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ABSTRACT

Detailed stratigraphic mapping and facies analyslils in
the tast Rooks area has revealed 7 stratigraphic units
representing distinct depositional eventz., These 7 units,
designated ER1 (Fast Rookg) to ER?7,; reflect broad environ-
mental changes indicated by lithology, sedimentary struc-

tures and energy regimes.

tarly enviromments include locally developed distal
@alluvial fans and fluvial braild plains, marginal marine
sabkhag and wave influenced fan deltas. The subsedquent
uwidespread phase of deposition occurred in marine to

marqginal marine environments.

This study has shown that Burra Group sedimentation
was influenced by a palaechigh to the narth, thought to

be an area of uplifted Callanna Hads,
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INTRODUCTION

Since the late 1800's the Willouran Ranges have been
a target for base metsl exploration. From 1964 aonwards,
variopus mining companiegs have held leases in the area
and all have used geochemistry as their main exploration

tool.

Since 1976, Utah Development Dompany has held the
tenement in the Willouranm Ranges and has undertsaken a
gearch for copper wlth an explerstion philosephy relying

on detailed mapping and sedimentological investigation.

This project was Initiated under Utah Development
Company gponsorship in order to map a previcusly unexplored
part of their iewnse and to provide further gedimentoloegical

data for thelr copper sedrch.



CHAPTER 4: PRELIMINARY DISCUSSI0ON

Tobt

l.ocation and sccess

The Willouran Rarges lie to the northwest of the
Flinders Ranges. MWMarree, which 1s 580km north of Adelaide,
ig situmted on the alluvial plain on the northeastern edge
af the Willouran Ranges. The Cast Rooks area Llies to the
north of Willowran HiIll, and covers an avea of ZU0ag.km.

The total area lieg between 2974675 - 2974875 and
1375776 « A38°0VE (Fig. 1).

Roceas to the ares is obtained using four wheel drive

vehicles along well malntained tracks.

o

ARims of this project
1. To map and describe the stratigraphy of the East Rooks

areg.

2. To devive & palasogeograephic interpretation of fhe

area during bthe deposition of the Burra Group.
Previous Investigations

No detalled study has previously been undertaken in the
East Rooks darea, however Mawszon (1927) undertook a brief
reconnaissance of the study area to the west of Breaden
H1ll, Murrell (1977) has mapped the study area as part
of a regional investigation of the Willouren Ranges. The
South fwustralian Depariment of Mines and Energy has mapped
the region for inclusivn on the 1:250,000 Curdinurka Sheet.
Since 1964 various mining exploration companles have 2x-
plored the Willouran Ranges, wilih Utah Development Company
surrantly holding the tenement.

Regional stratigraphy

“The Burra Group (Mirams and Forbes, 1964) 1s the second

ot the Four cycles of sedimentaztion recognized in the
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Adelaide System (Thuomson et al., 1964). This lithoustratie
nraphic unit of Torrensian to early Sturtian age 1s ex-
tremely widespread throughout the Adelaide "Geosyncline®.

It unconformably overlies either crystallline basement or

the first cyecle of sedimentation represented by the Calillanna
Beds. The type section for the Callanna Heds is located in
the Willouran Ranges, and is described as a sequence of
carhonacgcus, pyritic siltatones and shales, micaceous

and silty immature sandstones, grey limestones and buff
daolomites. These were deposited under low energy evaporitic,
tidal flat to subtlidael basin conditions (Preiss, 1979).

The Burra Group represents @ major tectono-sedimentary
cycle commencing with widespread clastic sedimentation.
Preisas (1979) and others suggested that this is a trans-
oressive svent, although work done by Utsh Development
Company may compel a ravision (Rowlands, 1979, pers.
comm. Y. Following this phase, a mixed clastic carbonate
sequence, characterized by “primary? dolomite and magnesite
developad. Burra Group sedimentation ended with the onset

of sarly LGturtlan tectoniam.

Murrell (1977) has corrvelated rock units within the
Burra Group ip the Willeouran Ranges with those on the
1:250,000 Copley Sheet (Coats et al., 1973). Fig. 2
exhibits the relation af the units within East Rooks with
the stratigraphic nomenclature of Murrell (1977) and Utah
Develapment Company (U.0.C. Report 301, 1977). Fig. 1
illustrates the distribution of Burra Group sediments

within the Willouran Ranges.
Regional structure and tectonics

The tectonic framework of the Stwart Shelf and the
Adelaide *Gacsyncline" from pre-Adelaldean to early Sturtian
times, 1s defined by & protracted period of strong inter-
mittent tensional tectonism, Followed by relatlve gquiga-
conce during Sturtian times (Preiss et al., in press).

This is expressed by repeated uplifl, ceused hy differential

Faulting, providing sediment spurce areas to the north and
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northeast of the Adelaide "Geosynclinal® arega. Murrell
(1977) hes demonstrated these tectonic effects on Burra
Group sedimentation. Murrell concluded that during Burra
Group deposition the basin was a complex half graben
between a hinge along the Norwest Faultline and a Faulted

margin along the East Willouran Fault.

Superimposed on this were second eorder half grabens,
with eharacteristic fapies and thickness changes. Faultlng
within the Ndelaide Fold Belt is of great importance in
controlling the differing patterns of deposition nhserved
in the Lower Callanna Beds, the Surra Group and the Umber-

atana Group (Rutland and Murrell, 19753,

Murrell (1977) has recognized three periods of deform-
atinn within the Willouran Ranges. Pre-Burra Group
deformation marks the First period of folding. Murrell
(1977) notes, however, that most of the structures observed
in the Csllanna Beds are due to slumping and agsociated
diapirism of sediments while soft or in a poorly lithified
state prior to deposition of the Burra Growp., The secontd
neriod of folding occurred in pre-Umberatana Group timesa.
This has heen attributed to growth folding due to rotation
of fault blocks during this peripd {(Murrell, 1977). The
youngest phase of felding evolved during the Carly Palago-
zoiec Delamarian Orogeny (Thomson, in Parkin, ed., 1969),

which ia the main folding phase of the Adelaide Fold Belt.

0n the ecastern margin of the Fast Rooks area, easterly
dipping Burra Group sediments contact with contorted
carbonrates of the Callanna Beds. This contact has been

mapped as the East Willgursn Fault by Murrell (1977).
The Callanna Beds/Burra Group unconformity

Preiss (1979) reports that recognition of an erosional
hreak between the Callamna Beds and the Burra Group is
cucrently unresolved. However Murrell (1977) cancluded
that deformation of the Csllanna Beds occurred prior to

Aurra Group deposition. Stratigraphic thinning and



persistent development of nearshore Facies in the Burra
Group against pre-Torvensian carbonates, shales and sand-
stones is difficuli to resolve unless an unconformity is
present (Preiss et al., in press), Detailed mapping by
Utah Develaopment Company has established that the Callanna
Beds/Aurra Group unconformity does exist in the Willouran
Ranges (U.D.C. Report 301, 1977).

N disconformity defines the contsct between the silicie
fied carhonates and black shales af the Oallanna Beds, and
the relatively undeformed basal Burra Group on the western
margin of the study srea. This is based on the ohservation
af a regolith breccis zone which can be traced along the
contact. The disconformity exhibits a weathering induced

mantle of silicification and fFerruginization.

Murrell (4977) mapped an unconformity epproximately

km to the west of the contact proposed in thig thesls. )

£

Stratigraphic methods and definitions
1.7.1 HMethods

Mapping was undertaken at 1:10,000 scale uslng colour

photographs supplied by Utah Development Company.

Five lines of secktion itotalling 15km were logged
. s

. . . § - X
(Fig. 5) and data stored on Previsionelle Diagram Coupes

{refer to Appendix 2).

Mappable units have been named ER1 to ER7. These units
were derived in an attempt to reflect depositional events
rather than pure lithostratigraphy. The FPrevisionelle
Dimgram documents sedimentolongical datz from which Lombard
Curves can be derived (refer tu Appendix 2). This addi-
tional parameter shows changes in the energy of the deposi-
tional environments, reflected by the granulometry of the
gediments. Coupled with extensive strike walking the dota
leads to recognition of broad changes in depositional ene-

vironment, which in tuvn leasds to map unit selection.
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Detaniled Previgionelle Diagrams are held by Dr. V. Gostin
at the University of Adelalde, and by Utah Developmenth

Gomparny. Fig. 5 is included as an pxample.

1.7.2 hefinitions

Tidal zone teeminolagy; VYsupratlidal™, "Intertidal® and
teubtidal® are used to reflect degrees of subserial ex-
pusure, and do not necesaarily imply regular digrnal tides

srnd sogociated tidel currents.

The term "hasinsl" ig used in this thesls &3 a general
term ©n describe any subsguecus reducing environment below

wave hosgs,

Throunhout the text end diagrams, "gandstone" is taken
to wmean a guartz rich arenite or gquartz arsnlte of Folk
{1974 .



CHARTER 2: RESTRIGCTED FHASE 0F BURRA GROUP DEPOSTTION

2.1 Introduction

Distribution of Burra Broup sediments suggests that the
Burva Group "Sea' was a number of linear basins and large
arpas of shallow water (Murrell, 1977). Mapping by Utah
Development Company has shown that discrete sub- basing
existed in the earlier phases of Burra Group depositian.
The style and type of sedimentation in these sub-bagins is
distinct oand therefore restricted (U.D.C. Report 371, 1979).
However both Murrell (1977) and Utah Development Company
recngnise that the sedimentary event represented in the
Fast Ronks ares by ERL, is a basinwide phenomena. This
chapter discusses the early restricted phase of Burra

Group deposition represented by ER1 to 3,

2.2 Formation description of ERA

The bhasal clastic unit of the Burra Group develops a
maximum thickness of approximately 600m near traverse 3,
and thinms southward to a thickness of 455m at traverse 2
(Fig. 6&). The northern and southern faulted houndarles
juxtapose ER1 with contorted and brecclioted carhonates and
shales of the Callana Heds., The base of the unit is a

digeonformity which has been discussed previously.

Lithologically, ER1 consiets mainly of white arkoses
and subarkoses which are variably calcareous. Rhomb
shaped voids which are posgibly after calcite occur on the
bedding planes of some outcrops. fGrainsize varies from
coarse to fine sandsize, however medium sandsized grains
appear dominant. Orthoclase and microcline are the common
feldspar minerals, although kaolinization of albite is
widespread, sn 1t is difficult to estimate lts priginal
abundance. Orthoclase is freguently perthitic. Quartz
grains are generally subrounded to rounded and exhibif
undulose extinetion., A granitic terrain would be a guit-

able source area For these sediments. Green micaceous



N3

shaleyg and muscovite rich subarkoses are also present

within ER1.

The unit exhibits a blanket style of sedimentation.
High Flow regime conditions, reflected by horlzontally
laminated sediments dominate the unit. A possible parting
lineation 1s also noted in some outcrops. Simple graded
bedding, indicating decreasing current flow and competancy

ig commonly assoniated with the laminated sediments
(Reineck and Singh, 1973).

Lower flow regime fegatures, which are less comwon,
irclude planar and frough cross~seis. Iesplated trough
croes-s2ts occur, which are usually 10om to 20cm in set
thickness. They indicate a current direction to the

south and southeast.

Beda rarvely attain a thickness of over a few metres
but may only ke diffarentiated by thin layers of fipe sand

and silt which commaonly show degsication features.

Superimposed on this sedimentary pattern are minor,
heterolithic,fining upward asscciations of fine grained
subarknsesg, and green siltstoneg and shales, which together
develop flaser, lenticular and wsvy bedding (Plate 1).
Bifurcating ripple marks which show & FTorm discordant
cross lamination are common in this interval and are wave
induced (Reineck and Singh, 1973; Dg Rasf et al.,, 1977).
Symmetric rcipple forms are wmere freguently abserved than
gither the commonly occurring filat topped ripples, or

rarely occurring intevference ripples.

Emergence and arid conditions are indicated by dessica-
tion mudcrack casta, which often show two generations of
dessication (Plate 1) and by pseudomorphs of halite and
posaible gypsum.

Falaeoenvironmental interpretation of ERY

The dominant high energy theme of CR1, coupled with the
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arkosic nature of the sediments, suguests rapid deposition

From a source ared with high relief, Upper plane bed

n

conditions are obtepined in the distal reaches of an alluvial

fan by flood Flows which expand at the downstream ends of
channels (Reading, 1978). Graded beds are consistent with
a gurpe like flood of sediment and lsck of subsequent

reworking.

Low Flow regime fFeatures such as large scale frough
cross~lamination indicates megaripple migration, while
planar cross-laminatisn is known to form by migration of
sandy foreset bars. Hoth festures are common in digtal

hratded rivers and alluvial plains (Rust, 1978).

Tidal marine influence, although minnr, is indicated hy
(i) wave ripple marks, (i1) interfevence ripples, (iii)
flat topped ripples, (iv) flasger, lenticular and wavy
bedding, and (v) degsication mudcracks and evaporite

minerals indicating emergence.

The high and low Flow regime features discussed are
consistent with a distal siluvial fan and sandy Fluvial
hbraidplain, respectively. The evidence of minor tidal
infFluence suggests that a Fluvial braidplain is more
probable, however 1f the coast was sufficiently steep,
then distal alluvial fans may have passsad into a marine
envivonment without an slluvial pilaln developing. However
furiher work is reguired to Jjustify etther conclusion

definitively.

The southerly thinning of ER1 can be explained by a
palaeohigh which is known to have affected sedimentation
at this straticraphic level further south (U.D.0. Report
308, 1978},

Formatlion description of ERZ
The hase of FRY? vepresents = change in depositional

gnvironment Feom a vigorous clastic deposltory to a

relatively quiet marginel marine environment. It is
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characterized by a wmixegd chemical/terrigenous style of
sedimentation, The unit attains a maximum thickness of
505%m near traverse 3 (Fig. 6) and thins gradually to the
south. The northern half is wmarked by numernus, northwest
trending, strike~glip faults which displace bedding in an
gn echelon fashion. The northern boundary is defined by

a fFault, which extends right ascross the northern extent

of the mapped ared.

Lithotope 1 is a green weathering, calcarecus silt-shale
which is black and carbBonaceous when fresh., It is finely
laminated and exhlibits large pyritohedron shaped voids up
to 1cm in diameter. This lithotope varies in thickness

from less then 1m te & maximum of 30m.

Lithotope 2 is represented by a medium to fine grained,
texturally mature subarkouse. Thils llthotope exhiblits
nositive relief and can be used as a warker horizen within
FR2, It is dominantly parallel laminated although 10cm
high crosg-gets were Found in one location, demonstrating
a psurrent directlon towards the south., WNo current lineéa-
tions are evident. Wave ripple marks are common and are
variable in orientation. Flat topped ripples are well

developed in thie lithotope (Plate 2).

Lithotope 3 is represented by platy, very fine to fine
grained, dolomitic subarkoses and sllte~shales. Minor
cryptalgal dolomites, exhibiting teepees, are also observed
in thig lithotope (Plate 2). It attaing a maximum thicke
ness of 40m and has low landscape relief. Fine subarkoses
occur as thin beds which usually show wave rvipple marks,
while the silt-shales commonly have dessication cracks.
Discrete beds of fine subarkoses have well developed sand
" Filled pseudomorphs after halite. TIndividual pseudomorphs
are scattered over a rippled surface and develop cublc
form with a maximum size of 1em {(Plate 2). Lithotope 3
alasn presents evidence of other evaporite minerals. 0On
one horizen, a8 very fine grained, dolomltic subarkose has
voids randomly placed through the rock. They express

triangular and diamond shapes in thin section and are
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infilled with an equigranular mosaic of dolomite (Plate
3}Y. Similar features have been described as dolomite
aseudomorphs after gypsum (Tucker, 1976b). The diamond
shaped pseudonorphs are commonly dom in length.  The howat
rock exhibits no depositional features pogsibly due to
dispuption following gypsum growth. Closely associated
is & bed of randomly oriented, indurated clasts of
‘dnlomitic siltstone forming an intraclaast conglomerate.
Clasts vary from coarse sandslzed particles, to plates

o 7om in diameter. Any suggestion of fransport, such as
imhrication, cannot be demonstrated,hence 1n situ forme-
ation must be concluded. Proximity of evaporite minerals
suggeast they may be part of a collapse breccia. This
results when beds containing evaporites are exposed t0
percolating meteoric waters of low salinity, which dissnolve
the soluble evaporite minerals, resulting in the collapase
of overlying sediments into the weakened sediments below
(Jemes, 1977).

Lithotope & is represented by very fine gralned,
dolomite orainstone and Finely crystalline dolomite. The
hase of these beds ig wsually a yellowy-whilte, very fine,
dulomite grainmstone. The dolomite grains have been transe
ported although no current features are preserved. Ree
prystallization is minor suggesting that dolomite may he
primary., Minor silica occurs as lenticules and nodules.
The top of the lithotope is a dark, finely crystalline,
laminated dolomite. Dessication features are apparent
but not widespread possibly due to lack of preservation

rather than original abundance.

A noteworthy feature of ER2 ig the presence of silica
nodules and geodes simllar toe those reported as pseudo-
morphs after anhydrite (Plate &) (Chowns and Elkins, 1974
Tucker, 1976a and 1976h). These sillca nodules have a
rounded Y"cauliflower?® exterior, which exhibits fine ridges
radiating out from the centre of the nodule. In thin
gection, flamboyantly radiating guartz pmanating from a
Finely crystalline core defines these nodules (Plate L.

Within the radiating guartz small inclusions exhibiting
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high hirefringence, moderate relief and orthorhaombic form
are noted. These are possibly relict anhydrite inclusions.
The guartz geodes have a drusy quartz infilling, which
grades out into wicrocrystalline guartz forming the "rind"
of the nodule. Relict anhydrite is trapped as inclusions
within the microcrystalline quartz "rind"., Anhydrite
characteristically forms as nodules, consisting of un-
cemented crystal aggrengates in which growth is malntained
by the development of new crystals within the framework

of earlier ones (Shearman, 1966). Orowth is Yexplosive®
and complex nodules Farm, exhibliting surface morphologties
similar to those observed in the gquartz geodes and nodules
(Chowns and Elkins, 1974; Shearman, 1966) (Plate 4).
Disruption of the laminated host carbonate and the lack

of occluded grains af carbormnate in the guartz suggests that
the original crystals were displacive hence formed after
sedimentation (Tucker, 1976b). Silice nodules appear on
their own or concentrated as heds and laminae. The quartz
geades often appear coalesced and distorted, possibly due
to explosive growth and submsequent interference with
adjacent anhydrite nodules, or perhaps due to compaction
after hurial (Plate &4).

Lithotope 5 consists of a8 structureless, recrystallized
dolomite which contains grains of silica and chlorite.
The dolomite has 8 pitted and etched exterior and abundant
voidg which are infilled with calcite. Lithotope & and 5

prade into each other glong strike,

Palaegenvironmental interpretation of ERZ

The lateral continuity of faclies within ERZ suggests
that palaeoshnre approximated a north south trend during
deposition of ER2. Mapping by Utah Development Company
has demonstrated that a palaenhigh influenced sedimentation
at this stratigraphic level further scuth so it is possible
that deposition of ERZ occcurred 1n a local basin (U.D.C,
Report 308, 1978).

The limited number of facies changes within ER2 prevent
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a Markav chain analysis, However the data suggests that
the following idealized shallowing upward sequence may be

valid (refer to Fig. 3).

The gubtidal zone is represented by Lithotope 1 and
the subaquenusly Formed pari of Lithotope 2. Lithotope 1
formed in @ restricted basinal environment with deposition
oocurring From suspernsion. The wssociation of horizontally
laminated sediments and wave generated ripples suggests
that Lithotope 2 was deposited from suspension, due to

wave processes (Reineck and Singh, 1973).

The intertidal zone is represented, in part, by Litho-
tupe 2 and by Lithotepe 3. The evidence supporting inter-
tidal sedimentatlion lies in the wave ripple marks, which
show multidirectional current dlrections, indicatlve of
very shallow water and Tlat topped ripples indicative of
shallow water and emergence. Emergence is fuvrther indic-
ated hy dessication mudcracks and halite casts. The
assaociation of Flaser and wavy bedding in this lithotope
indigates an alternation of current bedload transport, with
suspension deposition during slackwater periods, typical
of intertidal Flats. Tidal chennels are not recognized
within Lithotope 3. This could be due, however, to the
fine grained nature of the intertidal zone. Tidal channels
are not recognized on the tidal flats of the Dolorado
River Delta as the fine grained sediments cannot maintain
channels. Currents move gver the flats es broad uniform

flows {(Thompson in Ginsberg, Ed., 1975).

Lithotope 4 and 5 and the upper part of Lithotope 3
record the supratidal zone. Desslcation features and the
evidence of evaporite minerals suggests that a gabkha
enviromment is applicable. A modern analogue of marginal
marine evaporite sedimentation is the coastal sabkhas
along the Abu Dhabi coast of the Persian Gulf {Shearman,
1966), Anhydrite forms diagenetically both as a primary
mineral and by altevation of esrlier formed gypsum crystals
(Shearman, 1966; Kendall, 1979). Groundwaters which are

marine derived with subsequent wodification by continental
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sources progressively become more hypersaline due to
evaporation. Disgnlution of earlier formed evaporites
also contribute to the concentration of the brines. As

# result gypsum precipitates within the intertidal sedi-
ments, while anhydrite forms in the capillary zone of the
supratidal sediments above the groundwater table (Evans

et al., 1969). Collapse breccias are also nolted on modern

gabkha environments (James, 1977).

The close association of Lithotope & and 5 suggest that
Lithotope 5 formed as a carbonate mud, which was probably
exposed for long pericds of time alldwing soil forming
processes to act. Freshwater percolating through the mud
would dissgolve carbonate, forming volds and assisting in

recrystallizatian,

The proposed "ideal" geguence follows a carbonate,
shallowing vpward sequence with terrigennus input super-
imposed on it (James, 1977). In a normal seguence, an
algal mat should dominate the intertidal zone (James, 1977).
Algal mat and teepee structures have been noted within
Lithotope 3 but are not comman, so the introduction of
fine grained terrigenovus material onts the intertidal flat
may have suppressed algal development. The Lithotope 2
santsheet probably represents episodic influxes of sand
into the basin, which were confined close to shore as a

result of longshore currents.

The source of dolomite within ERZ2 is open to speculation.
Bathurst (197%) sugeests that groundwaters, which precip=
itate gypsum, benome depleted in calcium, which boosts the
Mg/Ca ratio to a level where it can dolomitize aragonite
geposited on the supratidal zone. Alternatively "primary®
dolemite has been observed in modern environments, often
aggsuciated with sulphates (Von der Borch, 1965a and 1965h),
Dolomite nccurring within ERZ is very fine grained orv
recrystallized, No evidence of pre-existing calcite ghosts
or any obvious indications of late stage secondary dolomite-
ization occur (Sabins, 1962). Conseguently a penecontem~

poraneous or "primary!" formation is preferred although



cannct bhe demonatrated.

Replaced evaporites sre present in the Mt. Norwest
region, witihin Burra Group sediments (Teakle, 1979, pers.
somm, ). However they are not widespread throughout the
Burra Group which supports the propesition that the evap-
orite association within ER2 is a localized occurrence and
that the East Rooks palaecbasin was gulte restricted at

this time.
Formation description of ER3

FR3 formg & wedge ghaped unit varying in thickness from
939, at traverse 5 in the north to 650w at traverse 1 in
the south (Fig. 5). The base af the unit marks a change
from a chemical/terrigenous style of deposition to domine
antly terrigenous, with minor carbonate development.
Moderately rapid latersl fscies changes occur along strike,
which is in contrast to Unit ERZ2., ER3 will he discussed
in terms of two subunitesy ER3.1 and ER3.2 (Fig. 5).

ER3.1 nonsists of fine greined, texiurally mature gand-
stones and subarkoses; green grey, laminated coarse silt-
stones and green to dark grey finely laminated shales as
the dominant lithologies. The sandstones develop borizont-
ally laminated, to wave ripple cross~laminated beds. Bi-
furcatinng aymmetric and asymmetric wave rvipples are common
with interference ripples often ohserved. Flnely laminated
coarse siltes develop a "humnocky® orosselamination (Harms
et @l., 1975) which is attributed teo wave action (De Raaf
et al., 1977). Degsication mudecracks armd ridge casis
forming sinuous Yfigure B8* forms in the troughs of ripple
marked sandstones arg common (Plate 5). In the past these

features have been given the generic name Manchuriophycus

Endo, 1933, However a more realistic intecpretstion is that

they formed due to synagrisis (Plummer and Gosgtin, in prep).

Green %o dark grey carhbonaceous shales are interbedded
throughout the subunlt and increase in freguency and thick-

ness to the south. Clearly this indigates enlarged basinal
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conditions in this direction. The shales of subunit 3.1
are Finely laminated and often show small scale sof b

sediment slumping.

Subordinate in occurrence are continuous, thin beds of
coarse ta Fine greined sublitharenite. These conspicuously
red brown beds contain well rounded and angular dolomicrite
clasts which have been transported From elsewhere in the
hasin, Micvoorystalline guartz grains are also included
in a moderate to poorly sorted array of well rounded quartz
graina, which develop undulose extinction. These dlscon-
tinuous beds thicken abruptly into Jenses which form en
echelon on succesaive stratigrophic levels. The dominant
depusitional feature is an horizontal lamination, developed
by poorly sorted medium to coarse gralns within well sorted
fFirne grains. UWave ripple marks and dessication mudcracks
are developed on top of these beds. Stromatolitic dolomite:
commonly nverlie this lithology with a gradational contact
suggesting that the two formed in closely associated
enviranments., The browny vellow doleomite exhibits black
and red brown chert concretions along the cryptalgal lamin-
ation. IFf stromatolites do not appear, then a well sorted
angd well rounded coarse grained sandstone overlies the
horizontally laminated sublitharenite. This lithology
commanly shows modevately large scale ripple marks with a

wavelength of approximately 0.5m.

Stromatolites also nococur ags igolated pods within fine
grained rippled sendstones. 0On approximately the same
stratigraphic level small lenticular, gand filled channels

are abgserved.

The tominant sedimentary structures and thelir occurrence
are sumnarized on Fig. & . Horizontally laminated sedi-
ments are dominant in the southern and northern portians
of the EH3.1 wunit. Climbing ripples are associated with
horizontally laminated sediments in some outcrops. The
middle of ER3,1 exhibits significantly more wave ripple
cross—lamination and dessication mudeoracks. It is in this

sone that stromatolites and sublitharenite heds are best
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developed.

The dominant cyclity shown in ER3.1 are shallowing up
couplets of horizontally laminated fine feldspathic sand-
stonea passing up into wave rippled sandstones which may
also show mudcrack casts. Coarsening up sequences, fraom
shales to horizontally laminated sandstones are also seen.
Noteworthy are the basal hlack shales of ER3.1 which inter-

finger with sandstones in the south of the area.

Subunit 3.2 1s more homogeneous in grainsize than 3.1
and consists of fine grained well sorted sandstones and
subarkpnses with some interkedded silty shales which in-
crease in number and thickness to the south. Stromatolites
are absent in this unit. The subarkoses contain up to
15% fFeldspar with potagsium feldspar predominant over
plaginclase feldspars. Some specimens show bimodal grain-

gize distribution.

The dominantly horizontally laminated sediments occasion-
ally develap moderately large scale planar and trough cross-
sets which indicate sediment movement from the north.
Shallow water and emergent features such as symmetric
vave riewples and mudcracks are obkserved in ER3.2 but are

not as wide spread as in ER3.1,

Palaenenvironmental interpretation of ER3

The thickening wedge shaped unit and the prograding
nature of the bheds is schematically demonstrated in Fig.
b, The horizontally laminated sublitharenites which
form lens shaped bodles are interpreted as braided channels
due to their lithoclast content and horizontal lamination
indicating upper flow regime conditlions. The increased
frequency of interbedded black shales to the south
indicates wmore offshore basinal conditions in that dir-
ection. Infrequent large gcale cross lamination and
climbing ripple lamination indicates @ southerly offshore

current direction.
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The combinatlon of the shove mentioned Features sugngests

that delta Forming processes deposited Wnit ER3.

The absence of any large accumulations of crossbedded
sands or point bar segquences suggests maior trunk streams
gnd main digtributary channels typleal of most modern
deltaz, were not Featured in the formation of the LR3
delts. McoGowsn {(1971) demonstrated that s=sdiment frans-
port end dispersal on a Fan deltas ocours by sheetflood
and shallow bralded streams, with no maln chennel system

being formed. This wss the probaole mechanism of sedi-

oy

ment dispersasl on the ER3Z delta. The high proportion of
horizoentally laminated ssdiments 1s conglatent with Fan
delts developmaent. This forms by mioration of longltudinal

parvs on the Fan plain and by sheetwash on the distal Fan

Tha thicker lensez of aublitharenite occurring in the
lower parits of ER3, probably developed when the shsllow

nraided stiresme were constrained into channels, after the

water lsvel in the hasin dropped Fallmming a flood.
Stromatolites which form in associstion with these channsls

may have formed in ponds formed after chamnel abandonment.
Carpnnate saturated fresh water would have filled thege

channels, allpwing stramatolites to develanp.

8 o large proportion of structures sesn in DR3 are wave
induczd. Probable offshore bars Tormling &t the base of

FR3 also indicate that weave Iinduced, destructional processe

were astive on parts of the delta. However the Hurra

Group "Sea® at this time was analogous to a shaellow

epeiric se=z, hence wave influence ghould have been minimal,
and thickening towsrds the source should ooccour {(Visher et

al., 1975).

However, & deeppr basin existed to the south as shown

hy the thicker seguences of Dbasinal shales In that
direction. This may have formed locally due to tecionic

ingtabiliiy and block Tauvlting. Tectonlc control of the

¥

b,

is suggested by the "bend® in ER3 which appesars to

.:1
e

basis

5

i
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coincide with Faulting in the middle of ERY and 2. It
also approximately coincides with the beginning of the
hasinal shales which predominate in the south. This
synsedimentary tectonism wounld have caused sufficient
depth of waier to develop, allowing basinward thickening
of sediments. With sufficient depth of water, storm and
wind influenced waves could influence the deltalc sedi-
ments. Wopfner et al., (1970) has discussed tectonically
induced deepening of sedimentary basins and development
of offahore bars in the early Cretaceous epicaontinentsal

SPH.
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CHAPTER 3: UWIDESPREAD PHASE (OF BURRA GROUP BEPOSITION

Formation description of ERG

ER4 attains a thickness of 58m at traverse 5, in the
narth, (Fig. 5) and thickens slightly scuthwards. The
unit defines a prominent valley, which divides the East

Ronks area.

The base of the unit appears to be an erosional contact,
asuggested by the low angle discordance between the bedding
of Unit ER3 and Unit ER4 (Fig. 4).

The dominent lithology is a finely laminated, blue grey

to black carbonaceaus, pyritic shale.

In the lower part of the wunit, a stratigraphically
confined sequence of Interbedded dolomites occur. The
weathered surface is dark erown and is studded with small
euhedral plates of pennine. The dolomite i8 bhlack when
Fresh and in thin section consists of 90% very finely
crystalline dolomite, 7% pennine and 3% carhaonaceous
material. These dolomites form beds and lenticular bodies

and show no internal structure.

Palaeoenvironmental interpretation of ERL

The finely lamlnated hlack shales of ER4 imply suspen-

gsion settling in a reducing environment below wave base.

The dolomites formed in ERG are distinctly different
from other dolemites encountered in the study. As they
ahow no internal structures, in gitu formation is concluded.
They appear to have formed as cancretions within a reducing
hlack shale environment. Weeks (1957) observed cuncretionar
limestones in black shales and suggested that bhssinal muds
are able to create enough local alkalinity to free calcium
carbonate from solutions permeating the muds. The reason

for the high Mqg/Ca ratio sufficient for dolomitization
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remaing a problem. Freidman (1972) reports that high
magnesium calcite is forming in a basinal environment in
the Red Sea due to degradation of sulphates, so the poss-
ibility of a sufficiently high Mp/Ca ratio developing in
a hasinal environment exists, although restricted access

to the open marine environment is reguired.

ERLG represents a sudden redection of sediment supply
inte the basin, with a&n accompanying transgression over
the area, which reworked the top of ER3. Murrell (1977)

reports that this unit is part of a basinwide phenomena.
Formation description aof ERD

FRS attains a thickneass of 150m at traverse 5 (Fig.
5) in the northern part of the area, and gradually
thickerns to the south. The hase of the unii is defined
by an excellent coarsening upward sequence from the hlack

shales of ER4.

Lithologically the base of ERS5 consists of a yellow-
white dominantly fine grained, well soried subarkose.
The dominent sedimentary feature is a heavy mineral defined,
horizontal lamination. Minor small scale cross-lamination
was also obsprved. & gradation occurs into sediments
which can be divided into three lithologies: a sand lithow
tope, a heterclithic lithotope censisting of interbedded

pilts and sands, and a gllt-shale lithotope.

The gand tlthotope is horizontally laminated and wave,
ripple cross-laminated (Plate 6). Channel scours were
nhaerved in some outcrops (Plate 6). The heterolithic
lithotope develeps intercalations of Fine grained, red-
hrown weathering, feldspathic and dolomitic sandstones
and grey to brown finely lamipated silts which tonether
Form flaser and wavy bedding. The thin Intercalations of
aandstone are commonly wave ripple cross-laminated.
Symmetric wave ripples are dominant in ERS however asyin-
metric, interference and flat topped ripples are also

shserved, Ri1l11 marks and possible foam marks are preserved
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in some outcraps.
Palaepenvironmental interpretation of ERS

The well developed coarsening up sequence marking the
transition from ERG to ERS5 implies proygrading gand sheets
into the basin. This cearsening up seguence may indicate
a prograding offghore bar, barrier har shoreface, or
deltaic syastem. Pslaecocurrent indicators are absent, how~
ever the well saorted nature of the sedlments and the heavy
mineral defined horizontal lamination indicates high energy
condltions and rewnrking along a sherefece. However 1t
could not be resolved if the horizontally laminated sedi-
ments were in fact low angle cross-laminated sands Indic-

ative of shoreface environments.

The overlying sequence presents fFining up sequences
which show good evidence of tidal flat development. The
evidence includes (i) flaser, lenticular and wavy bedding,
(ii) abundant wave ripple marks, interference ripple marks
and fFlat topped ripples, (iii) rill marks, possible foam
marks and probable mudcracks indicating subaerial emergence,

and (iv) channel scours .

The scenario for ER5 is one of an initially broad sand
st pek Ll

sheet by wave and current reworking with tidal flat develep-

ment on the edges of the shallow marine basin.,

Formation description of ERG6

£R6 consists of laterally continuous beds of Fine grained

dolomitic subarkoses and sandsfones with grey to black

sandy shales and siltstones. Thisg wunit maintaing a con-
sigtent fthickness of approximately 200m along strike. The
hase of the unit is wmarked by the Firgst brief @ppearance

of dolomite and granule conglomerates, The sandstones are
pyritic, variably dolomite and silica cemented and are
generally meoderately sorted with a weok grading evident in
some nutcrops. They are dominantly horizontally laminated

with minor wave ripple crossg-lamination developing. The
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sihales occurring in ER6G vary from grey to black and arve
very carbonaceous. The beterolithic essociation of sand-
stones and shales typical of ERS5 does not ocour in this
unit. Shales show shrinkage cracks but other features

indicating emergencs are absent.
Palaepenvironmental Interpretation of ERG

The paucity of sedimentary features in Unit ER6 coupled
with the blanket style of sedimentation suggest widespread
wave dominated conditions were operatlve during depositiocn.
Palagoshore cannot be defined. The interbedded sandstones
and shales represent Tluctuating periods of sand deposition
and reworking inte broad sand sheets followed by cessation
of supply, which allowed silis to develop. Lack of assoc-
isted emergent Teatures suggests that shrinkage cracks

ohserved in the shales are tdue to synaeresls.

1% is probable that the Fine grained horizontally lamine-
ated sandstones were deposlted from suspension rather than
from traction currents os cross-lamination is a minor

feature.
Formation description of ERY

FR7 marks a deposttional change in which carhbonates
become important in the system. It has 8 mixed chemical/
terrigenous clastic format with terrigenous clasts pre-

dominating.

The marked cyclicity and rapidity of vertical facies
changes is thp charecteristic feature of ER7. Individual
heds are laterally continuous snd lateral facles changes

are minor. Five lithotopes can be recognized within ER7.

Lithotope 1 is a sandy, magnesite, dolomite mnngiomerate.
Beds are usually less than 1m in thickness. The abundance
aof magnesite and dolomite clasts varies but coarse grained,
well rounded guartz grains are always present. These have

a frosted surface morphology which may be due to diagenetic
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reaction with dolomite. Frosting due fto aenlian processes
is unlikely due tu the coaerse grain aize of the sand.
Magnesite and dolomicrite clasts are well ruounded and
range in size from very coarse sand to granule size. This
lithotope exhiblts planar cross-gets, but more commonly is

featureless in outcrop.

Lithotope 2 congiste of wavy to parallel laminated,
carbonaceous siltstunes and shales. This lithotope has
nenative landacape relief and generally develops thicke

3 5m

5
20N o

nesses of up to
Lithotope 3 is a fine gralined dolomite cemented sand-

gstane which Faorms prominant red brown ridges Sm to 15m

In thickness. They wusually exhibit wave induced ripple

marks snd are parallel laminated.

Lithotope & is = laminated sandy dolomite mudstone,
However thin lenses containing intraclasts of finely
laminated dolomlte mudstone and creamy white magnesite
commonly ococur. Intraformational conplomerates form lenses
within this lithotope (Plate 7). Sand content is varilable
gnd is matrix supported. Dessication mudcracks are evid-
ent but naot widespread. The weathered outecrop is yellow
and is dark grey when fresh due to the content of carbon-

sceous material, Beds are usually 3m to 5m in thickness.

Lithotope 5 is defined by & blue grey biostromal dolomite
which has red and black chert along the cryptalgal lamin-
atlonag. Rare linked columnar stromatolites are developed
in this lithotope. This lithotops is restricted to the

base of ER7 and is not Fregquently developed,.
Palaenenvironmental interpretation of ER7

The rapid vertical faclies changes are characteristic
of shallow water carbonate sequences (James, 1977). The
cyclicity developed gsuggests rapid changes in water level
and sediment supply and possible tectonic influences
(Uppill, 1979). The lateral continuity of individual beds
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and the minor, @long strike Facles changes reflect a low

depositlonal slope (Preiss, 1973).

A suggested shallowlng upward cyele 1s as follows.
Lithotope 1 represents the initial transgression. It
contains well rounded clasts reworked from underlying
intertidal/supratidal sediments. Subsequently carbonaceous
basinal sediments developed represented by Lithotope 2.
This represents the maximum point of the transgression.
Lithotupe 3 represents a wave influenced subtidal sand
sheet. No grosge<lamination is evident in thls lithotope,
hence it is likely that the sand was deposited from BuS-
pension. Lithotope & represents the end of the shallowing
upward cycle., Intertidal mudflats developed marginal to
lagoons in which magnesite and dolomite precipitated.
Emergence and dessicaltion with subsequent erosion results
in intraclasts being formed. Perindic flooding results
in sheet conglomerates forming on the mudflats, which are
now preserved as thin lengses in Lithotope & (Uppill, 1979)
(Plate 7).

The infreguently occurring stromatolites in ER7 rep-

resents a low energy subtidal environment.

A noteworthy feature 1s the ahsence of "primary" mag-
nesite beds which are commaon on the western side of the
Willouran Ranges. Thls is related to the higher energy
conditions prevailing in the northeastern basin during ER7
times as is evident by greater sand input in this area
(Murrell, 1977).

The origin of magnesite and dolomite at this level in
the Burra Greup is discussed by Mureell (1977), and cone
cludes that an evaporitive model involving an imland lake
nr seg, fed by magnesium carbonate bearing continental
water waguld Form dolomite, magnesite and aragonite as

chemical sediments under mvaparitive comnditions.

The carbonatvs of ER7 contrast with those of ER2 'In

that no evidence of sulphates 1s found at this stratigraphic
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level.

Discugsion of palaeohighs

Mapping in this study has demonstrated a disconformity
which exists at the base of ER1, Units ER3, 4 and 5 thin
tn the rorth and everstep cach other in that direction.
ER3 demonstrates a change from basinal conditions in the
south to wmore onshore conditions in the north. Further-
more, to the north of the study area, the Unheratana
Group unconformably overlies the Callana Beds. Clearly
this evidence suggests that Units ER1 to ER7 onlap a
northern palaechigh which defines the northern end of the
East Rooks depogitional basin. Stratigrasphic evidence
suggeats that the palaeohlgh may have been uplified

Callona Beds.

This evidence combined with the regional wmapping by Utah
Develepment Company sugogests that the tast Rooks depusit-
ional basin wag restricted to a long narrow trough until
ERG time when uplands to the west became lnundated by a

more widespread Burra Group "Seal.

With this reglonal constraint a palaeogeographic syn-

thesis can be undertaken.
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CHARTER 4: SUMMARY

Burra Group sedimentation in the study area hegan with an
influx of sediments, probably derived from uplands to the
north and west, which were deposited on distal alluvial
fens or fluvial braid plaing marginal to the restricted

Fast Aooks bhasin.

s the bhasin progressively Filled and shallowed sediment
supply diminished and a tidal Flat environment developed
with a north-~south trending palaeoshore. Pseudomorphs
after possible gypsum, halite and anhydrite indicate the
develonment of a sabkha type environment on the supratidal

ZONEB &

Synsedimentary tectonism subseguently led to deepening
nf the southern part of the basin into which a fan delta
prograded from the north acrouss the study area. Probable
offshore sandbars indicate wave processes were active in

the development of the deltas.

A reduction in sesdiment supply and ceoncomitant transg-
gression led to basinal muds being deposited in & more
widespread phase af Burra Group deposition. Subsequent
to resumption of sediment supply, 2 prograding shoreline
was rewosrked into a broad sandsheet with tidal flat develop-

ment on the esdges of the shallow marine basin.

The overlying interbedded sandstones and shales represent
periodic influxes of sand reworked into broad sandsheets,
and perinds of minimal clastic input during which basinal

muds developed,

The cyolity of sediments, which lnclude dolomite and
magnesite, in the final phase of deposition indicates
rapidly changing water levels under shallow marine condi-

tions,

Stratigraphic thinning and onlap to the north and
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assoctlated facies changes indicate the dominating influence
nf a palaeohigh north of the study area, throughout deposi-

tion of the Burra Group.
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FIGURE 3

"Idealised’ Shallowing Upward Cycle for Unit ER 2
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PLATE 1

(a) Dessication mudcrack casts. The smaller casts
within the larger polygonal casts indicate two

generations of mudcracks.

(b) Heterolithic association of fine grained sub-
arkose and green siltstone forming Flaser,

lenticular and wavy bedding.






PLATE 2

(a) Teepee structures in micritic cryptelgal dolomite

occurring within ERZ2; Lithotope 3.

(b) Halite casts in a very fine grained dolomitic
sandstone within ERZ; Lithotope 3.

(c) Flat-topped ripples within ER2; Lithotope 2.







PLATE 3

(a) Diamond and triangular shaped voids after

possihle gypsum in a very fine grained dolomitic

A

subarkose within ERZ; Lithotope

®

(b) Photomicrograph of lenticular and triangular
shaped pseudomorphs after gypsum. They are ine-
filled with coarsely crystalline dolomite within
a very fine grained dolomitic subarkose. (Width

of phaoto: 8.6mm. Plane polarized light.)
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PLATE &L

(a) Coalesced guartz geodes within laminated dolomite.
These are possible pseudomorphs after anhydrite.
Note that the laminated dolomite is displaced

about the geodes.

(b) Photomicrogreph of & sil
flamboyantly radiating guartz with a finel
Lon

crystallin

3]

guartz core. Tab
which are possible relict anh
included in the radiatil

I
photo: 8.6mm. Plane polarized 1ight.)

(c) Silica nodules which are possibly after anhydrite,
exhibiting a nodular ¥csuliflower® surface mor-

phology. They ocour within a. laminated dolomite.
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PLATE 6

(a) Fining upward sequences within Unit ER5. A
possible channel scour occurs in the left half

3
f the photograph.

a

(b) Uave cross-laminated subarkose within Unit ERS5.
Note the chevron structoure within t

crest (circled).
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APPENDIX 1

THIN SECTIDON DESCRIPTIONS

A representatlive sasmple of thin sections

pxaminerd are described here. Percentage

compositioneg were determined by 10 visual
estimates along 8@ micrometer scale Tor

pach thin section.

Rock names after Folk (1974) are used

where apnlicable,

In specimen numbers, A756 ls the accession
number for the Unlversity of Adalalde Tate
Mussum. The subseggquent letters and numbers

are grid soordinates (Fig. 6).



A756:

A762/D0GS ER1

Medium sandsione: silicified submature kaolinitic subarkose.

Macro: Horizonitally laminated, orvange yellow in outcrop.
Laminaticns weather preferentially to glve a ridged

appearance to the rock. Coarser layers are kaolinitic.

Micro: Horlzontal lamination is defined by grading from
poorly sorted medium send to well sorted fine sand.
Pporly sorted layers exhibit voidas from weathering of
feldspar.

Yo% [uariz. Undulose and stralight extinction. Semi-
composite grains are minor. Subrounded to rounded
graina which have sutured or concavo«gonvex gqrain
boundaries.

7% Orthoclase. Commonly perthitic.

1% Albite, Microcline, Tourmaline.



A756:

A510/C175 ER1

Very fine sandstonre: mature gilicified subarkose.

Macreo: Srown tinged light grey. Homogeneous. Exhibits

rhombic volds after calcite,

Micro: Angular guartz forming a close packed aggregate.
Clots of muscovite and calecite occur. Calcite also appears

interstitially.

80% Quartz. Undulose extinction dominant. Sutured and
concavo-caonvex grain boundasries.

7% Microcline. Crogg hatched twinning.

5% @rthoclmae,

L% Albite.

3% Calclte.

1% Muscavite., Altering from potassium feldspar.



AR756:

NE70/B8070 ERA

Finn

sandstone: silicified mature kaolinltic subarkose.

Macro: Weatered arkose., Parallel leminated.

Micro: Moderately soried grains which are weakly bimodal,

Muscovite grains sparsely disseminated.

.
a5%
9%
5%

1%

Quartz. Stralght and undulogse extincetion.
Orthoclase. Commonly perthitic.
Microcline, Crosshatched twinning.
Albite.



A756: BLEL/EB2LD ERZ

Macro: Quartz geode exhibiting digtinctive cauliflouwer
shape. 1t has a ridged and etched appearance. The geode
ig 1em in diameter. The centre of the gecde exhibits
fine drusy guartz, some calcite and cubes of goethite.

1t is assoclated with yellow Finely crystalline dolomite.

Micro: The centre of the cavity exhibits euhedral growth
of stréight extinguishing gquartz. This grades intn
microcrystalline guartz forming the Yrind” of the neode .
Dalomlte occurs as grains and as small euhedral rhombs
throughout the gquertz mosalc. Hrown red euhedral grains
of goethite ocour around the perimeter of the centre of
the geode. Inclusions of highly birefringent, nossible
relict anhydrite scours within the guartz grains. Minor

muscavite and chiorite occeur within the dolomite.

60% f(uartz. Euhedral and microcrystallline,
35% Dolomite.

5% Goethlite.



A756: B430Q/E320 ER2

Macro: Silica nodule after anhydrite. Has nodular
cauliflower shape. Sillica exhibits cadiating ridges from
the centre of the nodule. The nodule is approximately
Zewm in diameter and develops on the end of 8 lenticular
mags af silica which appears to be coalesced smaller
nodules. Where radiating ridges have nnt developed,
small pridges and holsg are randomly developed., It forms
in association with a yellow finely crystalline delomite.
Dolomite lg ®lsc Included within the silica forming the

nodule.

Micro: Coarse mosaic of atralght extinguishing guartz
which ie inequigranular. This is superimposed by a
coarger ineqguigranular wmosaic of dolomite which is re-
placing some of the guartz as evident by inclusions of
guartz within the dolomite. Dolomite has recrystallized
to a certaln degree ag euvhedral dolomite rhombs occur.
Staining due to carbonaceous material is evident. Minor
chlorite develops within the dolomite. Dnlomite also
appears along grain and subgraln boundaries within the
guartz. Incluglons of highly birefringent anhydrite?

opoecur &5 inclusiong within guartz grains.

60% Quartz. Medium grancblastic texture.
L0% Dolomitz, Varying refractive index causing "twinkling¥
Rhomhohedral cleavage well develsped.

Mingr Chlorite.



AR756

BLBO/E285 ER2

Very fine sandstone: silicified mature dolomitic subarkose.

Macrn: Very fine grained dolomitic sandstone containing
diamond and triangular shaped voids which have no preferred
orientation through the specimen. This occurs in thin
bedded hevizons in association with dolomitic siltstones
and very fine grained sandstones containing pseudomorphs
after hallte.

Micro: Dominantly very fing sand grainsg of aneular quartz
forming a wogalec with anhedral dolomite grains. Orthoclase
microcline and to a lesser extent albite occur througbout.
Scattered with random orientation are diamond and triangular
shaped dolomite pseudomorphs after gypsum. Pseudomorphs

are up to 1%mm in length but commonly are less than 10mm.
They are infllled with an equigranular mogaic of dolomite
prystals. The non druay fabric of the dolomite comprising
the pscudomorphs seems o indicate in gitu rveplacement
rather than scolution of the gypsum followed by dolomite

precipitation into the mold.

72% fuartz. Angular. Very fine sand sized grains.

10% Microcline, Orthoclase. Abundant vacuoles occur in the
orthoclase. Microclineg exhlbits typical crosshatched
tuinning.

15% Dolomite.

% Alblte.

1% Tourmaline.



R756:

R&G30/E320 ER2

Macro: Pink yellow finely crystalline dolomite, containing
small gilica nodules exhibiting “anhydrite® rosettes, which
nccur within a discrete bedding interval, and disrupts the
laminated dolomite bhounding that interval. Volds rimmed
with calcite ocour. Surface features include small plates,
ridges and amall rosettes. Dolomite alaso appears coarsaly

crystelline within fthe 1nterval.

Migro: Mossic of cosrse and Tinegly crystallline dolomite
and quartz. Quartz ocours as euhedral gralng ans as
clyocular clusters, Bome guartz cccurg as flamboyantly
radiating guartz with undulose extinction eminating From
a microcrystalline guartz core. Inclusions of ponagible
anhydrite occur within the cquartz gralns, particularly
in the radiating variety. Minor chlorite occurs within
the dolomite.

LY Ouartz.
55% Dolomite. Microcryatalline and coarsely crystalline.
1% Chlorite.



R

5

G

BheL /EB2LA ERZ

Macro: Whitiah yellow very Fine graimstone exteriar.
Contains subordinate amounts of silica as nodules and
recrystallized sand size grains. This lithology is not
apparently laminated. It weathers to give @ characteristic

irreqular etched surface.

Micro: Dolomite develops an aggregate of very fine sand
to 2ilt size grains. Recrystellization is not evident.
Minor grains of ailt size gquartz ococurs throughout the
aggregate. Minor chlorlte end muscovite occur within the
dolomite suggesting some diagenesis, Silica accumulations
which are roughly circular present undulose extinction and
subgrain boundaries. These contaln abundant inclusions
gome of which @re dolomite. The dominant inclusion s
highly birefringent tabular shaped and is possibly anhydrite.
Minor opagues occour in contrast with the overlying litho-
lagy (BAGL/EB2LA).

90% Dolomite. Posgaibly detrital as no recrystallizatlon
ig wmvident.
9% Quartz. Undulogse extinction.

1% Opagues, Chlorlte, Muscovite.



G464 /EB24LD ERZ

Macro: Grey hrown laminated medium crystalline dolomite.
Exhibits a "sandy" exterior due to weathering. Tt is
aluasye assonciated wlth lentlcules and nodules of silica.
Quartz geodes with druay gquartz infills are typically

developed in this lithology.

Micro: Fine to medium crystalline dolomite forming &
subhedral mosalc. Mare scosrsely crystalllne dolomite
cococurs, poasibly infllling voids. Edhedral grains of
pyrite and limonite after pyrite and the carbonaceous
material give the dark colour to this speclmen. A certaln
amount of dolomite recrystallization hes occurred a&s 1s
pvident by esuhedral rhombic crystals. Highly birefringent
tabular inclusions ogcur throughout the silica and are
possibly anhydrite. lLathes of low birefringent chlorite

oocur withln the dolomite.

85% Dnlomite. Finely ecrystalline to medium crystalline.
10% Quartz, A mosalic with 1ildefined graln boundaries.
4% Opagues. Euhedral pyrite gralng and diffuse
carbonsceous maierial.
1% Chlorite.



A756: BY05/0360 ER3.1

Very fine sandstone: silicepus mature subarkose.

Macro: Irregular wavy fine laminae. Green grey in out-

crop. Low relief in the landscape.

Micro: Very fipne graing of angular guartz and feldspar
forming a well snried aggregate, with Ystylolitlc" traces
of muscovite defining the lamination. Muscovite slso

appears disseminated through the thin sectlon.

A5% fJuartz. Undulose extinction.
5% Orthoclase.
5% Muscovite.

3% Albitfe.

2% Opaques. Limonite staining dispersed through the

slide.



A756

B785 /0630 FR3, 1

Very coarse sandstong: dolomite and silicified mature

suhlitharenite.

Maprao: Forms bold red outcrop. Graded beds are a domin-
ant Feature and are differentiated by alternations of

silicified and less silicifiled layers.

Micro: HWell rounded Qraing nf guartz and dolomite litho-
clasts form a porous assemhlage with the cement being
authigenic guartz with dolesparite replacing the quartz
tn varying degress. Minor graing of well rounded microe

crystalline guartz also appear.

79% Quartz. Compoaite gralns.
10% Dplomicrite.
2% Feldspar,

9% Silica and dolosparite cement.



A7S6: £190/8925 ER3.2

1. Fine sandstone: siliceous bimodal mature feldspathic
guartz arenite.

2, Siltstone: calocareous gubmature micaceous subarkose.

Macro: At outcrop scele, the planar cross lamlinated
gandstone exhibits losd structures into the underlying

hrown, {ine siltstone which is featureless.

1. Micro: Exhibits bimodal grainsize distributlon.
Coarse well rounded grains "Float!® within fine sand slze
grains. Authigenic overgrowths ccour on the goarser

grains. Feldspar greing are subrounded.

91% Quartz.

9% Microcline.
2, Micro: Consigts of fine to comrse silt size particles
pf quartz and ivon stalped calcite. Minor grains of
muscovite ocour throughout. Accessary opagques are dissem-

inated throughout.

53% Quartz. Undulose extinction.

372% Calcite. Grains are very fine to cparse sllt size,
Some greins have euhedral form and have lron stalned
cares.,

9% Opagues.
6% Alkali Feldspar. Very Tine grained.



R756:

£275/0250 ERG

Very finely crystalline carbonaceous dolomrite

Macro: This forms lenticulsr shaped chocolate brown
weathering dolomite in vutcrep, Euhedrsl black chlorite
flakes are scattered over the weathered surface and is

structurally featureless.

Micro: Very finely crystalline deolomite with carbonaceous
meterial dispersed throughout. Lathes of chlorite randomly

griented throughout.

91% Dnlomite.
7% Chlorite. FPenntne.

7% Csrhonsceocus material.



R756:

LEBL/BT760 ERG

Fine sdndstone: silicifisd mature subarkose.

Macro: White, fine prained, exhibiting parallel lamination
which is partially defined by heavy minerals. Jom layer
of medium to coarse poorly sorted feldspathic sandstone

pccurg withln the apecimen.

Minro: 4ell sorted wmepaleo of anhedreal guartz and feldspar.
Carbonacesus material is dispersed throughout in minor
amounts. Coarser layer is poorly sorted and weakly bimodal.
Tourmaline and zircon are the heavy minerals present.

Minute geaing of rutile are alsu noted.

05% Quartz. Angular fine grains. Coarse grainsg are
subangular to subrounded end have undulose extinction.

10% Alkali Feldapar. Dominantly orthoclase and lesser
microcling. Microcline le perthitie.

4% flbite. Commenly has inrclusions of sericlte due to
alteration.

19 Chlorits and Muscovite, Tourmeline Zircon and Rutile.
14 b



R756:

C785/8775 ERS

Very fine sandstone: silicified mature dolomitic subarkose.

Macro: Red, fine greined sandstone.

Micro: An aggregate of well sorted, very fine grained

sand aize graing of guartz end feldspar. Anbedral dolomlite
also contributes to the mosaic. Tourmaline and sphene
ocour. Minor amounts of muscovite dispersed throughout.

Albite occurs, containing alteration sericite blebs.

76% Quartz. Very fine grained, angular to subangular.
15% Dolomite. Medlum crystalline gralns, subhedral to
anr;edrala
4% Orthoclase. Contalns abundant vacueles. Subhedral
to euhedral grains.
3% Albite. DOlebs of sericite within the grains.
1% Tourmaline. OBreen pleochrolc.

1% Muscovite and Sphene.



R756

£605/0805A ERG

Fine sandstaone: siliceous mature dolomitlc subarkose.

Macro: Grey siliceous, slightly dolomitic and 18 horizont-

ally laminated to featureless in outcrop.

Micro: Moderately sorted and weak greding evident. Grains
are angular to subangular. Oolomite appears as intere
gtitial cement. A possible doloclast occurs within the
thin section., Eubedral pyrite wccurs throughout as does
graphitic material. Minor low birefringent chlorite

agceurs assgoclated with the carbonate.

79% Quartz. Sutured and concavoconvex gralm boundaries.
Graing exhibit undulose and straight extinction.
10% Dolomite. Medium crystalline.

5% Microcline and Orthoclase. Microcline exhibits well
developed crosghatched twinning, and is the dominant
alkali feldspar. Grains are anhedral.

3% Albite and untwlnned Plagloclase. Commonly shows
minute sericite blebs due to alteration.

3% Opaques. Euhedral authigenic pyrite and carbonaceous

material,



A756: CE05/08058 ERB

Sandy silt~shale: silicified immature subarkose.

Macro: Grey black featureless to fimely laminated shale.

Exhibits shrinkage cracks.

Micro: Fine sand to silt size guartz enveloped hy sericite.

Euhedral pyrite gralng sparsely scattered throughout.

62% fuartz. Dominantly silt sized, angular.
30% Sericite.

7% Alkali Feldspar.

1% Opagues.

1% Albite.



AT756: C420/FL90 ER7

Sandy magnegite dolomite conglomerate.

Macro: Rounded graing of quartz and clasts of dolomite
and magnesite forming a grain supported conglomerate. The
outcrop weathers dark grey to brown with coarse grains of
well rounded guartz on the surface, which have a frosted

appearance.

Micro: Rounded dolomicrite clasts with fine sericite
flakes dispersed in the clasts. Magneaite clasts are
rounded. They occur within a sparry dolomite cement.
Quartz grains are generally equant and well rounded.
Carbonate clasts are very coarse sand size while quartz

is coarse sand size.

35% Dolomicrite. Carbonaceous.
30% Magnesite.
25% Quartz.

10% Dolomite. Cement.



A756:

C470/F610 ER7

Fine sandstone: dolomitic submature quartz arenite.

Macro: Dark grey with black smecks. Minor limonite after

pyrite.

Micro: Fine to very fine sand size grains which are

moderately sorted within a dolomite cement.

75% Quartz., Generally subsngular with straight to slightly
undulose extinction.
19% Dolomite. Occurs as detrital grains and as inter-
stitial cement.
6% Opaques. Limonite after pyrite.
1% Albite, Chlorite.



APPENDIX 2

VERTICAL PROFILE ANALYSIG.

This study utilized a vertical profile analysls method
inspired hy Lombard (1972) which i used as an exploration

tool by dtah Development Company.

Method: A "leocal®Standard SequenceY ig constructed
for the area. This is 8 general list of rock types which
gover those encountered in the study area. These are
listed in deecreasging order of grainsize and are assigned
nuﬁbera accordingly. When logging sedimentological data
on a vertical profile, gach rock type is asaigned @
Lombard number., Sedimentological data is plotted on a
Previsionelle Coupe and Lomberd numbers are plotted to
form a Lombard Curve. Together this forns a Previsionelle
Diagram. Similarly a8 standard set of enviranments of dep-
nsition can be determined, with gach rock type assigned
to & depasitional environment number. Consequently an
enviraonment curve can be derlved as an additional para-

meter.

Lombard Curves are a method of identifying sedimentary
cyclicity from perspective of the energy that prevailed
when the depogitional units were being formed. The energy

curve is quantified by the granulometry of the sediments.

Constructinon of a Lombard Curve Ffor a given vertical
sequence aids in recegnition of palagoenergy domains,
which in turn alds subelasgsification of sedimentary environ-
ments. Tt also gives an additional parameter in recognizing
sedimentary cyelicity., This curve also lends 1ltself to

mathematical processing.



FIG. 4 Detailed structure of stratigraphic Unit ER3
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