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SUMMARY

This report describes the geology of an area of L8 square
miles situated on the Cambrai Military Sheet, It 1s the result
of field and laboratory work during 1951, and wae carried out
under the guidance of Professor Rudl, of the Economic Geology
Dept., University of Adelaide,
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INTRODUCTION

The area concerned in this report is situated about
42 miles E.N.E. of Adelaide, and forms part of the Cambrai
¥ilitary Sheet. <The actual area studied is in the viecinity
of 48 equare miles, and comprises those parts of tie hunireds
of Jellicoe, Moorooroo, Jutland, and Angae which occur on
Runs 6 ani 7 of the Adastra air photos of the Cambrai sheet,
The geologlcal work done in this area was unlertaken
as part of the requirements for an Honours Degree in Economic
Geology at the University of Adelalde,

METHOD OF ATTACY, AND SCOPX OF INVESTIGATION

The mapping of the area was accompliched by using Adastra
airphotos of approximately 4.1" = 1 mile scale., The alirphotos
were utilized in making a map (Scale 4"=1mile) of the area;
the Bcale and orientation of this map were controlled by using
a slotted template plot with surveyed Trig. c¢ontrol, The air-
photos were also used Tor preliminary studies of the area in
the laboratory, and as maps in actual field work. The geology
of areas traversed in field work was plotted on the »hotos,
and transferred to the composite map by tracing. 7To render the
task of tracing the geology more simple, one map was compiled
on Ethulon; this Ethulon plot was then traced onto an independent-
ly controlled Duralax sheet from which the final prints were
made,

In all, about 44 days only were spent in the fileld, so
that by no means all outcrops were inspected; due to the esmall
scale photos used minor structures could not be plotted, This
survey muct therefore be regarded as a reconnalssance survey
only. ¥Yue to the =small area studied, the regional structure
could not in all cases be determined,
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PREVIQUS GFOLOGICAL . ORK

(1) "rhe Geology of the North Mount Lofty Ranges", P.5, Hossfeld
(Trsns. Royal Soc. S.A. 1935)
This paper contains the only published information on the

immediate area concerned in this report. dihe psper embraces

a review of the geolory of a very larpe arca. vhile dlragreeing
vwith many of its conclusions I feel that themper forme & very
valuable founistion for more detelled geological work such as
that concerned in this report.

(2) U PURLISIHZD WORK.on surrounding areas has been consulted
in an attempt to determine the regional structurcs. 7The aresa
to the north andi northwvest, around Angaston, hac b-éen investigated
by Campbell during & search for marble sources for the ICI Company.
The mapping done was not sufficliently regional in character to
be of much assistance,
The Gawler sheet, to the ltest, has recently been mapped
by Dr. Campana, of the S,A. liines Dept,, but the work remains
ag yet unpublished. Thie mapping has not been correlated suffic-
jently either stnucturally or stratigraphically with the mrea
here mapped, to be of any great signiflcance.

(3) CONSURKETILY WITimy own MADPI'G, similar areas to the

gcouth were mapped by three colleagues Meegsrs. Rowley, Varkham

ani Kaewbaidhoop. These areas overlap sufficiently to enable
geological features to be followed with a high degree of accuracy
from one strip to another, The comporite area and its relation
to that here dealt with, ie chown on the locality map., <+he-
regional structure anil stratigraphy as postulated in this paper,
are the result of observatione in the composite area, rather

than those of observations in the restricted arca of Runs 6 ani 7

alone,
PHYSIOGRAPHY

The arca investigatel consists of a series of gently rolling
hills, giving way in the east to a flat alluvial plain (the
Murray Plain,.
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' Near kEden Valley the slopes of Lhe hills are in genersl,
very gentlc, Lhe lifferences in elevation betwecn hilltop and
valley being generally much less than 300 feet. +his area hes
an elevation ranging from 1300 to 1550 feet above scea level, with
isnlated peaks rising to over 160G'. 7ihese higher peaks are
flat-topped, ani are covered with a lateritic capping. The area
is drainel by the headvaters of the GCawler R., the water flowing
north, anil thence westward to Gulf (t. Vincent., Its headwaters
in thicz area are characterised by flowing through a wide alluvial
valley with only occasional rock outcrops. The topography is
mature, *hc reglion has a hirsh rainfall, and is covered with
red*blue-gums, and grassee,

The waterched of thls arca is bounded b a line running
approximately N-5 from Peggy's Hill to just weet of Keynes Trig.

To the east of the above watershed, the country is temporar-
ily more rugged, consisting of bo.lder strewn hills with occasional
Jaggel erawtooth type hills of sandstone. The topography falls
away from the watershed (1500-1600 feet), toward Keyne's Valley
(1000-1200 feet}. The area 1s drained by small creeks running
into either the Marne R. or the Somme R, to the south and east
respectively. Keyne's Valley occurs in limestone anAd schist, and
eonelets of very gentle wellrounded slopes. The eastern walls
of the valley consist of sandier beds, ani ithe hills become boulder
strewn and lecs rounded, The Valley is drained by the Somne
(North Rhine) R., which flows mlong a somewhat tortuous route
southwards into the Marne and thence eastward into the Nurray R.
The Somme's appe€arance would suggest that it is & superimposed
stream, belng in part a relic of a previous drainage system,

The rainfall of this region ie from 14 to 20 inches/annum
and large gums are less frequent excepte in valley floora.

To the eact of Xeynes Velley the country is drained by
eastward flowing crecks cutting through boulder covered hills
which have steeper slopes than is common elsewhere, Gums are
absent except in the creeks, and hilltop vegetation is limited
to sheoak, spinifex, and grasses., The more easterly hills are more
genlly undulating and less rugged, and give place more or less
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suidenly to a lowlying (300-500') plain. Both the hills snd the
plain have a low rainfall (10-14")., The plain is covered with
various netive buctes anl praeseg, anl by low mallce scrub.

It is travcrsed by various creeks which mostlvy spread out and
loce themselves some Aistarce from the hille.

CULTURE

The valleys and hills of the Eden Valley repgion are commonly
utilizedl for the cultlvation of vinec andi fruit trees, and for
doirying and sheepgrazing, causing relatively close settlement,

To the east of t e Keynes Hill watershed, sheep grazing
is the dominant industiry, although parts of Keynes Valley ure
suitable for cultivation of horticultural and agricultural crops.
The region is sparsely settled, The eastern hills are ruitable
only for sheepgrazing, and houses are absent.,

The Murray Plain 1s intensely cultivated, producing wheat
and barley, and is also used as grazing land for sheep. The
mallee serub is used as & source of firewood. Homesteads are
faarly plentiful.

GEOLOGICAL HISTORY
The chief rocks of the area corprice hirhly metamorphosed

sedimentary rocks of uncertaingge. 1o the South rocks presumsably
equivalent in age have bemn nsmed as the Xanmantoo Series;
liocesfell, on the basis of work to the north, has divided these
rocks into two series, the Narcoota anrd Barossa. Due to the
more widespread usage of the term Kanmantoo Series, ani to the
lack of evidence (in the area studied) for two unconformable
series, my colleagues and I have adopted this term,

The geological history of the area as at present interpreted
by ue, ic as follows:
1. DEPOSTITIA™ OF T K KANMANTOO SERITS as A shallow water series
of sandstones, limestones and argillaceous beds, anl their subse-

quent coneolidation,
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2. FPLDING AND FAULTING of the bove beds, with contemporaneous
or elightly later intrurlion of dolerites and posritly some

qusrtz veins,
3. GRAWITI®ATION AV™ BVTANMORPHISM of the beds - poseibly in
part conuvemporaneous with folding and faultinag, and in part later -

giving the bels thelr present character of quartzites, marbl s,
schists, amphibolites, granite gneieses, graniticed rediments;
pegmatites ond quartz veins, and probebly mineralization, as an
end stoge of granitisation, or of the approach of a magma bn
depth,

Ly, SCAPOLITISATION of some areas

5. DPENEDPLAMATIOCN ae an end stare of the erocion of the uplifted
beds, wit the formaiion of lateritic capping anl ctream gravels,

rrobably about wid-Tetiary time,

6. RLOCK FAULTING during Pliocene (?) time, forming the eastern
fault scarp, causing relative elevation of thec wectern block

above .he Murray Plein area,

7. EROSIOY OF THN RFLATIVFLY UPLIFTESD BLOCK £iving present
topograph~- of the western block. Deposition of 7ault line talus,
gravels, and aluvium on the downfaulted block. Fossible denosition
of marine limecstone on downfaultel block in Tertiary time, with

subseguent develorment of Kunkar surface encrustation.

STRATIGRAVHY
(a) BTUAVIGRAPLHY OF THYW KAN' ANTOO BERINS

As developed in Rune 6 and 7, the series it made up of the
following horizons, from youngest to oldest:
1. Pine Hut Guartzites,

An arenaceous series of beds coneisting typically of well-bed-
ded and often banded quartzites, with some masslve guartzite bands,
Bensing and crossbedding, present in a few localities, indicate
shallow water deposition. Under the microscope the quartzites
consict mainly of guurtz grains cerented by later guartz, with
some Telepar and mica, chiefly biotite., The rocks are invariably
fine to very fine grained., In many cases the quartzites weather

to & light pink or white soft and sandy rock, bouldere of which
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cover many of the hills in the Pine Hut ro«d réginn; it is
difficult to find a series of fresh exposures illustrating the
whole group, but sections of the group are well developed in
various creeks aijoininer the central portion of the Pine Hut road,
and near Yons Trip.

Thece quartzites have an aggregate thickness exceeding 9,000 rt
The older bels grode into the Somme River Micaccous cunrtzite
horizon.
2, Some River Micaceous Quartzites

The Pine Hut guartzites grailually grade down into more riica-
ceous quartzites, The dividing line has been arbitrarily chosen
ani is not well defined. However the Somme R, horizon differs
from the younger eeries in themi, ns a whole, ils beds are much : ore
micaceous. The horizon is well exposel along the Sorme R., where
it consists of micaceous quartzites, quartzitcs, and viry sandy
mica schists, Crossbeddincy is an extremely common feature of these
beds, The beds appear to weather more rapidly than the Pine Hut
group, poesibly due to the schistose nature of the .ore micaceous
layers, The rocks are invariably fine to very fine grained, and
generally show excellent bedling, The lower members grade into
the Saunders Creek eschists. The minimum thickness is of the order
of 3,500 feet,

3« Baunders Creek Marbles snd Schists,
The Somme R, beds are underlain by a group of marbles separated

by eandy schicts. The ma-~ble bande ace very pronc to lensing, and
the iniividual bands cannot be traced along the strike for more

than a few miles. Locally five bands of marble may be distinguiched
but gemerally only two or three bands are net with in any one
section line, The lens-~like character of the beds, and the poor
outcrop over this region, prevent the detection of Tolding of the
bands; in some cases the outerop pattern suggeets that some banis
mey be due to repetition of others by folding, but it is possible

to explain this by lensing also. The lenslike character of the

rarbles, together with crossbedding seen in the interbedded candy
schists, 18 taken to indicate relatively shallow water deposl tion.
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Some of the marbles huve an apparent ihickness of up to 600 feet;
however it ie aprparent that much of this thickness is due to in-
tense folding within the bed itself - in places the limestones appet
to lLave been forced into knots like toothpaste — unl it ie

thought that the actual thicknees woull rarcly exceed 100°'.

The marbles vary from falrly pure grey an! white marble, to

very impure rideritic and amphibolitic types, with biotite rich
bands., The graein size varies from coarce to fine., The marbles

are inirulel by dolerites, and by haemalite '"lod:s", which are
dealt with later. Quartz velins are aleo fairly common.

The rchiets bearing the marble lenses vary in nsture, On
the western limb of the neln syncline they rarely outerop, but
are occasionally seen as eandy biotite - nuscovite echist, with
rere garncts. On the eastern iimb the schists form the great
bulik of the series. The typlcal schist here found is very
fine grained, the grains usually being smaller than .1 mm, with
flakes of biotite up to 1 mm, The rock is made up chiefly of
quartz and felspar (both plagiocclase and potash felspar) with
blotile and muscovite and rare amphibole. Apatite, zircon,
erhene, and magnetite are present as accessory minerals. The
rocks frequently appear somewhat banled, especially in thin section,
anl crossbedding is sometimes seen., Xnotted schists are developed
in the more argillaceous types. MKany of the eastern schiste are
calcareous, but marbles are not prominent.

The thickness of the Saunder's Creek horizon varies from
about 3,500 feei,(containing up to 1,000 Ft of marble, thoug!: for
reacons stated before, this should probably be of the order of
LOO £t true thickness) in the west, to 6,000 ft on the east
{(containing generally less than 500 feet of marble),

L., ¥Xeynes Gap Saddstones.
The schists and marbles are uniderlain by a somewhat unique

band of epidote-quartz-amphibole rock whichmrely exceeds 20 feet
in thickness., Ths rock is very well banded and extremely fine-
grained, so much £o that the compoments cannot be accurately
determined even under the microscope. The bed has behaved income
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petently and often shows extreme folding. To the north a lens of
gandstione over 1,000 Feet thick separates this bani from what is
taken to be the Saunlers Creek beds base, but the band lasrn a
useful funciion aAas a marker bandl, It is unierlain by the typilecal
cani- tones (wlth esome quartzitez) of the Keyne's Gap group. Theee
sandstones are gencrally massive, and bedding ie rarely chown.
The rock has a saccharoidal appearance, the prelominant mineral
being quartz, with some felspar; In a few places the rock is
flecked with 1light greem or black micas, probably a varicty of
muncovite, and biotite raepectively., The weathering varies from
almoet torlike, to the commoner c¢leaverc rlab type; the latter
type produces the Jagged hills arouni XKeyue's Gap.

It is possible that there bede are in part thickened by
folling, but so fsr only one instance of folllng has been observed,
and that only in a large boulder not in situ.

Toward the north the sandstone becomes slizhtly more micaceous
anl in parts, tends toiard & slightly gneissic appearance. However
with the structure as prceent concelved, the sandetones 4o
not grade into anything approaching a mica schist, within this
area, any such change being ascribed to structural change.

The underlying Keyne's Hill gnelsses ray belong to this
horizon. At and near the contact of the gneisses and sanistones,
the beds have been intruded by dolerite. The thickness of the
Keynes Gap sanlstones (excluiing the possible presence of the
Keynes Hill gnelsses in thls group) is approximately 6,000 feet,
Keyne's Hill Gnelsses  Thece granitised beds may be alterations

of either the Keynes Gap sanidstone horizon, or of the Eden Valley
Sehiste., /As at precent interpreted these beds are derived from the
Eden Valley Schists/ As at present interpreted thece beds are
derived from the Kden Valley Schists, but it is by no means certain
that this interpretation is corrcci. It is propoced to leave these
doubtful beds out of the stratigraphic column, since theilr devel-
opment is obviously a speclalized local case,
5. Eden Valley Yica fchists

As seen further south, the Kepne's Gap beds are underlain
conformébly by a reries of echists and sandy schists exceeding
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4,500' in thickness. In runs 6 and 7 the Keyne's Hill gneisses
prevent any decision as to the conformable nnture of the beds
underlying the sandctone. To the west of these gneleses, schists
anl sandy schiste similar to those to the south outcrop rather
poorly. It is not possible to trace these northcrn bede and
join them up stratigraphically with the Eden Vaelley schists to
the south, but it is reasonable o ascume that they represent

a similar horizon. No marker banis are present, The schists
are made up predominantly of quartz with microcline and albite,
the micaceous minersls being muscovite and biotite.

rmuscovite seems to be slipghtly more abundant then blotite., The
predoninance of quartz and felepar gives the schistc a Fritty
feel in most canes, PRedding is frequently still well ghown, the
originally more arensceous layers not having becn destroyed by
metanorphism,

In many places these schists have been granitised, and granit-
ized sediments, tonalite, "aplite" and pegmatites are found enclosed
in this horizon. It is thought that some of the granitised
beds may represent what were originally more arenaceous bedr.
Along part of the bed of the Gawler R. the schists are distinctly
more sandy than those occurring elsewhere, but this may be a
local change only.

The probable thicknees of these northern schists 1s well
in excess of the estimated minimum of 4,500' which occure to the
south,

{b) Stratigraphy of the younger rocks

The yaungerirocks in the area are not prc¢sent in comparable
amounts to the Kanmantoo Serles.
1. Tertiary rocks, probably pre Pliocene.

(i) Lateritic and leached cappings are prescent on the higher
peaks, such as Keyne's Trig, and Peggy's Hill; thece are coneldered

to be the resiiual remaine of a surface crust developed before
blockfaulting broke up the old peneplain in ? Pliocene time,

The capplnge have & maximum apparent thickness of about 6 feet,
and take the form of a crust of iron (haematite and limonite)

rich mica-bearing no&ular rock unlerlain by white leasched material
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which has the appearance o! a clay mipneral, The cappings
generally have 8 steep c¢liff like face toward the north or west,
while the eastern and southern cides are gentle ¢lopes generally
covered witn alluvium. Thelr elevation ranges frou 1450 to
1644 feet,

(11) Gravel beds are present in two places, These
are concidered to be relles of ancient etrecams, and are either
pre~block faulting inage, or were formed at the time of the
Tirst movements 8long these faulte.

{iii) Possibility of marinc [ertiary beds being below the
surface of the present XYurray Plain.
2. epocite of Doot= > 8 .

These are chiefly the alluvium and soils of the ¥den Valley
region, anl the gravels, talue, travertine (in rart) and coils
of the Yurray llsin,

MY TAKMORFHISM

The rocks of the Kanmantoo Series have undergone high grade
regional metamorphism forming the quartzites, achlets, marbles
ctc, described sbove, The chief metemorphic mincrals founi are
muecovite and biotite, but andalusite, kyanite, garnet, epidote
ani amphiboles are by no means uncomron. In the composite area
studied by my colleagues and myuelf, there geems to be no
reasconable basie for assuming that metamorphiem decreaces in
grade toward the north. However very little petrological work
wos done on the area, emphasis being placed on structure, op
that small differences in metamorphism may have escaped our notice,

There seems to be no clue as to the actual time of metamor-~
phiem; dolerites are now found metamorphotel to amphlbolites, but
since the age relations of the dolerites are unknown, thie 1s
not much help.
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GRANITICATION

The Eden Valley scuiste, and possibly the lower me.bers
of the Keyne's Gep sandstones; have been subjecled to intence
granitiestion, forming gnelsses, "aplite"” and othece “igneous”
rocks. The sedimentary origin of there rocks 1e rarely in
doubt when seen 1n the field. In the extreme stares of granitisa-
tion, (or by intrusion of magma "granite" which would produce
the same effect), nongneissic tonalite, "aplite", ant eranite
pegmatites have been formed. There 'laiter rocks are for
conveniense retferred to as igneous rocks, althoupgh it 1e probable
thnt moet of them are derived from a "mipma" rauhier thnn o "magma",
anl all stager exist between them anl the granitised sedimente,
The granitisel sediments proper are regardeci as such for
the following reasons:
(1) Bedding can still be observed within such rocke in a fow
favourable cases,
(2) The gneincosity is regionally parallel to the regional strike,
(3) The outcrop trend of the rocks is in gencral parallel to the
strike of the enclosing sediments, This is taken Lo represent
evidence for replacement of favorable beds, probably the more
felspathic arenaceocus ones,
(4) No definite contacts, and especially no chilled contacts have
becen obeerved anywhere,
(5) The relation of the granitised bede to structure is in some
cuees indicative of replacement of a favorable bond., Thie is
especially noticeable to the south in Mesers ¥arkhant an1 Rowley's
area, where the core of a flat pltching antleline has been grani-
ticed for several miles,
ithe intensity of granitisation probably increases toward
ti.e south, although this 1s not epparent within Runs 6 and 7.
Granitised beds oceur chiefly to the Bouth-east of Keynes
Trig. Herc they take the form of compact siliceous gneieses which
approach a torlike weathering in some case. A typical gneiss
consiat of ruartz, scapoliticed plagioclase (Basic albite),
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rnierocline, biotite, muncovite aratite ani haematite (prrribly
regnetite); the micas and accecsopry mineesle arc nol very
sbundant. All traces of bedding arec revoveds It L18s nol cerlain
whether ithece rocks were originslly sanldztone op vchists;

on lithological grounis thc former seems the moce probsble, but
on = tructural grounds the latter ig poseibly the more llkely.
More detalled mapping might throw come lirht on this problem,
arpecially 1f ucsed in conjunction with numurous thin recilons of
the rocke,

In addition to these gnelsecs, g rAanitised secdiments occur
in numcrous small outerops in, and on the castern sile of the
large belt of alluvium north west of Fden Valley., Thefc are
genernally less gneissic, and resemble fine grained pegmatitces,
or aplites, although their fiell occurrence suggvsts their
selimentary orizin. A large and apparently corsescutting dbed of
thies type occurs on Photo 13-51 Run 7; however the fleld
exposures of the schisis are not good here, anil 1t ie possible
that thic body ir conformsble, If not it may be due to granitisa-
tion along a shear or by comeé means of echeloning.

Granitization and hetamorphiSm vere no doubtlt contemporaneous.

IGNFOUS ACTIVITY

Igneous rocks and thelr derivations are fairly common in
the area, although acid igneous rocksc are eonfined Lo the Lden
Valley Schista in this arca, With the exception of quartz velns,
no acid igneour rocks or derivatiwees are found above the base
of the Keyne's éap Sandstones; no basle igneou: rockse are found
in rocks above the base of the Soume River kicaceous quartzites,
The lgnecus rocke fall into the following groups.
4. Tonalite: This rock is found in & small outcrop in Photo 13-
52 Run 7, north of Eden Valley. In appesrance it resembles the
Palmer tonalite, being grey and of an even medium grained nature,
The chief minerals present are Andesine (some crysials of which
ghow zoning), orthoelase, quertz, biotite, apatite and zircon,
The plagioclace has in many cases been altered to scapolite, and
a fibrous mineral which ie probably sericite. Biotite is found
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partially or completely altercd to chlorite, which ir usually

also assoclated with epidote., The lack of gnelircic stroctare,

andl the obvious zoninc of the plnrinclase, dictinpuichers this

rock from all otiwrs in the district,

Permalites., Pegmalication is widespread 1n the Iden Valley Schists;
it ic d4ifficult to draw the line between pranlliced eediments, and

intrusive {or at least mobilized) pegmatiter. Coarre grained
pegratites, obviously intrusive, are not widesprcadl, but can be
Tounid to the north of Eden Valley. Here dvkes of coareec pratned
felepar, cuartz, and maccovite, with very rare tourmalire and
beryl, are found intruling the schirts. An a goenersl rule the
dvhes are conforneble with the beddirne, but locally they s re found
croascutting,

"Apliteg" ¥Finegrained leucocratic rocks with the appearance of
aplites are comnion along the Eden Valley -Anracton road. Thenoe
rocks are probably more in the nature of finegrained adamellites,
as they contain a high proportion of plagloclsse., Other ninerals
prese t are quartz, orthoclase, muscovite, and possibly talc.

In spite of the igneous appearance, 1t is thought that the rock
is a granitised sediment. In common with other rocks of this
area, the rock's plagioclase hae been largely altered, probably
to scapolite.

Dolerites: These rocke have becen altered since intrusion

(by regional metamorphism) to amphibolites. They are the most
widespread igneous rocks of the arca, and are founl near Keyne's
Trig., and in the area to the south of Run 7, bordering the Flain,
in mort quantity., However they intrule the Tden Valley Schists,
Keyne's Gap Sandstone, and Saunder's Creek.beds, The texture of
the dolerites varies from finec even grained, to coarscly porphyritic
with phenocryets of felepar up to 3" long. The minerals forming
the rock are Labradorite, & light green slightly pleochroic
amphibole, biotite, and sphene - the latter two belng accessory
only. In the came of the Eastern dolerites (Photo 13 - L2 Run 7)
the plagloclase hac uniergone scapolitization. The northern
merbers (photo 13~28 Run 6) are not scspolitized, while the
remaining groups have not been examined under the microscope.
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The mein groups of dolepeites appear to have been localized by
ghcaring. Some of the dolerites appear to be conformable and
gill-likce. whilc sthere ace delinitely trancgressive., The heat
ol their intruciosn does not appear to hsve markeily affected
marbles 1n contaci with the dolerite, but any efiect ey have been
meeked by cubscguent metamorphisﬁ. In one place {rho.o 13-42
Run 7) what a pcarc to be a dolerite invading a dolcrite (shown
by a possiblc chailled edge, and by difference in weathering) is
interpreted as being a slightly later phase of the eare periodl,
rather than indicative of two perloic of basle itneouc sctivity.

The Anlzrites are resistant to weathering anil Torm low
rounded hills; in the eastern area the dolr-ltes ure often covered
with Kunkar,

Shecared dolcrite has been I'nund in several localities, but it
is thought that minor activity since the main p ricd of shearing
coull accounlt for this discrepancy in age relation, the age of
the lolerites hcing proposed ae being contemporaneous or slightly
later than the main folding and shearing.

Hacmatite "Lodes" in the western limb of" the Saunders Croek

Marbles yroup, marble beds are associated with haematite bodies of
small sizes These haemntite"lodes" whow no boxwork structure
anl are not thought to be derived from sulphli:ies., Campbell found
simllar "lodes" sssocieted with the marbles st Angacston, sni on
the basis of exrosures in open cuts, ani by irililcore rescults,
he rats forward the theory thalt these bodlec are definitely
"inirueive®, oni. ere protably associated with thc dnlerites., The
evidence in this area tends to support Campbells theory.
cuartz Tourmaline "Lodles",

These lodes are numerous in the area of the east limbh of
the Saunder's Creek beis, (Photo 13-30 Run 6). It is thought
that they follow certain horizons in the schists, and they are
usually acsocliatedl with knotted schiet. Thelr outerop is often
bold. They appear to consist of brecclated rock, brecciated quartz,

quartz, and fine rrained tourmaline. 1In a sectlion of what was
taken to be the end phase of one of theee lodes exposed in a creek,
a slightly gossaniferous ironstone band was surroungded by a thin



-15~
band of well crystallized garnets, and this in turn by the
unaltered bountry rock. This is taken to indicate high temperature
formation,

Quartz Veine These derivations of igneous rocks are the only
indication of such action. in the Somme River and Pine Hut
quartzites, Here small bands of quartz, and sometimes a little
tourmaline, are occasionally to be seen. Quartz veins are common
in all other horizons other than the Keyne's Gap Sandstones, where
they are rare or absent. The age of the quartz veins appears to
be later than that of the pegmatites, and post-shearing, but no

definite age can be assigned. Very much sheared quartz found near
Keyne's Trig. may be of an earlier age of vein formation.

SCAPOLITISATION

The mineral scapolite is abundant throughout the area,
although in the eastern part there seems to be & notable decrease
in the amount of scapolitisation as one goes north. However in
the west, around Eden Valley, and in the south of the eastern area,
all the rocks have been scapolitised to some extent., A few bands
of scapolite diopside rock have been noted in the southern part of
the two limbs of the Saunders Creek beds, but generally speaking
this rock is absentj this contaests with the abundence of that
rock immedliately to the south of Run 7 in those horizons. Doubt-
ful scapolite-diopside rock was observed in s small road cutting
on Photo 13-51 Run 6 in the west. Scapolitisation is especially
noticeable in the dolerites, and in the granitised sediments
and igneous rocks, and in the calcareous rocks. Scapolitisation
may be an end phase of the basic igneous activity, but ith-
widespread occurrence (especially further south) may render this
unlikely in the present case,

STRUCTURE

(a) The dominating structure of the area is a large northpitching
syncline. This syncline is well shown by the outcrop pattern of

the Saunders Creek bede on the eastern half of the composite map.
The syncline is modified by faulting, the east limb being relatively

upfaulted along a plane which probably dips to the east; this
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taulting has produced a resultant wesrtward movemcnt of the cedlimentis

affectel, The fault-plane h:s not been observel anyvwhere in

Rune 6 and 7, and very litile brecciationfnhilificqtionhas been

found near or al the suespected poclition of the fwuuli. The rock

types elther slde of the fault are not suffici:ntly distinctiive

to allow thelr use in its location. The fault h's ther<iforce been

located by the boundary of structural features (cuch as "rolline"

in the gquertzite, east-west strikes, anl unintorrasted H-8 strikes).

The fault-line =trikes approximately north-~south. It the oouth

the Tault ic slmost an axisl line fault, while Iin the extreme

north it is almosf a strike foult, with all gr dations in between.
In the arco of Run 6 and 7, the nose o1 the syncline is

developed in competent rocks 6f the Pine Hut {uartzite horizons,

and there rocks have been thrown into a scries of "rolls" in ihe

immedinte vicinity of the nosc., The nose is thus made up of a

succession of small folds. (approximately 6 fonlds to one chain

horizontal listance), and the outcrop pattern of any bed resembles

outsize corrugations, These rolls are very gentle folds pitching

at angles of 20 to 50 degrees northerly; their average pltcl,

about 3% to L0 -degrees, is tsken ton indicaie the pitch of the main

syncline which they form. Any one bel cun never be traced ifor

more than several chaine due to poor exposures, anl marker bands

arc absent, 5o the actual posltion of the synclinnl axis 1s largely

guesswork, In the north, where the eastern limbs of some of the

hlsher beis shoulkl be unaffectel by the fault, the lack of onutcrop

anl of marker beds prevents any bed's outcrop beiny plotted.

The axial line ol the syncline strikes a 1litille wert of
north, but appecars to swing to east of north to the south., This
swing 1s thought to be more apparsnt than real, and is dae to the
faulting of the east limb. Both limbs of the syncline dip steeply
invari at angles of about 60 to 80 degrees,
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(b) Relntion of Structure to Stiranin Wlliredd

The eastern syrcline is picturel as being due primarily to
an approximately cssct-.ect compression, Probably the agtive
compressive force war from the kagi, thus cauging the tendency
towards overthrusting as evidenced in the faultin; described
sbove, and the undoubted overthrusting founl by Campane on the
Gawler Sheet,

In the Cambrai sheet only one shear dlrection ie at all
prominent; it is evidenced by Joints, nnd creek lineations, and has
a strike from %0° to 80°. Displaceunent along this direction isc
rarcly observel, but emall Taults with the thooreticul displocement
of noarth block east, have been osecenin the vouth,

Axial plsne cleavage, Ifracturc clcavagce, aps tension cracks
are vory poorly chown, or cboent, no doubt duc to the .nfavorable
nsture of the rediments,

The fault along the east 1limb of the ayncline is upproximately
parallel to the axlal plane tension dlrecilon.

{¢) The “eatcrn Ctruscture To the wert of Keyne't Valluy, enpecla-

11y west of the Keyne's Gap Banidstoncs, Lhe siructure bueomer
nore compliicatel, The lack of outcrops in critieal yplucie, and
the entire 1leck of any marker beds prevents an accurcte elucldation
of structurc. = The belg are thought to etrike in the .anner indl-
catel by pencille? strikec linec on Lhe composite 4"=1 mile gcologicadl
map.  However Luic siruciure does nol correlate vwith any to ihe
go.Lth, anl defini-.ely docc not corrclate with Campbell's structures
gome milcs to tiac north. The south pitch (300 to 600) when
concliered in the lighi of our compoulte strutigraphy, and Campbell's
mwapping to thoe north, seems to suggest that the steucture in this
area has very little celation to the maln eastern oyncline.
Hovever o the south, in Runs 8 - 1}, the siructurc in the Eden
velley schists ic that of gentle folding (of rlat pltch) on Lhe
1imbh of the walin syncline,

In an attempt to decipher the stiruciure of Runs 6 - 8,
lI'r. Rowley and myvelt aettempted to tie in the mapping of the Angas-
ton marbles by Campbell, wich the Saundier's Creck bels, A reconn-
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alissance in the area indicated a probable correlation ¢shown on
Lilitary Sheet - Cambrai), and it is now considered thal the

twe marble groups are of similar ctratigraphic horizons. Ascumling
Campbell’s outcrop mapping to be correct, we interpret the structure
in that area as essentially a north pitching anticline (probably
modified by faulting) and syncline moiifying the o:tcrop pattern
of the nain eastern syncline, This struclure disagrees with

that mapped by Campbell, who assumes that the syncline postulated
above is amctually a south piltching anticline. Hic slructurve seems
impossible on thc hasis of our regional stratlgraphy, but agrees
rather well with the south piteh of the rocks in Rune 6 anl 7. As
the evidence stands at present our suggentlon cecoiin the more
rrobable.

There is the poreibility of overiurncl bels, cnl even of
overturned pitch, but the comparatively gentle foldling elsewhere
(in the compoeite area) militates againrt this. The structure
of Runn 6,7 nnd 8 i= thought to be due to crossfolding ani faulting
modifying the eimple siructure scupgceted above, The true structure,
and its oripgln, will not be satisfactlorily known until mapping
to the north and west has given the reglionsl rcettine - especlally
in relation to the aunders Creek and Penrice (Angaston) Karble
hnrizons., This wappineg shonld i1l rossible be carried out by

cotenne familiar with t . e stratigraphy ng eeen in o crece rection
say o Run 103,

The faults showr on the composite Geeloglcal map in this
western areas are suspected on lithological and copopraphic grounds
onI Y,

(2) Tertiary Block-faulting: kaulting dvring ? DPllocene lLine

occurred along what is nos Lhe e2ctern boundary o' the Jurray <ange
(and also of the known outcrop of Kanmantoo rocks), Lhe western
block beiny elevatel rcl:tive to the eastern (Murray Plain) block.
The fault ie now glven topographic expression by the sabrupt rise

of thc hille fron the plain. The eviilence for the faugliing is
almoest entircly topographic, but the eastern most exposures of
Karsantoo rocks are usually shaitercd anl sometimes cheared.
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The actual porition of the fault is not known, but hac been

taken to be a few ¢ 2ing (ast of the cxporures refcrred to abhove,
The fault zone was probably brond, ant not confincl to a sinrlc
plane,

This fault ectlrikes approximately north-sna.b:, wilh pcriodie
off'sets of' up to § mile in an casterly lircction as one goecc north,
The msin fault direction parallels the pre-exirting fault direction
gcen in the eastcrn syneline, while the offsets approximately
parallel the chear direction shown in the older ctructur:s.

The f'ault appears to have followedl there pre exiatin: :iirectiong of
wWeaknese,

The verlicol displsce-enl sopears to have been of the order
of 1,000%, the eurtorn block beine relsotively couvntlrown ani Lhe
wacbeer blaoek elevaied, The estinnte ol the murnilulc of the
Yeplacersent ie basedl on the prescat day level of the plain
(Approx 500' near the fault) aud of lstecicic caj. iqegt an! gravel
beis nn the .estern block (1300 to 16LO fect), andl is not thousht
to be very rilisble,

AGW QW KATHANTOO SWNIWO, AT ™ QW T POLNITR
There i: no gencral agreewent on the are of the Kanmantno

Cerier,

lioesfeld hess advanced ithe theory that the rcries (as here
defired) is of Adelride System age, wWith the excention of the
Fden Valley Bchisetls, which he suggests are unconiosiemable and older
in sre. The latter poseibility is supported in the ara of Runs 6 and
7 by the fact that the rchists arc the only grsniticed bede of the
ferice, and cannot be seen to be conformsble with Lhe Reyrne's Qap
ferdetones. [Fovever the findinge of my collcacucs 1o nct suprort
eliter thr uncontorisble neture, or the lsck of geonitisation in
overlying bedc, and it is considered thet the beds fori. one conflorm-
able rerier; any syyprarent departures are thouwprht to be due to
structural caurseg,

itosrf'¢l? has reported tracing bele, which correspond to our
fauniler's Ureek group, into a tillite hosizon both north anl east of
Duttor. In the abeence of any eviderce Lo refutc thic clainm, my
c¢illeaguer und 1 fecl that the Kanmantoo Series murt be teken to be
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of Adelaide Systom age.

Sprigs; has suggested that the Kanmantoo Seriee may be of
post-Proterozolc age, representing the eygeosynclinal phuse ol the
mio;eosynclinal Adeclalde System, The nore intence metamorphlienm
of theee sunposedly younger rocks could be accounted for by the
eventual collapre of the geosyncline. The relastively coaree,
challow water nature of the sediments, the entire lack of foreile,
and Nogsfeld's findings described above, deprive tiis sugrestion of
any supporting eviidence. .

The onlv o-her possibility - that the Ceriecs io of pre-adecl ide
Syctem age - wnile supported by the wivanzedl stale ol ils melLomor-
vhicm and granitication, 1o ant concideret to bo very likoly.

Acsuning ithe bels Lo be ol sdelsiie Systvem (Mil to Late vroter-
ozolc) save, the foliling is, ©y analogy with that in the Flinlers
Rangres, of posi=-milCembrian age, snl may have econbtinucd on a minor

cenle af'ter the Palseozoic un to the Mesozolce.

BEOOAQIIC GXILOGY
workable mincral deporits have been rarc in thic area, and

proluction hire been mall,.
(s) Base Meial Dcposite,

The nnly meitallic snlphiles obrserved in t.s arca were pyrite
and posribly pyrrhotito andt chalecocite, ﬂo sulphides occur in
itrsenrtant quantities outslie the lNorth Rhine Courcr Yine de;nrit,

Copper mineralization on a small acale io wilerprerd in the
eartern part of the ares. ©he wineralization, with one cxcepiion,
ie lisilted to beds of the Ssunder's Creck Marbler and Lcilistr,

Tre following occurrences have been noted,

1. “orth Rhine Sopper tine, This deposit is kitustel just north of
the Pine flut roal, on sections %63 and %70, iunired of Jellicoe.

The dumpe an? shafts can be veen on Fhoto 13-26 Run 6.

Traces of corper, anl ironstained qusartz godran, occur over a
wile area. Thc copper occurs as azurite and mslachite imprernations
in n white roft randistone, anl sleo in pyrite-guartiz velns, There
are two main lnies, whicho trike aspproximntely Horih-south, and 7dip



2w

]50 went. Four shafts, anl geversl srnall pits have becn sunk to
prosgect the deporit. The msin shaft is turmounted by a ctone
tover and a chianey ab ut fifty feet hich, anl appears .o be
tinrberei, At present water fills this shaft to within 15 feet of the
surface. A lsrge volume of broken rock present orouni the rhuaft
indicatcs that a conciderable amount of vork hae bcen done undor-
grouni, Iyrite, possibly chalcocite, anid corper carbonste., are
prercnt in a few gpecimens of rock - usually qusrtz velns 1ln sandstone
bui the bulk of the material sppears to be barren rock, fisrnet
i¢ vometimes obicrvel, The country rock is poorly bedded and
ponrly exposel in the region of the deposit, hat a-necars lo ©otrike
gt sbout 220° an! Aip eastwarl at an lcs ar lov 2= 30°. Tolling
pray he present, but cannot bée nroved,

Fron oli mining recoris 1t has b=aen asscorialned tiau one
sheft ectalnei a depth of 260 feet andl that the lole in this shaft
wes driven on for 420 feet. The lode, although 3 to 4 fect wide,
conteirned too emmch pyrite to bhe econnmuicnlly worked. The Yerzine
ghaft" precusably s 'Ifferecrt shaft in-lintelr e jscont Lo the
precelinz, atlsined a depth of 3N0', el a Arive Tollouwel the lole
far 3C0', The lodg waes not payable, bul contzinct "hluck cul:rhuret"
{(precumably parily decomporel pyrite w_th nome co per, pocvibly
chalcocite) throuawvhoint.

Up to Aapurt 1854 the ninc hed ;roduced over 100 toun of
approavimately 204 ore., the mince hac bern closed Zor ov.r 90 years,

There if no ohvious r afon as to why the lotee are citusted
Where thoy areg there reems Lo he no obvious siructursl control, and
it anpears that the ranlstones ant quertzites woulld precent little
chemical favourabilily.
2, 7211 Shnft, Troto 13-L2 PBan 7, Here a chaft about 25' lecp
h.:s heen sunk to roveal wraces of copper carbonantesr dissendinated

in schist. GQuartz torurnialine velne outerop nearby, erd may bo

reneticully connected,

3. Pige 't “ond Photo 173=-L1 Run 7, porllwesi gorper.
Trrwdiately rcutiy of the roud severnsl sh llow clhafts and a

gerien of pit: Lave prorpected corper bearing rocr. The copper




PP

appears to occur as staining in schist snd knotted schisuv, and
appcars to be acsociated with guartz tourmaline veins which occur
nearby and may be intercected in the shafts. Some minor shatter-
ing of the schists was observed. The prospectinc woe unsuccecaful.
L. Shaft, near ceeek, Photo 13-30 RBun 6. A sballow ehaft has been
EuUnk on a quartz vein showing copper carbonate staining. VPtalsaschite
and azurite are also present 1n the biotite =chist eountry rock.
The queartz veln occuples a minor shatter zone in the schiste,
Prodiction appeare to have been nepligible,

5. It is considered that minor copper minerslization of no

.
e

irdustrisl importance may be aceoclated with quartz tourmaline
"lodes" orcurrdng ir the schists on FPhotos 13<30 Run 6, and 13-L2,
Run 7. ©$o far these loder have nnt becn prospecie, an? surface
indications =zre not cnesurceing,
(bJ KON FRPALLIC D2o0UIrS

1. Kunkar Smell pite have been openel in the tankar Jepived
from morbles on tie roadrare in Phntors 13-47 Run 7 anil 41729 qun 4.

In eceve~ 1 places on the furrey Plain smoll pi-s have born Q0E Nt
in surface travertine., The matcrial har been ysed as ra Tie enl,

2, "Arlitic GQronite® A rrall ruarey 2lon; the main “ien Ynllcy-~

An.aston roal (Phots 17-52 2an 7 ) has explodtel tiis pmlepinl
Tor roslmeisl,
Se _§hg?P93“ﬁgﬁgig_zqgg. Inir crurbly material bt becn ~guepicd {'c

rmi11metal n ar Kevne's ITris,

Le “esidunl leached mabzrinl has been used s ro Ireial from mall

clte north east of ¥den “alley.

5« Cravel. lertiszpy grovel beds hove becrn wonked near  he aain
kder Valley - argastinn poud (rioto 13-19 Rqun 6} 2ni1 in the nanrth
of' ‘hoto 1.-25 :un a nTE e ¥evnotor kond,  The 1-L,ep deporit

Is cuite extencive wnd is riill heing worked,
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LIST OF ACCOYPANYING PLANS “TC.

Ethulon Fact Sheet, Scale L4"=1mile

Compasite Interpreted Geological Sheet. ©Scale 4"= 1 mile.

Locality Map {(attached)

One Mile Cambrai Military Map, slowing approximate outcrop of
saunder's Creek and Penrice marble beds,

Slotted template ploat of Runs 6 ani 7

Slotted templale plot of Runs 6-7-8-9

Cross sections along lines shown on 23,

Hand Speeimens and thin rections as listed.
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RAND 80701 WHS AND CLIDES

Pine Hut {usrtzites
PBanded uartzite

0. Slide ro., LocslityPhoto

1 135-29 Run 6

Impure Quartzite - 13~-45 *RHun 7

. L
@
= W -*F

eathered guartzite - 13-45 Run 7
Sonme River Micac, (uartizlies
¥icac., Quartzite,
garnet bearing - 13-47 Run 7
Saunder's Creek lMarblee & fchists
Impure banded marble 5 - 13-43 Run 7
Impure sideritic marbleb 2 13-25 Run &
Marble 7 - 13-47 Run 7
Schist with garnets 8 - 13~47 Run 7
Schist 9 3 13=-43 Run 7
Pyritic Schist 10 - 13-31 Run 6
Keyne's Gap ‘andstones
Sandstone 11 - 13-49 Run 7
Sarndetone with anthophyllite
12 - 13-49 BRun 7
Banded Qtz~¥pidote~Amphibolite rock
12A 5 13-23 Run 6
Eden Valley Schicsts
Schist 13 - 13~54 Run 7
Sandy Schist 14 6 13-49 Run 7
Schist 15 - 13=-21 Run 6
81licified Sediment ¢ tuff 15 A. - 43-21 Run 6
Igneous
Tonalite 16 7 43-5¢ Run 7

Porphyritic Dolerite (Amphitalite)
18 - 13-43 TRun 7

[1]
Dolerite (7 ) 8 13-2% Run 6

Dnlerite ( " )
19 ) 13-49 Run 7.
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Granitisel Sedimentis

Spec. Mo, Slide Fo. Locality Phnto
Keyne's Hill Gneliss 20 9 13-49 Run 7
Silicified Sandstone 21 4 43-49 Run 7
Aplillie Rock 22 10 43-54 Run 7
Economic and tiscellaneous
Tourmaline vein 23 - 13-4% Run 7
Tourmaline Zusrtz vein 24 - 13-31 Run 6

Leached parl of end stage of (24) 25 43«31 Run 6

Garnets - alter tion zone ground (25)
2

13-31 Run 6,
North Rhine Copper line

Sulphide lode matter 27 - 13~45 Run 7

Copper staining in Sandrtone 28 - 13-45 Run 7

Quartz veln in sandstone 29 - 13-45 Run 7
Lesched cappings

Pegey's X111 laterite 30, 34 - 13-24 Run 6

Xeyne's Trig., laterite 32 - 13=49 Run 7
Surface Material, ? Gossans

Boxwork and quartz crystals 33 - 13-19 Run 6

Quartz erystals, and boxwork 34 - 13-19 Run &

Quartz with guartz crystals in cavities

35 - 13-53 Run 7

Note, The precise épecimen localitlcs are shown on the Ethulon fact
map (Scale 4" = 1 mile) in red ink



