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ABSTRACT

Late Pre-cambrian sediments, in the vicinity of Sturt Gorge,
have been mapped and investigated geochemically., The sequence
consists of 112 metres of tillite and interbedded arenites (Sturt
Tillite) overlain by about 2000 metres of finely laminated shales
(Tapley Hill Fommation).

A combination of geochemical and stratigraphic observations
suggested that silts derived from the till matrix were transported

into a shallow marine basin by the process of glacial outwash.
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INTRODUCT ION J

Siltstones form the largest group in the sedimentanyﬁ
sequence (Wedepohl, 1966), therefore any method Which_céﬁld
aid in thoir interpretation would be valuable. This is
possibly ceven more true when fossil evidence is cbsent.

The project attempted to solve such o situstion For the
Tapley Hill Formation and Sturt Tillite, in their type aren.
This consisted of oleven square kilometres, twelve kilometres
south of Adelaide, South Austrelia. (Pig. 1). Mopping was
carried out on the Sturt Tillite with approximate limits being
recent housing developments oround Sturt Gorge. Sampling of
the overlying Tapley Hill Fonndtion extended from Sturt Gorge
in the east to Brighton Quarry in the west. (Appendix IIT,
Map 2).

Investigntions were carried out with two main oims.
Firstly to interpret the enviromment of deposition of the
Tapley Hill Formotion by the use of geochemical parameters.
Secondly to quantify any geochemical relationship which might
exist between the Tapley Hill Pormotion arnd Sturt Tillite
and hence deduce their sedimentologicol relotionse

Previous discussion of the area has been carried out by
Howchin (1918, 1927), Sprigg (1942, 1946) and Hosking {4962).
However, these dealt mainly with mapping and stratigraphy.

Age determinations by Compston et al (1966) have shown the
period of sgedimentation to be from 750 MeYe 50 670 maye 2800

Mapping was done on the tillite using an enlargement of
the Department of lands air-photo 1273/20 (scale: 41343 om.= 1 .Ku).
vhile an enlargement of 1273/22 (soale: 9.5 cm = 1 Km) was
used for the Tapley Hill Formation. The larger photo was
required for the tillite since smaller airphotos proved
inadequate for the detail required. Field difficulties

included lack of continuous outcrop and loteratization.
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A1l analytical work was carried out in the Mawson
Laboratories except for Boron analyses which were completed

at .AQMUD-EQLQ

STRAT IGRAPHY

STURT TILLITE

Tillite, in the Sturt Gorge area, consists of a poorly
sorted medium send to cobble framework in a dark grey silty
to sendy matrix (Plate 1A. TS 380/2, 380/32D). Leucogneiss
and granite greiss form the largest proportion cf clasis over
pebble size. However tillite is not the only lithology
represented in the Sturt Tillite, as there are interbeds of
sub-feldsarenites, sub~litharenites and sholes (Fige 2).
Total stratigraphic thickness has heen voriously reported
to be at least 300 metres (Contes 1967, Sprigg 1946) yet if
folding neonr the base is token into account the figure is
reduced to 142 metres.

The underlying unit is the Burra Group of interbedded
siltstones ond quartz arenites. The contoect is overfolded
and not overthrust, os interpreted by Sprigg (19&2). Field
relotionships in the ares of the Adelaide to Melbourne roil-
way line suggest the contact is merely disconformable.
Within the tillite lithological changes are minor while the
interbedded units provide good marker beds and have heen
extensively troced over the mopped aren. (Map 1).

Bagol interbeds consist of o cross laminated buff green
shale with o cross bedded subfeldsarenite immediately overlying
its The shnle formerly contained orystals of pyrite now
evidenced in the form of vugs. Both units show vorintions
in thickness over their extent with differences in the shale

being more difficult to disccrn due to lack of outrecop.
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PLATE 4
(Crossed Nicols)
Bimedal groin size distribution and pyrite
pseudomorph in the Sturt Tillite (TS 380/2).
Fluvioglacial litharenite containing feldspar
grains and ccmposite quartz rock fragments,

Sturt Tillite (TS 380/594).

Finely laminoted shale, Tapley Hill TFormation
(TS 380/417)s
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FIG 2

STURT TILLITE : Generalized
Stratigraphic Column,
Type Area.
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The dip rapidly shnllows toward the west ond this combined
with low amplitude folding has resulted in o younger
subfeldsorenite being repeated in outerops. This arenite
is sinllar to the basal arcnite but contolns lenses of
siltstone on a macroscopic, os well as microscopie, scale
(Ts 380/144 ). The base of this unit shows an intertonguing
relationship with the tillite near Sturt Gorge. Approximntely
10 metres below the arenite is o laminated tillite with
lomimtions of coarse sand and silt in o silty matrix
(Plate 2B, C).i;Pebble clasts aré common in the coarse
lominations whilc “in the finer laminations clasts are
almost absent. Other sedimentory feotures cobserved were
ripple marks (TS 380/1C) and high angle cross ocutting (Plate 24).
Near the top of the Sturt Tillite there are o series of
interbedded orenites, tillites and limestoﬁ% which hove been
collectively referred to by Sprigg (op cit) as fluvioglacials
(Fig. 3). Interal variotions in thickness and grain size
of these interbeds is common, many lensing out completely.
The base is dofined by a ocbble tillite overlein by & ccarse
felsic litharenite (Plate 2D. TS 380/594, 380/3C). Locally
the arenite shows large scale cross bedding. ALl coarse
arenites found within the fluviogloeial sequence contained
relatively large proportions of plagioclasc and microoline
perthitc with caleite as the cement (Plate 4B. TS 380/59B,
380/13, 380/9)s The tillite is capped by o black dolomite
which lenses out to the east. Both upper ond lower contocts
were shorp but it wos included with the Sturt Tillite beocause

of its similorities with the underlying carbonate beds.

TAPLEY HILL FORMATION

The Tapley Hill Formation ccnsists of a monotonous
sequence of dark coloured finely lamimted shale. Total

thickness is approximately 2,000 metres.
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PLATE 2

STURT TILLITE

High angle cross bedding oveflying a laminated tillite.

T31lite with fine silt laminations overlying a typically
poorly sorted tillite.

Medium to fine sand size grains forming laminations in a
tillite with & silty metrix.

Section of the base of the fluvioglacial sequence
displaying a cobble tillite zone overlain by e trough
cross bedded "gritty" arenite.
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The bosal horizon is rarely exposed in Sturt Gorge due to
soil development over the shales. The best exposure is in
FMinders University which shows the slate conformably overlies
the Sturt Tillite. Coates (1969) termed this part of the
formation the Tindelpina Shale Member. The only differences
noted between the shale at the base and that higher in the
seguence were minor petrological features. (Plate 1C. TS 38Q/117,
380/%5}) and colour, when weathered.

Approximately 300 metres above the base ripple moarks
become common (Plate 3B, G)s These are outlined by a light
coloured arenaceous materinl which alsc forms two mincr
interbeds {(Plate 3A), Bedding within these is contorted but
contacts with the shale are very sharps A very limited number
of current directions cbteined fron the ripple marks indicated
movement of sediment had been toward the enste TFurther up the
sequence slumping of a set of lominntiong was dbserved (Plate 3D)
while ripple marks were absent. Interbeds of intromicrite
oceur ot 1250 metres. The interclasts consist of flakes of
black shole. Approximately 300 metres from the top of the
formation, also the beginning of the Brighton Quorry, the
shale heccmes light grey to mauve in colcur. Fimelaminotions
are less frequent and interbedded limestone more common. The
top of the formotion is signified by the beginning of the
Brighton Limestone (Mowson and Sprigg, 1950) which, in the

quarry, was token to be an intramicrite.

STRUCTURE

Regionnlly both units are pert of a monocline with the
beds dipping townrd the west. Plots of poles to bedding and
bedding - cleavage intersecticn, for the Topley Hill Formaticn,
(ﬂppendix II) gove an approximate plunge of the mconocline of
10° towards 2007, Cleavnge is strongly developed in the tillite
where deformotion has also caused fractures, in large clasts,

ot o high angle to cleavage.



D.

PLATE 3

TAPLEY HILL FORMATION

Interbedded arcnites (near head and bottom of hammer)
showing contorted bedding. Surrounding rock is

laminated shale.

Ripple marks composed of fine sand and silt size

grains. Pen to the east.
Cross bedding in a lamimted shole.

Slumping of laminotions in a laminated shale.
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GEOCHEMISTRY

SAMPLING

A totol of sixty two SQmples of unweathered moterinl, from both
the Tapley Hill Formation (46 somples) ond the Sturt Tillite (46 samples),
were used in annlytical work. In the former unit an approximote
sompling interval of 50 metres wos adopted although this was altered
to show loteral variantion (380/109,104) and small vertiecal variations,
(380/120 &, B, C, D, B, F, G) ond (380/165 &, B, C), in composition.
In arenite and on intramicrite were also included. OF those collected
in fhe Sturt Tillite nine were of iillite matrix, end interbedded
siltstone, while o further seven werc of interbedded arenites.

Analytical work wos also carried out on eleven samples of
Tindelpino Shole and Sturtian Tillite, colleoted by J. Sumartojo
(ﬁﬁgm this department) from other localities in the Adelnide

F&osyncline.

MINERALOGY

Semi-quantitative values of mineralogy were cobtained by the
application of o technique described by Beyliss et. al. (1970),
(Appendix TII). This involved material, less then 2 microns in size,
orientated on a glass slide and analysed by an X~Ray Diffractomcter.
Within the limits of detection of this technique (5%) samples were
found to consist of chlorite, illite, quortz, feldspor and caleite,
Distinction between ohlorife and koolinite was made by treatment of
three seporate samples with 6N HC1 (Biscaye, 41964)s Chlorite, if
present, will dissolve in this solution, and in fact this was the
casee. '

Since percentages for mineralogy essentially represented peak
heights recnlculated to 100%, it was felt thot theose velues could

only be used within o sample. However, inter-sample compariscn was
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made since coleite, and total carbomate valucs dbtained by o much
more rigorous approach (Appendix III), agreed closely.

Calcite, illite and quartz show the largest variations in the
Tapley Hill Formation with chlorite and feldspar remaining relatively
constant. Consequently, a triongular diangram was chosen on which
to plot all values which had ng its apices coleite, illite and
quartz (Fige 4A). The tillite is poorer in celcite than is the
shale but hes epproximotely the soame range of illite: quartsz values.
Few samples of either group exceed more than 50% quertz. JLnomolous
shales are represented by greater caleite percentoges. In general
the units moy be distinguished on calcite content since the shale
somples cluster around velues from 6% to 10% while the tillite is
almost uniformly 3.5%.

Although olay mineralogy has Eﬁgn used, in o qualitative sense,
as o paleoclimatic indicator (Naidwé 41974) its application to this
study was omitted. This was due to the unknown effect metamorphism
had on the origineal clay composition. Tor exomple muscovite may
have converted to illite (Krauskopf, 1967).

Total corbonnte content was established by o weight loss
technique {Appendix TIX). Resulting values were slightly greater
than calecite percentages“g;g‘was probably caused by other forms
of carbonate‘being prescnt. While absolute amounts were not the
same, correlation was very good with both graphs reflecting o peak
in cerbonates at about 1,300 metres in the shole. This is the only
peak for total cerbonate but there are three positions at which values
are very low. The peak to background ratio is very high in this unit
for carbonnte, the highest values being greater than two standerd
devictions above the mean. It has been reported by Sprigg (1942)
that the shole beccmes more oalegreous going up the sequenoce,
however, this is not the case for those samples collected (Fig. 6).
Therefore, although the formation, os o whole, moy show an increase

in the uppermost 400 metres, due to interbedded limestones, there
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are no such trends for the regt of the unit. Corbommte content
is generally lower in the tillite matrix but reaches 12% five metres

above the basal orenite and 9% five metres below the fluwiloglacials.

MAJOR ELEMENT ANALYSIS

Ma jor element concentrations were determined by a combination
of two methods. Sodium and potassiumn contents of all the samples
were established using a Flame Photoneter (Appandix III) while
silicate analyses were only carried oﬁt.on twenty~-six samples using
a method described by Norrish and Hutton (1968). Fused buttons were
made from all the tillite samples, but only enough to give adequate
representation of the shale were used since major olement variation
was not censidered to be significant in this unit. Total percentages
for silicote analyses were slightly high (Appendix IV) but no
explanation could be given., Those which were compleotely uncceceptable
were disecarded from further appraisal (380/74, 380/150B). _
Preosentation of data in the form of two component and three component
disgroms wes selected in ploce of profile representotion since an
oh jeoctive was compoarison of bulk geochemistry and not strotigraphic
variation.
| There is @ large spread of points on o Na-K diagram (Fig. 4B)
although the mejority cluster between 2% to 4% potassium and 0.8%
£0 1485 sodium. The trend for more potassium in the tillite is
illustrated by plotting the tillite and shale means. These also
“indieate that the sodium content remeins relotively constont.
Comparison of o tillite avernge from equivelent sediments near Broken
Hill (Bowes, 1969) and the Sturt Tillite avé?c'féés:é‘fi%ws thot their
alkali metal contents are vefy similar. World avernge tillite
(Wedepohl, 1969), although outside the main eluster, is still
close to the other volues. The seme is true for the two shale

avernges.
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When the alkalis are plotted against !11203 (Fige 5 £, B)
different relaotionships are shown. FPotassiun is positively
correlnted with cluniniumr oxide but sodium remains relatively
constant with incréasing alumina. The fluvioglncinl erenites are
well separated from the tillite and sheale, having & higher ratio
of nlkalis to alumina than the fine grained rocks.

Besides morphological classificotion of the units, chemical
classification was also attempted using major elements (Moore and
Dennon, 1970). The samples from this study plotted into two groups
{(Fig. 50). The arenltes formed o silica rich group (sub-greywacke
to sandstone) while the tillite and shole are superimposed in o
lower silicn, sub-greywocke, field, Hence, in this plot, as in
other diagrems, varintions between the two units were slight when

based on chemistry.

PATEOTHERMOMETRY

The basis of poleothermometry is thot elements will bhehave
differently in differentiempernture environmentss Inherent in
this assumption is the concept of uniformhtorianism.

One of the methods used dependsd on the degree of weathering
of the originnl sediments. That is low concentrations of highly
mobile, ecsily weathered, elements should reflect a warm paleoclimate
and high conecentrations, cold paléociimates. The method adopted
was based on o wenthering index proposed by Parker (1970) who used
Na, K, Co and Mg for silicote rocks. However, since clays and
cerbonnte were moin components in the shale and tillite Ca and Mg
were omitted and untreated values of Na and K were used (Fig. 6).
Variotion in the shole mainly ocourred within the potassium
concentrotions. Approximotely in the middle of this unit voalues for
potassium were substantially reduced below the menn value. This
region nlgo corrcsponded with peaks for other cnalyses. Comparison
of values for the tillite and the shale show that, in general, the

Intter hos o lower index of weathering.
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A second method using Mn was also attempted. Bostrom (1970)
suggested that high concentrations of Mn may be indicative of \
glacial periods. Values for siltstones sampled in the Sturt Tillite,
similar to the shale, gave very high values for Mn (Appendix ).

Within the Tapley Hill Formation the highest values were near the
niddle and were of approximately the same mognltude as those in
the tillite,

The methods gove contradictory results with Bostrom's method

the weathering index indicates a worm, highly weathering, environment.
Of the two it is felt that more definite anomalies and independence

</
/
indicating & cold elimote in the shole ot about 4200 metres while K\
from large scale detrital contribution makes tho Mn method more }

acceptableo.

PALBOSALINITY

Observations of modern day fine groined sediments have shown
that their trooe element concentrations are reloted to the salinity
of the woter at the site of deposition (Potter et al., 1963). If
this property is to be used effectively however, o good indicator
should be:

(a) morkedly effected by salinity changes

(b) relatively widespreed

(¢) obundant enough %o be detected and measured with

a reasonable degree of yprecision

(4) formed and concentrated in the rock in which it is

found

(e) relatively umaffected by post depositional changes.

Of those olements which qualify, by the cbove conditions
(Degens et al., 1957), boron has proved to be the moat successful,
while others are Cr, Cu, Ga, Pb, Ni and V (Potter ete 8le, 1963 )
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Trace elements such as these anre absorbed into clays, and in
partioular illite (Harder, 1959), ot o rate proportional to the
salinity of the transporting woter. Complicoting factors in this
system are water temporature, Bh, and pH, rate of sedimentation
and the presence of organic matter (Cody, 1971). Boron has on
added problem in that its strong bonding in the clay lattice
makes it more likely to be involved in more thon one cycle of
sedimentotion. However, if the source remnins constant throughout
the period of deposition, relative concentrotions of trace elements
will still indicate trends in paleosalinity.

Those elemonts chosen for this study were based on work dcne
by Potter et als (1963), who was sble to separate morine from non
marine sediments with an 85% success level using raleontological
evidence as o criterion. Trace elements inecluded B, Cr, Cu, Ga,

Ni and V as panleosalinity indicators while Zn, Sr, Rb were
calculated for additional correlation. Annlyses were carried out
by atomic ebsorption (Cr, V), x-ray fluorescence (Cu, Ga, Ni, Zn,
Sr, Rb) ond optical spectrography (B), (Appendix III). Due to
expense the number of samples analysed for boron was limited to 7
from the ﬁ%rt Tillite, 30 from the Tapley Hill Formation and 10 of
J. Sumartojc's somples. A profile plot against strotigrophic height,
for the Tapley Hill Formation, of both calculated values oand sliding
mean has been used (Figs. 6). The sliding meon, which was an average
of three values, sucoeeded in the ma jority of grophs in displaying
trends better than did the row data. Correlotion coefficients of
the trace elements, illite and quartsz werc colculated 4o show
sympathetic or antipathetic reloationships between these.

The clays of these rocks will not contain oll the troce clements,
therefore it 1s important to know in what manner the elements are
bound, whether by detrital or ollochemical minerals. By the use of
oorrelntion cocfficients (Table 4) suggestions can be made as into

which of these phases they can be grouped. Iilite is correlated



TABLE 1

CORRELATION COEFFICIENTS

Tapley Hill Formation

B 1,000 ) * Values significant at the

v £ 524 1,000 99% confidence limit.

Cr % 496 ¥ 500 1,000

Mn “ob06  Fely3 *=,580 1.000

Ni «328 % 493 209 ¥ 487 4 ¢0C0

Cu - Ohly 118 «063 - 24l 179 1000

Zn - 062 ~ei43 ~¢099 -.003 % 439 e 346 4 9000

Ga * 5RO * 659  %.,538 *-,656 * ..552 ~a145 ~e030 4000

Rb * 597 ¥ 725 % 697  *-.828  F 449 233 K031 ¥ S8 1,000

Sr ~e360 e BA0  Foluk2 * 732 ¥e,B05 =,293 -.001  *=o581  *-.748  1.000
Carbonate -e388  Feh3 Fa 62 % BET  *-,565 -+168 o034 *¥-,706  *-.7M9 ¥ 872 1000
Illite 435 F WBT73 % 494 ~.325 20k 145 L0909  * 473 ¥ 466 4392 26k 4000
Quartz -a 011 «0%L «10 -e392 o317 .96 15 «233 «289 - 246 ~+353  ¥-,505 4000

B v Cr Mn Ni Cu Zn Ga b Sr Carbonate Illite Quartz
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with the troce elements Rb, Cr, V, Go and Ni ot a highly significant
probability limite. The correlation with horon is not as good but

is still significont. Copper and zinc cannct be correlated well with
onrbonates The behaviour of Rb and Sr is well understood becouse

of their respective charactéristic substitution for K (in 11lite)

and Ca (in carbonate). Comparison of date for the minerals

indiontes a negative correlation between illite and quartz as being
~the only value which is significant.

Pogitions in the Tapley Hill Formation which are anomalous, on
the basis of their trace element concentration, are at about 600,
1200 and 1700 metres from the bases. Not every element displays all
of these mnomalies but as o group they ore present, at the same
stratigrophic height, for more than one elemente Soven samples
colleoted 2t about 400 metres were used to indiceate somple to
sample voarintion. In many cases this is lorge but the anamolous
values, in general, ore mopre than the range of values expegted
from sampling biss.

Graphical interpretation applied by Potter ot al. (1963)
revealed that o partition line which best separnted marine from
non-marine samples could be selceted by inspeetion for each
element.s Concentrotions represented by these partitions, when
applied to the shols, indicated that all bubt borcn were consistent
with a marine depositional history. This absclute value approoach
wo.s not preferred however since not all sites of deposition exhibit
the same tronce clement concentrations (Levinson and Ludwick, 1966).
Therefore relative values of disoriminont functions were useds These

functions are:

- 147950 X+ 642389 Xy (Equation 4)
F o= 5.305X, + 5.6928 X, - (Bquation 2)

lt



where X1 = B, Kz = Cr, X3 = Cu, K’-I- = Ga, Xs = Ni, ond X6 =V

(after Potter ot al., ope cits)e Of the two Bquation 2 is the
more effective because of elimimtion from Equation 1 of variables
which do not moke significant contributions to the functions

(Rno, 1952). Plots from both equations (Fige. 6) effectively
deomonstrate this. Aithough absolute values are slightly
different, relative values ere very similors. As o whole, the

shnle sequence has three peoks which are in approximately the

some positions as the trace element peaks. There are also highs
at either end of the sequence. Matrix materinl from the tillite
and basal siltstone of the Sturt Tillite generally give low values
for the discriminant functions when g¢ompared with the Tapley Hill
Formation.

Over a regionnl scale concentrations of boron in both units
are consistent with those values obtanined in the type area. The
shole and tillite averages are respectively 27.2 pepem. and 3346
pepsme (type orea), 31+0 Depeme and 4140 pepeme (Je Sumartojo's
somples, collected regiomnlly). Therefore if there were differences
in the enviromment of deposition over the Adelnide Geosynecline they

are not reflected in boron concentrations.
DISCUSSTON

SED IMENTARY HISTORY

The nature of the sediments of the Sturt Tillite indicates that
during the glacier's history it went through a series of advances
ard retreatss The odvances are represented by unsorted tillite
while the interbedded arenites generally reflect retreats of the
glacier from the area. The laminated shele neor the base of the
tillite is on exception to this genersalizations Lock of a retrent

phose, ropresented by an nrenite, underlying it, suggests thot silts
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were winnowed out of the till by a current which was not strong
enough to transport coarse matericl. Such o drop in current
strength would have to be relotively sudden or o grodational
sequence from till to silt would be obscrved. An increase in melt-
water velocity is indicated by the ripple marked arenite above the
silt unit. Tominated tillite higher in the sequence is consistent
with deposition under the floating shelf zone of a wet-base glacier
(Carey and Ahmad, 1961). Turbidity flows within this unit are
represented by high angle oross bedding.

The conclusion of the principal period of glacintion is indicated
by the beginning of the fluvioglacinl sequence. The cobble bed at
the base is an ablation tillite. This is typically a thin bed which
is deposited at the termini of glaciers, and has been washed cleon
of most of its finer matrix (Flint, 1971) « The overlying "gritty"
arenite shows large scole trough eross stratificotion and rapid
variotions in groin size which are both cheracteristic of fluvio-
glacial sedimentafion. Minor retreats and advances of the glocier,
higher in the sequence, are represented by interbedded tillite and
fluviol arenitegs (nrbonate oppenrs in the form of cement for the
coarse grained orenites, and os limestones which contain erratios.
Such an obsorvotion implies that the glacier, in this phnse, was a
dry~base one since these have an off-shore caleareocus facies, or a
calcnreous facies in thelr retreat sequence, wherens wet-base
glociers produce envircnments unsaturated with lime (Carey and
Ahmad, ope cite)e It seems loss likely that the limestones are of
a subglacial origin, as described by Page (1970) since.the sequence
in which they cceur is regarded as being proglaciale An offshore
calcareéus facles could also exploain the dolomite bed at the top of
the Sturt Tillite.

In general, it is thought that the glacier was not in contact
with the underlying Burra Sub Group sediments in this ares but was

deposited from a floating ice shelf onto the interbedded silts and sands.
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During the latter stages of sedimentation the glacier took on the
charocteristics of o wet-bose type while in the final stage it behaved
more like o dry based glaciers. The possible source area is to the
west, from Eyre and Yorke Peninsulas, where rogks of the some
composition as the erratics in the tillite are to be found.

The Tapley Hill Formation begins as a fincly lominated, almost
structureless, shole indicating that current activity at this time
was minor. Leminations are coused by mineralogicol ond not grain
size differences. Shallowing of the basin into which these silts
and clays were deposited is demonstroted by abundant ripple marks
and ecross bodding which occurs higher in the sequence. At this time
there wos limited orenaceous input producing both starved bedding
ond thin interbeds. Slumping of laminntions et about 1200 metres
from the base indicates that the lomimne were still in o quasiosolid
stote when they were moved since bedding is still continuous.
Lominations nbove and below this unit are parallel which suggests
thet this structure wos caused by unstoble slope conditions which
only persisted locallye Approximately ot this level differences
bhetween laminatiOnsig; due to calcite content probably indicating
secsonal preoipitation of this minernl. ¥Finel stoges of deposition
for the formation, resulted in less frequent lominntions and o
chonge in colour from dark grey to mauve. This is consistent with
a shaollowing basin theory.

Depesition of the Tepley Hill Pormation hns taken place over
a large aren of the Adelaide Geosyncline (Porkin, 1969). Sedimentation
on this scale necessitotes o lorge bosin of deposition. This could
toke the form of & large, land locked, fresh wotor basin which wes
formed by glocinl depression and subsequently become shallower by
isostatic rebound. & further possibility is of an open sen basin
which hos been gradually aggraded to sea lovel by the addition of
sediments. Of the two enviromments it is thought that the second

is the more likely since although large sequences of laminated silt
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can be built up in fresh water lakes (Bradley, 1948), the basin of

deposition was too large ard enduring to be of this nature.

GENETIC RELATIONSHIP

failure, in most cases, to separate the matrix of the tillite
froﬁ the shele on major component analyses suggests:that the silt
laid down for the Tapley Hill Formotion was dircctly related to the :
tillites However, average world shale is also similor in composition
to the tillite (Fig. 4B), therefore similarity may be merely
fortuitous due to the similar noture of tillites. and sholese

If the relationship is accepted, however, the shale would be the
result of glacinl winnowing of the fine matrix from the unsorted till.
This is not unrenlistic as large amounts of unlithified sedimeht are
availablc and flowing water in the form of gloecinl meltwater would
provide the transporting medium. However, drop pebbles,which could
positively indicate glacial conditions were not observed.

Interpretation of values for paléothermometry should also yield
this reletionship between $111 and silt since if* the two are closely
related the first silts laid down‘Will be deposited from cold glacial
outwashs If this has been the case high volues of Mn, No and K will
ceour in the Tindelpino Shnle Member. As o control sheles which are
within the Sturt Tillite, ond hence should display these relntionships,
were also annlysed. Manganese values for these were high, suggesting
that silts deposited under glacial conditions are rich in this mineral
(Bostrom, ops cits.) Concentrations at the base of the Tapley Hill
Formation were well below these, however, only rcaching higher values
near the middle of the unit. Seddum-and Potossium §§e considered to
reflect illite input, and not degree of weothering, since potassium
is held strongly by this type of clay and will mainly be residual.
Figure BB demonstrates this becouse os alunina (illite) increoses,
50 does potassium. Therefore alkalis were of little volue in this

aspect of study.
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In general palsothermometric methods gave enswers which were not
consistent with a glacial origin for the shnle, unless waters from
the glacier beceme warmer by the time they reached the basin of

deposition.

PALEOSALINITY

Although the validity of paleosalinity determinations, using
troce element analyses (oand in particular boron), has been questioned
in recent years (Cody, 19743 Harder, 1970) it has still been
successful (Couch, 1971; Pobber et. al., 1963). Moreover, use of
more than one element in discriminating between environments has
undoubtedly increased the reliability of the method. For example,
this study indicotes that if boron values alone were considered o
fresh water enviromment would be postulated (using Potter's partition
volue)e The other elements, however, would all indicate marine
conditionse. For this reason, classification wos performed on the
basis of relative values of the disoriminant functions. (®gs. 1 and
Ege 2)e Interpretotions of these results hnve been plotted against
the values of the funetion (Figa 6).

These annlyses indicate deposition of the sediments of the Tapley
Hill Formation began with a marine phrse, which is also represented
ot approximately 600, 950 and 1800 metrese Fresher water deposition
took place at 400, 800 and 41200 metres. The general trend is for the
values to decrease in the middle portion of the unit while the ends
display relatively large valuess This indicates that the basin began
as one open to the ocean but lost this choracter as aggradatiqn of the
bagin floor, coupled with constant fresh water input, caused it to
become restricted from the full marine environment. ILater, marine
conditions returned with a deepening of the basin. Pesks in the
middle of the formafion are more lsolated and short when compared
with the ends and possibly indicate short-liveqrgzrine periods occug%d.

during this otherwise marine phase.
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CONC LUSIONS

Glgoiation of the study erea during the Sturtian epoch resulted
in deposition of till and interbedded sands from the terminus of the
glaciers Extent of the formation over the Adelaide Geosyneline indicates
the glacier tock the formm of an ice sheet, with a source area to the
west or north weste A glacial retreat phose is represented by a
fluvioglacial sequence at the top of the unit.

Geochemically the Tapley Hill Formation and the Sturt Tillite
are related, as silts of the former unit werc troansported by glecial
outwash from the finer material in the tills The 33&%&5%%% were
deposited in a marine basin at a relatively large distance from the
glacier terminus, in o low encrgy environment. Scasonal variations
in detrital input and chemistry of the water resulted in compositional
lemimationse During the basinal gistory it beoome progressively
shollower and was ot timés barred/from the open secs Finnl deposition
took ploce in o shallow marine sea.

Results from this geochemiéal approach to envirommental analyses
were generally encouraging but lack of supporting evidence makes
conclusions, only on this ground, highly speculative. The mjor -
source of error is seen to come from sampling which, in this cose,
was widely spaced and incomplete. Future studies of this nature
should attempt to approach the idenl of continuous sompling. In this

woay more definite conclusions could be made.

Brrata: In place of marine and non-marine read

more marine and less marine respectively,
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Thin Section Descriptions




380/1C
Mocro: Dork grey lomimnted tillito
Micro: Renge of groin sizes o1 mm to 5 mm, averoge «2 mm.
Sorting poor. Groded bodding and ripple morked.
105 motrix.
Auartz: 904 strongly undulosc, sub round.
Feldspar: 1% plogioclase (584 Alb) and
microcline perthites
Rook Fragments: 7% compositc quartsz
Opaques: 2%
380/2
Moero: Dark grey 111 sorted silty tillite
Micro: Bimodal grein sizes. 4106 is .5 mm ond the rest
of tho fromework grains are .1 mme. Iorge clasts
are rare, 60% motrix.
Quartz: 854
Feldspar: 1%
Rock Fragmonts: 42% composite quortz
(igneocus) and sodimentary
Opoques: 2% pseudomorph pyrite
380/32D
Mooro: Dark grey very poorly sorted tillite
Micro: Bimodal, 10% with o range .7 mm to 7 mm and avercge
of 4 mme 90% with range « mm to .7 mm ond average
of «2 mme Grains sub angulor end clongate. 4O
notrixe
Quortz: B89% medium to strongly undulose
Feldsper: 4% plagioclase (7%% Llb) and
microcline perthite

Rock Frogments: 10% composite quartsz



380/9
Macro:

Micro:

380/13

Mocro:

Micro:

380/60

Macro:

Micro:

Greeny grey medium sorted coarse litharenite.

Size roange «05 mm to 1 mm, avercge «5 mm.

Medium sphericity, grains slightiy aelongate,

Coleite coment (2077)

50% medium to strongly undulose
10% plagioclase (63% A1b),

microcline perthite

sub round.
Quartz:
Feldspar:
Rock Fragments: 35% composite quartz and

guarts - feldspar.

Opaques: 5% ilmenite

Browny grey medium to well sorted coarse litharcnite.

Range of grein sizes .05 mm to 4 mm, 90% orc «75 mm.

Grains are sub angular to sub round. Moderate

pressure solution effects. Calcite cement (10%).

50% moderately undulose

1% plegioclase (65 Alb) ond

perthitic microcline,.

Quartsz:
Feldspar:
Rock Frogments: 350 composite quortsz,
feldspar, limestonc.
Opagues: 54 ilmenite
Dark grey well sorted rippled biotite rich
feldserenite.
Range of groin sizes .7 mm tos4 mm, avernge .5 mm.
Micaceous planes through sond size maoterial,
Grains have o medium sphericity and are sub
angular. 10% motrix.
85% strongly undulosc
10% plagioclase (68% Alb) and
microciine.
Biotites 4%

1% psevdomorph pyrite, replaced by

Quartsz:

Feldspar:

Opaques:
hoematite or goethito.



380/3C

Maoros

Mioro:

380/594
Macro:

Micro:

380/59B
Macro:

Micro:

Light coloured i1l sorted coarse feldspathic
litharenite.
Bimodal, 60% approximately +05 mm and LO% of
1 mm sizes Sub round grains, calcite cement (1q%)
Quartz: B80% strongly undulose
Feldspar: 5% plagioclase (62% 41b), microoline
perthite and microcline. Alteration
to sericite.

Rock Fragments: 45% composite quertz.

Light grey medium sorted coarse litharenite
I11 sorted, immature. Size range «3 mm to 6 mm
average o7 mme. Groins angulor to sub angular,
Calcite coment (10%)
Quartz: 60% strongly undulosc, angular.
Foldspor: 40% microcline perthite and
plogioclase (73% Alb)
Rock Fragments: 30f% composite quortsz, quartz-
foldspor, limestone.

Derk grey well sorted fine groined quortzarenite.
Range of groin sizes +05 mm to o mm, averagc .2 mm,
Grains are elongnte ond sub round, 50% matrix.

Quartz: 99% slightly undulose

Foldspar: 4% plagioclasc (73% Alb)

Opeques: 1%



380/41

Mocro:

Micro:

380/153

Mocro:

Miecro:

380/117
Macro:

Micro:

Light coloured well sorted ripple marked sub
feldsarenite
Ronge of groin sizes «1 mm to 1 mm, average .2 mme
Groins are sub angular. Silt bands cross cut the
coorser materinl., 107 motrix.
Quartz: B804 slightly to medium unduloses
Feldspor: 20% plagloclnse (70% Alb) and
perthitic microcline.

Black finely lamimated shale

Average grain size 05 mme Iominations are of two
sizes, «2 mm and 1 mms Smoller lominntions
lighter in colour due to higher calcite content.

Rore ogourences of graded bedding.

Black finely laminnted shale

fiverage groin size +05 mme Lominntions are of
two sizes. The smaller laminations are darker,
possibly due to concentration of organic matter.

The cwarser laminations contain more calcite.
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APPENDIX I1T

Somple Preparation and Annlytical Technigues



Sampling

Samples were collected in the field. Svornze somple
welght wns 200 groms and cénsisted of umwentherod miberial.
They werc first ploced in cloth sample bogs and later
transferred to plastic bags for storango. ‘

Strotigraphic height of ench of the somplos collected
from the Tapley Hill Formation was enleulnted by trigonometry
involving difference in altitude, distance and dip between
two adjacent sample localitiss. £ working mep was made from
the Department of lands, Adeleide and Environs Sheet 03 for
this purpose. Porty six samples were finnllychosen, from the
‘collection of samples of this formation, to be used in
analytical work (sec MAP 2).

Samples in Sturt Tillite were colleeted in a similar
mamner and chosen to provide a variation in stratigraphic
height and lithologys Nine of these werc used in trace
element analysis and a further seven for whole rock
analysise
Crushing

Jow ond ball crushers were used to crush the samples
to a conrse sond sizee To obtain only the motrix materinl
of the tillite, clasts 4 mm in size or grestoer wore removed
at this stage. Further crushing wos done using o tungsten
carbide Seibtechniec Mill for % minutes ot 960 r.p.me. The
process was repeated until about 50 grams of powdered sample
was cbtaineds They were then placed in 41 mm x 6.5 mm poper
bogs. Cleaning of the mill was done after every samplc had
been run, with tissues and ancetone.

X-Ray Diffractometer

Clay slides were made of 55 somples. These were
prepared by adding approximately 10 grams of somple to 80 iﬁ%ﬂ
of distilled water and then disaggregated by the action of o
gonic prebe for one minute., After o settling pericd of 24
minutes and 24 seconds‘the finest fraction was collcoted,

centrifuged and played onto the surface of o glass slide.



The analyses were carried out using a Phillips Diffractometer
with Cu er raediation, niekel filter, 40 KV and 24 M A, %0 slits
and a scan rate of 10 per minute. In most cases optimum count rate
was 300 CepeSe i+ %+ Interpretation of mineralogy was made by using
overlay charts drawn from A.S.T.M. datae

Semi quantitative analysis of the mineralogy involved use of

certain peak heights, multiplying by factors and recalculating to 100%.

Mineral. Peak (X) Faotor
Chlorite 14 2
T1llite | 10
Quartz 425 10
Feldspar 342 5
Calcite 3403 I

Plamwe Photometer

Solutions were prepared by placing acourately about «O4 grams of
. [
dried sample in a platinum crucible and adding in succession 4 1321.31

of HCELObr and 25 menlaﬂ of 4LO% HF. The contents were allowed to

evaporate to dryness on & sand bath and the residue left was taken
up in 100 Jm‘””l of distilled water. These solutions were kept in
plastic flasks.

Sodium ahd Potassium analyses were made on these solutions using
an air-coal gas flame and calibrating against standards already

prepared.

Atomic Absorption

The metals of interest were taken into solution by placing 4 grams
in a 25 M4 test tube and adding k ¥@=4 of 15% Phosphoric Acid in
Perchloric Acide The test tubes were then placed on a sand bath for
3 days ats 24000. This amount of time was considered necessary to fully
extract the metals from the sample. On removal of the test tubes each
wag made up to 20 mls with 1N HNOB.



Either the Al = 1 or AL - 3 was used acocording to
whether en air-acetylene or nitrous oxide - acetylene flame
was needed.

Optical Spectograph

This method was used for the determinotion of Boron
in 36 sompless Standards used were a Canadian Syenite
(63 pepems B) and Silica Brick No. 102 (23 p.psms B).
Fifteen milligrems was placed in o first grade graphite
cup and sparked for 90 seconds at an operoting voltage ond
amperage of 40V and 35 L. The spectra obtained wes from
41530 K - 5900 E ond photographed on an fLgfa photographic
plate. Semi quantitative volues were obtained by
visually estimnting line intensities and widths ond
comparing with the standerds mentioned eboves

Corbonate Analyses

A relatively gquick and acourate method was used for
the caleulntion of the amount of corbonote in the samplese.
lAccurately about 1 grom of sample was plooed in o 100 ﬁ%@
beaker to which 20 ml of 1N HC1 was addeds Lfter the
effervescence hnd censed the contents of the beasker were
filtercd, dried and reweighed. Weight lost was due to
carbomnte losse A % spike of Ca CO3 in quarts powder
standard and quartz powder blank were used. In both cases
o high degree of reprcducibility was'achieved.

X-Ray Fluorescence

Samples were prepafed in the form of pressed mounts,
Mass absorption coefficients on these were obtoined by using
a method developed by Mr. Sumartojo, of this depertment.
This involved the time for the accumulation of 200,000 counts
on the Mo compton scatter'beak for both sample ond ultrasil.
After o dead time correction of e333h seconds the times were
placed in equations to give the appropriste moss absorption

coefficients,



(a) Operating Conditions:

O

Mo Tube

Scintillation Counter  150/300
Compton Peak C29.76
He Vo 349

Fine Collimator

(v) BEquations:

Hop K, = 0.317922. MoK C
npp K, = 0:371983. Mo K C
g Ka c = 4.,06092h. Mo Ka C
Hy Ka = 1..287218. Mo K,GC

Hen Ka = 1.571257. Mo K_C
1.932846s Mo K_ G

]
n
R

Ui o

R

+ 0377020

0.518740
14276882
2.255683
2 .255683
2. 749666

+ + + o+ 4+

where Mo K_ ¢ =

o Obtained Count Time for U/S

Standard Count Time for U/S . Count

%%ge for
Sample

The semples were then analysed for these clements using

the conditions noted on the next pages.



ELEMENT TUBE VOITS = AMPS CRYSTAL COLLTMATOR COUNTER COUNT TIME E.H.T.

(Seconds)

Sr Mo 50 40 I1iF220 Fine Seint. L0 359
150/300

Rb Mo 60 LO LiF220 Pine Scint. L0 3,59
150/300

Ga Mo €0 40 LiF200 Fine Scint. 1O 3,59
150/300

Zn Au k5 35 1iw220 Fine Scint. 1O 3,67
150/300

Ni Au 55 35 LiF220 Fine Scint. 4O 3,67
150/300

Cu Au 50 40 LiF220 Coarse Scinte L0 3.67

4150/300



ELENENT

Sr

Eb

Zn

Ni

Cu

PEAK

35499

38.07

39.42

60442

115
65452

BACKGROUIMND

36499

36.99
540450

5950
70.00

64450

SLOPE FACTOR

1123

0.925
1194

1043
1 o381
1224

STANDARD USED

N8BS 704

NBS 704

Ga Spike
of 380/40L

BCR~ 1
PCC- 1

Cu0 Spike
in Quartz

RECOMMENDED VALUE

(pep.m.)

65

530
15

132
2430
4000



APPENDIX IV

Analytical Results




Fe203

¥nO
Ti0
Ca

X0
8i0

A1.0

104
5752

.032
« 941

6494
3.800
55.732
13,780
=204

3.006
«570

10.21C

101637

14 84
5904

- 050
849

6+339
2,780
57.689
124542
+196

5«00

14270

9.0
101 .63

TAPLEY HILL FCRMATION

118B
24636

0L
o737

510
1680
77386
10.869
228

o854
3.680

1740

100.33

129
6.197

060
»803

5.903
2.627
58.elhyt
12,004
«239

Le97L
1650

8.250

131 .19

142
5784

073
. 763

74230
34008
51.383
124933
+209

L.648
14 o2, 0

G630
1M 07

1504 160
5,698 5153

060 JOL7
»653 751

11 205 8.472

24579 3.055 -

SLehC6  5hebh3
10,979  12.238
$226 « 204

4682 S5ethd:
1480 1.260C

12.690 10.500

10C.58 101,07

1654
5.057

033
o711

5.055

2.767

654304
10.757
«1 84

3259
4 <460

5430
11 02



Fezo3

MnO
Ti0
Cal
K. .G

Sid

A1203

P205

MgO
Na 0O

Loss

Total

73
24322

005
496

. 014.6
2.531

8L.83%
7571
+058

626
1710

14390
10159

" ARENITES IN STURT TILLITE

75 37

L4119  3.008
06 017
377 366
«153 +052

2.752 1.903

77489 8Bl
9.895 6.487

A10 059

2.187  1.756

“-4.7460  4..500 :

1.840 1.290

101.08 100.98

9
4369

.088
183

6.938
1.9%4

11752
6.698

073 -

2,123

70920

_101018

2.100

594

2.559

»130
213

9.503
24336

63 -L]~62
7936
.082

24332
24160

10040

100.75

598
5'329

«062
422

5.237
2.322

67.707
8.930
128

3047
1 +180

6.880

60
3.199

Q42
0396

4.367
2.805

Tt o103
8.62.
L5

1.690
1.370

5300

10125 102434



Fe203

MnoO
Ti0
Cal
KO

8i0

A
“1203

P205

Mg0
Na .0

Loss

Total

324
5.060

<Oby
8l

+259
3436k

71354
12236
A76

2.660
10250

2.800

10005

32B
L.872

«020
+ 799

197
3.385

72199
12.297
o177

2o 300
10340

2.930
100.56

STURT? TILLITE

50
5.201

«059
M7

1 649
3.876

67:559
1269
«189

34195
1 o410

4140

100.89

51
7-979

159
1051

283
L4.613

61726
15.671
=200

L.023
2960

1.360

101 .02

77
53592

090
«802

6,067
3644

564210
11542
149

5.24.7
1370

40460

104 0 Ol

2
6058

.037
e N0

o212
1.087

69,072
1hetli6
o422

3,086
1,600

2:930

40230

58
5.853

092
650

3.977
3160

6215
10542
e13h

3965
1420

76230

101 .22

59C
5.026

«009
1.0L9

.228
L.2C7

66.4,90
15.993
+153

3.168
2470

2,980

13 47



STURT TILLITE

324 328 50 LY 77 74 2 58 59C
B (pspems) 40 - 30 40 30 40- - 25 30
Na 0 (%) 1425 136 4 obly .96 1637 15 160 14042 247
Mg0 (%) 2.66 2.35  2.98  4.00 5449  ka53 2489 Let7 2489
K0 (%) 3419 303 3.60 kit 3434 2485 3.83 2.99  4.08
V (pepems) 410 120 140 220 140 110 150 90 17C
Cr (pepeme) 55 16 58 70 58 45 68 N 68
Mn (pepema) 195 55 235 580 370 105 120 385 20
Ni (pep.ms) 29 43 33 46 25 27 27 29 35
Cu (pepeme) 26 2l 25 L6 36 26 19 22 24
Zn (pepem.) 66 112 61 109 58 122 70 49 308
Ge (pepem.) 15 15 1k 21 13 13 17 13 23
Rb (p.pem.) 15 151 175 246 164 131 187 137 190
Sr (pepema) 30 bl 52 21 82 43 33 52 Ly
Carbonate (%) 3.05 3,02 L.32 2.47 12439 3.52 3.20 8.86 2,73
Chlorite (%) 6.7 6y bt 2.7 2L 12 3.9 5.2 3.9
T1lite (%) 57.2 Ko7  42.3 8745 W7sh  6heO 5843 63.7 474
Quartz (%) 25.0 36l 3246 7e7 30k 1343 23.8 19.6  28.8
Feldsper (%) 8.4 11y 178 0 1249 6e7 1045 8.5  20.2
Caleite (%) 3.0 4O 343 2.2 6ol 346 Sk 341 0



FIG 6

GEOCHEMISTRY OF THE TAPLEY HILL FORMATION , NEAR DARLINGTON, SOUTH AUSTRALIA
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