siltstonc: quartz lutite.

Micros
1. Constituents:
Quartz and foeldspar 25%
Biotite ~ 704
Carbonate ~ 34
Opagues {Pyrite) 24
2. Fabrics
Quartz grains are suturctd and bictite is aligned parallel to
cleavags.
381192

Groy, light-grey weathering, indurated, massive, woll sorted, slightly
sandy siltstonc: Tguartz lutite.
AB1-193

Grey, brownish-grey weathering, induratcd weekly laminated, moderately
sorted slightly sandy coarse silistone: gquartz lutite.

Micros
1, Constitucnts:
Quartz 54'%
Feldspar (Orthoclase) ~ 1,
(nagues <%
Muscovite 20%
Biotite 135
Chlorite P
Calcitc 34

Pyrite 1h
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381-193 {contd. )
2. Fabric:

Quartz grains are sutured and show some welding of contect points
between grains. Micas arc mostly aligned perallel to the dominant
cleavage direction, although a sscond alignment is evident with
chicfly chlorite with some ?muscovite defining it. Some chlorite
appears to be replacing biotite in places.

381- 194

Green, brownish-grey weathering, indurated, laminoted, very well-sorted
medium siltstons: slightly calcarcous lutite,

381-195

Grey, grey weathering, moderately indurated, massive, well sorted,
coarse siltstons: ocaloc-cemented quartz lutite.

Micra:

1. CGonstituents:
Huartz and feldspar 55
Opagues (7 and Pyrite) S
Biotite ~ 5k
Chlorite 5/
Calcite ~ 30%

2. Fabric:

Biotite is aligned perallel to the cleavage direction and the
calcite pore filling rceflects this. GQuartz grains are sutured.
381-196
Grey, dark-grey-weathering, well indurated, massive, moderately to
poorly sorted soncy coarse siltstone: gquartz lutite.
38 1=-197

Dark-grey, greeny grey-weathering, well indurated, massive, poorly
sortod sandy siltstone: quartz lutite.

Micros

1. Constituents:

Quartz a4ty
Biotite 5%
Opagues (Pyrite cubes) 3/

2. Fabric:

GQuartz grains are suturaed end biotite is aligned parallel to
cleavage.
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381-197 (contd.)

3. Grainsize:
Quartz M& B
FS 145,
VFS 30%
74 50
381-200

Greenish-grey, grey-weathering, indurated, graded, bedded, poorly
sorted sandy coarse and fine siltstone: calc-cemented quartz lutite.

The grading is irregular from <<1 mm. to >ﬂ em. There is a slight
compositional change with calcite being more abundant in the coarse
fraction than in the finer layers.

381204

Grey, grey weathering, indurated, massive, moderately sorted very
silty very fine sandstone.

381-082

Grey, grey-brown-weathering, indurated, laminated end cross laminated,
moderately sorted, slightly sendy, fine siltstonc: 1lutite.

381081

Greenish grey, grey-weathering, indurated, laminated, moderately sorted,
slightly sandy, finc siltstone: lutita.

381-080~

Graoy, light brown-weathering, indurated, laminated, well sorted, finc
siltstonc: lutite.
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Taneous Bocks

AB1-197-A
Biotite-feldspar rich coarse grained igneocus rock.
Micro:

1. Constituents:
Biotite 305
Orthoclase 55
Microcline &o
Plagioclase 2o
Chlorito <
Calcite ~ 3
Quartz ~ s
Magnetite Zp
Sericite Zpo

2. Fabrics

Homogeneous holocrystalline rock with biotite replacing megnetite.
Some calcite, presumably an alteration product of plagioclase, is
present. Sericite represents the alteration of feldspars. Some
chlorite is present, end probably represents the weathering of
biotite.

361=199-A

This is an intrusion breccia with fragments of siltstone end fine
sandstone cemented by a very fine grained, biptite-rich magma.
381-199-3

This shows the contact between the igneous matrix and a sandy fine
siltstone fragment in the breccia., Iron-rich solution staining can be
seen in the siltstone near the contact.

381~202

Fine grained melanccratic igneous intrusion with chilled margins
intruded along a ?fault plane. Biotite is the only recognizable mineral,
and it is coarscr near the centre of the vain.
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The percentages of calcite, mostly micrite, present in each thin
section was estimated, and the results for the slidos of the Pepuarta .
Tillite rocks are shown in Fig. 3. No pattern is discerneble, at least
with this number of samples {36). The average value is 20% leaving out
the non-calcareous sediments of Member 9. The average for the matrix of
the tillites is somewhat higher at 26%h.

Carsy & Anmed (1960, p. B871) consider that dry-based glaciers leed to
sediments associated with calcite, but the evidence that both wet- and dry-
based glaciers were praesent is considered reasonable though probably dry-
basaed glaciers predominated.

Kirkland and Anderson {1969, p. 19) have shown that varved sediments
have a higher calcite content in the light coloured leminae (up to 60%),
but this feature has not been identified here. The sediments examined
may not, therefors, be varves.

From consideration of the thin sections, it seems likely that the
calcite of at least the siltstones is a direct chemicel precipitate as
permeability of thess beds is too low to allow diagenetic deposition of
calcite from circulating conate waters. The same argument cannot be
advanced for the high calcite sandstones, but it is felt that at least the
subaqueous sediments must have obtained their calcite from contemporanecus
precipitation,

The source of the calcite may have been the glacial sediments them-
selves as some calcite clasts are present in the tillites, but whether
supply of such vast guantities of calcite by such means is possible is
not known. It is possible that what has been interpreted as lacustrine
environments were shallow marine environments, and that the calcite was
derived from the sea. Palescosalinity work may help to resolve the calcite
supply difficulty.
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APPENDIX ITITI

The Origin of the Mixtites of the Pepuarta Tillite Formation

Abundant works exist which indicate differences between tillites and
mixtites of other origins. (Flint, 1970, p. 152-153 & p. 156-158,
Harland, et. al., 1966, p. 2561, and Spencer, 1971, p. 63~64, to mention a
few.) Spencer sets out a table of criteria which is presented (modified)
here as Table 1, which is largely self-explanatory.

To summarize, however, 8 criteria are present in the area examined
which indicate the tillitic nature of the Pepuarta Tillite sediments. Of
these, no. 7 {see Table 1) is considered concrete evidence by Harland,
et. al. It should be pointed out however, that droppecd clasts are confined
to member 1, and that they are not frequently seen. GSimilarly the laminated
deposits are quite possibly varved, at least in places, but definite
identification of varves has not been possible. It is felt, however, that
these deposits are seasonal. Further petrological examination of a large
number of samples of laminated siltstones and siltstone-sandstone beds may
indicate seasonal deposition of calcite as described by Kirkland and
Anderson (1969) when speaking of varves. Lastly, while facetted clasts
were not definitely seen, many generally rounded stones possessed one or
more flattened surfaces which may or may not be facets. The lithologies
of such clasts were largely metequartzite and acid igneous with no cleavage
or gbvious planar features present.

Of those criteria absent, the most damaging to the case for a glacial
origin for the mixtites is the complete lack of structures made by moving
ice and of ice~contact features (5 in Table 1). The proposed series of
ice advances and retreats, it is felt, should have left some of these
features preserved in the sediments. If the source was an eastern or
western one (for which no evidence exists in the examined area) these
features may be present but concealed by the nature of the outcrop which
strikes north-south.



Table 1, Criteria for Identifying Glaciael & Cold Climate Deposits applied to
the Pepuarta Tillite.

Evaluatian Present {P)
Criteria of Criteria Absent (A)
Comments
A, Evidence of Glaciation: _
1. Basement Pavements 2 Not expected = no
. unconformity
2. Streamline Topogrephic Forms Unlikely in this deposit
3. Tillite:
a) Large range of grainsizes P
b} Unsorted deposits P
c) Sheped stones 2 7
d) Striated stones 2 A
e) Till Fabric e Obliterated if present
) Erratic Clasts & Fresh Minerals P
¢) Boulder Pavements A
h) Great Thickness & Lateral o
Extent 1 P
(1) Moraine Deposits A
4, Stratified Drift:
a} Outwash Sediments P
{b Varved Deposits ?F
5. Structures made by Moving Ices A
8. Non-glacial Evidence of Copld Climates:
6. Features made by Fresze & Thaw:
(solifluctlion, Involution, Ice-wedge
Pseudomarphs ) A
7. Hafted Clasts in Lamlnated Sediments 3 P
8. Presence of Hock Flour 2 No attempt to ddentify it
9. lLarge Blocks of &xtra-basinal
Material widely distributed 2 P

Harland et al, (1966, P.25%) noted: 3 - this is "one criterion for
glacial origin which can be used alone & considered decisive'y 2 -~ these
"van be explalned in more than one way. However, in sufficisnt quantity or
quality, these factors may justify a elaim for glacial origin"; 1 - the
results of the very extensive areas over which tills may be present. This
factor "may be overwhelmingly convincing but is not in itself decisive".

This table is modified after one by Spencer {1971, P.64).

LedeM, 1972
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Structure

Structurally the arsa is simple with a mejor northescuth trending
syncline with steeply dipping limbs, and a minor anticline and syncline
parasitic on the larger structure which die out towards the south. It is
these structures which produce variations in dip from steeply waest to
horizontal across the western limb of the major syncline which are seen
on the map. Additionally, numerous small parasitic folds (1-5 m across)
can be seen in the western limb. These probably exist also in the sastemn
limb, although exposure is 1i§ited in that position. All measured
structures plunge at ebout 10 towards the south. A strong axial plane
cleavage has developed in the siltstones. A simplified tectonic sketeoh
is presented in Fig. 4. The probable time of deformation was Early
Palaeozoic,

Outcrop in the examined area reveals only evidence of a single
deformation, but some thin sections appear to show some evidence of a
second, subsegquent event. (381-134-B, -171, ~183, =193) The grade of
metamorphism is lower biotite grade, and this is in agreement with Offler
& Fleming (1967). The minerals defining the ?second cleavage, which is
extremely poorly developed, appear to be chlorite and possibly muscovite.
These are shown best in 381-193.

The drainage pattern consists of winor north-south trending creeks
Tecding major east-west creeks. The former is considered a conseguence
of differsntisl weathering properties of the lithologies, but the latter
craeks have cut down through thick, very resistent quartzites in places.
It ie probable that a series of minor east-west faults or joints has made
this possible, end in places the creeks can he seen to follow closely widely
spaced Jjoints which are, at one location, intruded by a dark igneous rock.



FIG 4

SIMPLIFIED TECTONIC SKETCH
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Photographs not Specifically Referred to in the Text




PLATE 5

Slumped beds near the top of the Tarcowie Siltstone. About 8 m

of beds are affected.

Lrock bed 34° 74708 /397 a5 S0’

Typical of the siltstone with sandstone laminae about half way up
Member 1 of the Pepuarta Tillite (Formatimn), Cleavage has broken the
sandstone laminae into augen-shaped pieces in places. The length of
the bar perpendicular to bedding is 45 cm. The individual sandstons
laminae are merked with a black stroke. Note that the siltstone between
sands is still laminated, indicating the intermittent supply of the

(here) very fine sand.

br creek Pase lrack betwess SbKIEEs Rd. F Roelide fol H 13658  439° 0d-60'L

A photomicrograph [GGDXJ of 381=-135. The matrix is calcite [micrite)
and flowing water has removed the fines, leaving only coarser send and

small clasts, This is probably a subglacial limestone. Crossed nicols.



PLATE 5




PLATE &

The largest clast seen in the Pepuarta Tillite [Formation). This
is & broken round of about 1 m long axis. The clast is of vein-type
guartz and is enclosed in a poorly sorted gritty cozrse sandstone

about 3 m thick with a few other, much smaller, clasts.

Lo Juartzibe ouvbcrop mear Eop of Al 347 13 50°8 /387 o4 20'E

A band or lens of pebbles and cobbles seen in a massive coarse
esiltstone. The clasts are frequently in contact and the matrix resembles
the surrounding siltstone. No grading is visible. The material may
have been dumped from an overturned iceberg but no other clasts were
seer in the enclosing lithology. Note the clast below the band of

robbles. The card is standard size.

Creck bect 38° 410 35'8 479" 04-25°F

A grit band now deformed, in the laminated siltstones of member 9
of the Pepuarta Tillite [Formation), Siltstone deposition appears to
have been uninterrupted and vague bedding occurs within the grit band

itself.
34° s5-00'8  438° o4 a'E
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PLATE 7

A smell plug of coarse grained biotite- and Feldspar-rich igneous
rock. Several larger plugs occurred nearby, with the nearby siltstones
showing an aureole in which some epidote was seen on joints. Similar,
though finer grained materisl intruded east-west ?Fault planes and the

creek had followed the joints.

Goak Lol I° 14 35°8 4397 o 07’E

An intrusion breccia showing angular fragments of siltstone in a
matrix of the above biotite-rich material and crushed siltstone. The
coarse grained nature of the igneous rock and the presence of the
intrusion breccia are conflicting evidence of emplacement depth, but
it is considered thet the intrusions were emplaced at very shallow

depths.

Crackh Ao 34° 27358 /39° o4 oF &
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\ HANSBOROUGH
BRIDGE

THE GEOLOGY OF THE
EUDUNDA — HANSBOROUGH AREA
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PROTEROZOIC
ADELAIDE SvSTEM

NUCCALEENA OOLOMITE EQUIVALENT: Thin, slightly sendy white dolomite.

PEPUATA

L1itas, sorted G unsarted lasinated G mssive stlts
JICNIE SLISTONE EQIVAENT: Grey, Grey gremn we
1an;

TAPLEY HILL FORUATION,  Grwy, grey ana grem weatraring, well drareted,
laninated, well sorted, sligntly sandy, medium to coarse silts:
celcareous lutite with fine sandstone bands.

APPILA TILLITE: Grey & green, grey weathoring, var
laminated, s1ignely sancy medium siltstone: lucite, witn gricty ban
numerous

towards tho ba:
GILBEAT WANGE QUARTZITE: Thin, white, yellow & red weathering, um
indureted, cross beddod, moderately sortec, sandstones with rare

Gomon clists in some &' nterbeds of gree'C grey lavinated siltstonss.

gartaite, o
ments in

] roos o

STRATIGRAPHIC  SECTION <

UTH AUSTRALIA.

ULLPA SILTSTONE EQUIVALENT: Lignt grey, pink G brown westnering, laminated,

Re Aitwted, Vary wall aortas, ine oreired prictippivs Ty rirton
Lower part well' ino

TILLITE: Complex group of lithologies including:
tone:

rse sandstones, laninated sandston:
e g e Rt very calcareous.
tharing, induratad,
ted, well sorted, slightly sandy, medium to coarse silt
careous Lutite, with indursted member.

EUDUNOA ARKOSE WEMBER: Greyish blue, grey and brown weathering,

Incurates, Lentnated, crass laminated, moderetaly sorted fine
quartzarenite with pyrite cubes.

TINGELPINA SHALE MEMBEF: Black, black weathering, indurated, extremely

finely laninated, very well sorted, extremely fine siltstone: lutits,

with bands of black dolomite. Pyritic,

tously indurated,

to coarse cross bedded sandstones and rare tillite lenses

ILLTTE:  assive boulder tillite with atundant erratics of
gneisses, dolonites, shale end schist frag-
2 Sy £330 o st1ty aane aalrin.
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