




ABSTRACT 

Detailed stratigrspl11c moppi11g or,d focies analyslo in 

th1: Esst R□□ks area lies revealed 7 stratigraphic units 

representing distinct depositional events. These 7 units, 

designated ER1 (East Rooks) to ER7, reflect broad environ­

mental changes indicated by lithology, sedimentary struc­

tures ar1d energy regi1nesQ 

Early environments include locally developed distal 

alluvial fans and fluvial braid plains, marginal marine 

sabkhas and wave influenced fan deltas, The subsequent 

widespread phase of deposition occurred in marine to 

marginal marine environments. 

This study has st1owr1 that Burra Group sedimentation 

waa influenced by a palooohigh to the north, thought to 

be an area of uplifted Callanna Beds. 





















shales arid muscovite rich stJbarlcoses a1·e also present 

within ER1. 

A. 

The unit exhibits a blanket style of sedimentation, 

lligl1 flow regime conditions, reflected by horizontally 

laminated sediments dominate the unit. n possible parting 

lineation is also noted in some outcrops. Simple graded 

bedding, indicating decreasing current flow and competency 

is commonly associated with the lominated sediments 

(Reineck and Singh, 1973). 

Lower flaw regime features� which are less common, 

include pl.anar and trougt, croas-sets� Isolated trough 

crass-sets occur, which ore usually 10cm to 20cm in sot 

thickness. They indicate e current direction to the 

soutl1 and southeast. 

Beds rarely attain a thickness of over a few metres 

but may only be differentiated by thin layers of fine sand 

end silt which commonly show dessication features. 

Superimpoosd on this sedimentary pattern are minor, 

l1eterollthic,fining upward associations of fine grained 

subarkoses, and green ailtstones and shalee, which together 

develop flaser, lenticular end wavy bedding (Plate 1). 

Bifurcating ripple marks which show e form discordo11t 

cross la1ninatj.on are comn1on in tl1is interval and are wave 

induced (Reineck and Singh, 1973; De Reef et al., 1977). 

Symmetric ripple forms ere more frequently observed than 

either the comn1only occurring flat topped ripples, or 

rarely occurri11g interference ripplee. 

Emergence and arid bonditluns sre indicated by dessica­

tion mudcrack casts, which often shuw two generations of 

dessication (Plate 1) end by pscudomorphs of halite and 

possible gyrisum. 

2.3 Palasoenvironmentsl interpretation of ER1 

The dominant high energy theme of ER1, c□u1Jled with the 
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high birefringence, moderate relief and orthorhombic form 

ore noted. These are possibly relict anhydrite inclusions. 

The quartz geodes have a drusy quartz infilling, which 

grades out into microcrystalline quartz forming the "rind'' 

of the nod11le. Relict anhydrite is trapped as inclusions 

within the microcrystslline quartz "rind''· Anhydrite 

characterist\call v fo1·rns as r1odulPs, consistl11g of un­

ce,nented crystal aggregates in which growth is maintained 

by the development of new crystals within tha framework 

of earlier onns (Shearman, 1966). Gruwth ie ''explosive" 

and complex nodules Form, exhibiting surface morphologies 

similar to those observed in the quartz geodes and nodules 

(Chowns and Elkins, 1974; Shearman, 19GG) (Plate �). 

Disruption of the laminated host carbonate and the lock 

of occluded grains of carbonate in the quartz suggests that 

the original crystals were displacive hence formed after 

sedimentation (Tucker, 1976b). Silica nodules appear on 

their own or concentrated as beds and laminae. The quartz 

qeodes often appear coalesced and distorted, possibly due 

to explosive growth and subsequent interference with 

adjacent anhydrite nodules, or perhaps due to con,paction 

ofter burial (Plate 4). 

Lith□tope 5 consists of a structureless, recryotallized 

dDlDmitl" wllich contains grai.m1 of silica and chlorite. 

The dolomite has a pitted and etched exterior and ab1,ndant 

void□ which are infilled witl1 calcite. Lithotope 4 and 5 

gr'□cle into Each othc?r alDr1q strikE�I> 

2�5 Palsc□er1vir□nrnental in·terpretatinn of ER2 

The lateral continuity of focies withln ER2 suggests 

that paloeo,.ihorn approximated a north south tre11d during 

den□sition of [112. M3pping by Utah Development Company 

has dem□nstr□ted that a palaeohigh influenced eedimentetion 

at this stratigrnphic level further south so it is possible 

that deposition of ER2 occurred in a local basin (LJ.D.C. 

Report 30H, 1978). 

The limited number of facies changes within ER2 prevent 





sources progressively becomo more hypersaline due to 

evaporation. Dissolution of earlier formed evoporites 

also contribute to the concentration of the brines. As 

□ result gypsum precipitates within the intertidal sedi­

ments, wt1ile anhydrite forms in the capillary zone of the 

supratidal sediments above the groundwater table (Evans 

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

sabkha environment,1 (James, '1977). 

The close association of Lithotope 4 and 5 suggest that 

Lithot□pe 5 formed ao a carbonate mud, which was probably 

exposed for long periods of time allowing soil forming 

proceeeaa to act. Freshwater percolating through the mud 

would dissolve carbonate, forming voids and assisting in 

recrystallization. 

The proposed ''ideal• sequence follows a carbonate, 

shallowing upward sequence with terr·igenous input super­

impoBed on it (James, 1977). Tn a normal sequence, an 

algal mat should dominate the intertidal zone (James, 1977). 

Algal mat and teepee structures have been noted within 

Lithotope 3 but are not common, so the introduction of 

fine grained terrigenous material onto the intertidal flat 

m□y have suppressed algal development. The Lithotope 2 

aondsheet probably represents episodic influxes of sand 

i11to the basin, which were confined close to shore as a 

result of longsh□re currents. 

The source of dolomite within ER2 is open to speculation. 

Bathurst (1975) suggests that groundwaters, which precip­

itate gypsun1, become depleted in calcium, which boosts the 

Mg/Co ratio to a level where it can dolomitize aragonite 

deposited on the suprotidal zone. Alternatively •primary'' 

dolomite has been observed in modern environments, often 

associated with sulphates (Von der B□rch, 1965a and 1965b). 

Dolomite occurring within ER2 is very fine grained or 

recrystallized. No evidence of pre-axistin □ calcite ghosts 

□r any obvious indications of late stage secondary dolomit­

ization occur (Sabins, 1962). Consequently o penec□ntem­

p□raneous or •primary'' formation ls preferred although 
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developed. 

The dominant cyclity shown in ER3.1 are shallowing up 

couplets of horizontally laminated fine feldspathic sand­

stones passing up into wave rippled sandstones which may 

also show mudcrack casts. Coarsening LJp sequences, from 

shales to horizontally laminated sandstones are also seen. 

Noteworthy are the basal black shales of ER3.1 which inter­

finger with sandstones in the south of the area. 

Subunit 3.2 ls more homogeneous in grainsize than 3.1 

and consist□ of fine grained well sorted sandstones and 

subarkoses with some interbedded silty shales which in-

crease in number and thickness to the south. Stromat□lites 

are absent in this unit. The subarkoses contain up to 

15% feldspar with potassium feldspar predominant over 

plagioclase feldspars. 

size distribution. 

Some specimens show bimodal grain-

The dominantly horizontally laminated sediments nccasion­

olly develop moderately large scale planar and trough cross­

sets which indicate sediment movement from the north. 

Shallow water and emergent featuren such as symmetric 

wave ripples and mudcracks are observed in ER3.2 hut are 

not BG wide spread as in ER3.1. 

2.7 Palaeoe11vir□nmental ir1terpr□tation of ER3 

The tl1ickening wedge shap�d unit and the prograding 

nature of the beds is ochemotically demor1strated in Fig. 

4. The horizontally laminated sublitherenites which

form lens shaped bodies are interpreted as braided channels 

due to their lithoclast content and horizontal lamination 

indicating upp�r flow regime conditions. The increased 

frequency of interbedded black shales to the south 

indicates more offshore basinal conditions in that dir-

action. Infrequent large scale cross lamination and 

climbing ripple lamination indicates a southerly offshore 

current direction. 





19. 

coincide with Faulting in the middle of ER1 end 2. It 

also approximatslv coincides with the hoginning of the 

bosinal shales wl1ich predominate in the south. This 

syr1seditr1rar1tary tectonism wotJld have catJsed sufficient 

depth nf water to develop, allowing basinward thickening 

nf sediments. With sufficient depth □f water, storm and 

wind influenced wavns could influence the deltaic sedi­

ments. Wopfner et al. (1970) has discussed toctonicallv 

induced deepening of sedimentary basina and develop1nent 

of offshore bars in the early Cretaceous epicontinental 

sea. 
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CHAl0 TER J: ltJID[SPREAD PHAS[ nr l"lllmHi GROUP DEPOSIT ION 

3.1 Formation description of ER4 

ER4 attains a thickness of 58m at traverse 5, in the 

north, (Fig. 5) ond thickens slightly southwards. The 

unit deflnee a prominent valley, which divides the East 

Rooks area. 

The base of the unit appears to be an erosional contact, 

suggested by the low angle discordance between the bedding 

of Unit ER3 and Unit ER4 (Fig. 4). 

The dominent lithology i□ a finely laminated, blue grey 

to black carbonaceous, pyritic shale. 

In the lower part of the unit, a stratigraphically 

confined sequence of interbedded dolomites occur. The 

weathered surface is dark brown ond is studded with small 

euhectral plates of pennine. The dolomite is black when 

Fresh and in thin section consists of 90% very finely 

crystalline dolomite, 7% pennine and 3% carbonaceous 

material. These dolomites form beds and lenticular bodies 

and show no internal structure. 

3.2 Palaeoenvironmental lnterpret□tion of ER4 

The finely lominated black shales of ER4 imply suspen­

sion settling in a reducing environment below wave base. 

The dolomites formed in ER4 are distinctly different 

from other dolomites encountered in the study. As they 

show no internal structures, in eitu formation is concluded. 

They appear to hove formed □s concretions within a reducing 

black shale environment. Weeks (1957) 'observed c□ncretionar\ 

limestones i.n black shah,s and sugg,?Dted that basinal rnuds 

are ahle to create enough local alkalinity to free calcium 

carbonate From solutions permeating the muds. The reason 

for the high Mg/Ca ratio sufficient for dolamitization 





in s□rne outcrops. 

3.4 ralaeoenvironmental interpretation of ER5 

Tl1e well developed coarsening up sequence marking the 

transition from ER4 to ER5 implies pr □ grading sand sheets 

into the basin. This coarsening up sequence may indicate 

a prograding offshore bar, barrier bar shoreface, or 

deltaic system. Pelaeocurrent indicators are absent, how­

ever the well sorted r1ature of the sediments and the heavy 

mineral defined horizontal lamination indicates high energy 

conditions and reworking along a shoreface. However it 

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 fining 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 flat 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 
':.d�i\1.,I;- \;t:,

sheet .�y wave 011d current reworking with tidal flat develop-

ment on the edges of the shallow marine basin. 

3.5 Formation description of ERG 

ERG consists of laterally continuous beds of fine grained 

dolomitic subarkoses and sandstones with grey to black 

sandy shales and siltstones. This unit maintains a con­

sistent thickness of approximately 200m along strike. The 

base of the unit is marked by the first brief appearance 

of dolomite and granule conglomerates. The sandstones are 

pyritlc, variably dolomite and silica cemented and are 

generally moderately sorted wlth a weak grading evident in 

son10 outcrops. They are dominantly horizontally laminated 

with minor wave ripple cross-lamination developing. The 





24. 

reaction with dolomite. Frosting due to oeollsn processes 

is unlikely due to the coarse grain size of the sand. 

Magnesite and dolomicrlte clasts are well rounded and 

range in size from very coarse sand to granule size. This 

litl1otope exhibits planar cross-sets, but more commor,ly ls 

featureless in outcrop. 

Lithotope 2 consiata of wavy to parallel laminated, 

carbonaceous eiltstones and shales. This lithotope has 

negative landscape rslief and generally develops thick­

nesses of up to 5rno 

Lith□tope 3 is a fine grained dolomite cemented sand­

stone 1dhich forms prominent red brown ridges 5m tu 15m 

in thickness. They usually exhibit wave induced ripple 

marks and are parallel laminated. 

Llthot□pe 4 is a lominoted sandy dolomite mudstone. 

However thin lenses containing intraclasts of finely 

laminated dolomite mudstune and creamy white magnesite 

commonly occur. Intraformational conglomerates form lenses 

within this lithotope (Plate 7). Sand content is variable 

and is matrix supported. Dessication mudcracks are evid-

ent but not widespread. The weathered □L1tcrop is yellow 

snd is dark grey wt1er1 fresh due to the content of carbon­

aceous material. Beds are usually 3m to 5m in thickness. 

Lithotope 5 is defined by a blue grey biostromal dolomite 

which has red and block chert along the cryptelgal lamin­

ations. Rare linked colun1nar stromatolites are developed 

in this litl1otope. Thls lithotope is restricted to tl1e 

bose of ER? and is not frequently developed. 

3.8 Palaeoenvironmentsl interpretation of ER7 

The renid vertical Fecies changes are characteristic 

of shallow water carbonate sequences (James, 1977). The 

cyclicity developed suggests rapid changes in water level 

and sediment supply and possible tectonic influences 

(Uppill, 1979). The lateral continuity of individual beds 
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ond the minor, along strike facies changes reflect a low 

depositional slope (Preiss, 1973). 

A suggested shallowing upward cycle ls as follows. 

Lithotope 1 represents the initial transgression. It 

contains well rounded clasts reworked from underlying 

intertidal/supratidal sediments. Subsequently carbonaceous 

basinal sedi1nents developed represented by Lithotope 2. 

This represents the maximum point of the transgression. 

Lithotope 3 represents a wave influenced subtidal sand 

sheet. No prose-lamination is evident in this lithotope, 

hence it ie likely that the sand was deposited from sus­

pension. Lithotope 4 represents the and of the shallowing 

upward cycle. Intertidal mt1dflats developed marginal to 

lagoons in which maanesite and dolomite precipitated. 

En1ergence arid d □ ssication tJith sL1bsequent erosion rest1lts 

in intraclasts being formed. Periodic flooding results 

111 sheet conglomerates forming on the mudflats, which are 

now preserved as tt,in lenses in Llthotope 4 (Uppill, 1979) 

(Plate 7). 

The infrequently occurring stromatolites in ER? rep­

resents a low energy BtJbtidal environment� 

A noteworthy feature le the absence of ''primary• mag­

nesite beds which are common on the western side of the 

Willouran Ranges. This is related to the higher energy 

conditions prevailing in the n□rtheastern basin during ER? 

times as is evident by oreater sand input in this area 

(Murrell, 1977). 

The oriqin of magnesite end dolomite et this level in 

the Borra Group is discussed by Murrell (1977), and con­

cludes that en everoritlve n1□del involving an i�land lake 

or se2
1 

feci by magnesit1m carl1011ate bQBI'inq continental 

water would fc1rm dolomite
1 

rnagnesite and aragonite as 

chemical sediments under evaporitive conditions. 

The carbonates of ER? contrast with those of ER2 in 

that no evidence of sulphates is found at this stratigraphic 
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level. 

3,9 Discusston of palaeohighs 

Mopping in this study has demonstrated a disc□nformity 

which exists at the base of ER1, Units ER3, 4 and 5 thin 

t□ the north and overstep eacl1 other in that direction. 

ER3 demonstrotes a change from beeinal conditions in tho 

south to 1nore onshore conditions in the north. Further­

more, to the north of the study area, the Umberatana 

Group unconformably overlies the Callana Beds. Clearly 

this evidence suggests that Units ER1 to ER? □nlap a 

northern palaoohlgh which defines the northern end of the 

Eaat Rooks depositi□oal basin. Stratigraphic evidence 

suggests tl1st the pslaeohigh may have been uplifted 

Callan□ Beds. 

This evidence combined with the regional mapping by Utah 

Development Company suggests that the East Rooks deposit­

iooal basir1 was restricted to a long narrow trough until 

ER� time when uplands to the west became inundated by a 

more widespread Burra Group ''Sea''� 

With this regional constraint a palaeogeographic syn­

thesis can ha undertaken. 
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A75G: A510/C175 ER1 

Very fine sandstone: mature silicified subarkose. 

Macro: Brown tinged light grey. Homogeneous. Exhibits 

rhombic voids after calcite. 

Micro: Angular quartz forming a close packed aggregate. 

Clots of muscovite and calcite occur. Calcite also appears 

interstitie.lly. 

BO% Quartz. Unduloee extinction dominant. Sutured and 

concavo-convex grain boundBrieti. 

7% Microcli .ne. Crose hatched twinning. 

5% Orthoc.lase. 

4% Albite. 

3% Calcite. 

1% Muncovite. Altering from potassium feldspar. 







A75G: B430/E320 ER2 

Macro: Silica nodule after anhydrite. Has nodular 

cauliflower shape. Silica exhibits radiating ridges· from 

the centre of the nodule. The nodule is approximately 

2cm in diameter and develops on the end of a lenticular 

masa of silica which appears to be coalesced smaller 

nodules. Wl1ere radiating ridges have not developed, 

small ridges and l1oles are randomly developed. It forn1s 

in association with a yellow finely crystalline dolomite. 

Dolomite is also included within the silica forming the 

nodule. 

Micro: Coarse mosaic of straight extinguishing quartz 

which is inequigr□nular. This is superimposed by a 

coarser inequigranular mosaic of dolomite which is re­

placing some of the quartz as evident by inclusions of 

quartz within the dolomite. Dolomite has recrystallized 

to a certain degree as euhedral dolomite rhombs occur. 

Staining due to carbonaceous material is evident. Minor 

chlorite develops within the dolomite. Dolomite also 

appears along grain and eubgrain boundaries within the 

quartz. Inclusions of t,ighly birefringent anhydrite? 

occur as inclusions within qt1artz grains� 

50% Quartz. Medium granobloatic texture. 

4 □% Dolomite. Varying roFractive index causing ''twinklingl 

Rl1ombohedrnl Gleovage well developed. 

Minar Chlorite. 



A756: B480/[285 ER2 

Very fine sandstone: silicified mature dolomitic subark□se, 

Macro: Very fine grained dolomitic sandstone containing 

diamond and triangular shaped voids which have no preferred 

orientation through the specimen. This occurs in thin 

bedded horizons in association with dolomitic siltstones 

and very fine grained sandstones containing pseudomorphs 

after halite. 

Micro: Dominantly very fine sand grains of angular quartz 

forming a mosaic with anhedral dolomite grains. Orthoclase 

microcline and to a lesser extent albite occur throughout. 

Scattered with rar1dom orientation ere diamond and triangular 

shaped dolomite pseudomurphs after gypsum. Pseudomorphs 

are up to 15mm in length but commonly are less than 10mm. 

They are infilled with nn equlgranular mosaic of dolomite 

crystals. The nan drusy fabrlc of the dolomite comprising 

the �1seudomorphs seems to indicate in situ replacement 

rather than solution of the gypsum followed by dolomite 

precipitation into tl1e mold. 

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

10% Micr□cline, Drthoclase. Abundant vacuoles occur in the 

orthoclase. Mlcr□cline exhibits typical crosshatched 

twinning. 

15% Dolomite. 

2% Albite. 

1% Tourmaline. 





















A75G: C605/DB □ 5A ER5 

Fine sandstone: siliceous mature dolomitic subarkose. 

Macro: Grey siliceous, slightly dolomitic and is horizont­

ally laminated to featureless in outcrop. 

Micro: Moderately sorted and weak grading evident. Grains 

ore angular to oubangular. Dolomite appears as inter­

stitial cement. A possible doloclast occurs within the 

thin section, Euhedral pyrite occurs throughout as does 

graphitic material. Minor low birefringent chlorite 

occurs associated with the carbonate. 

79% Quartz. Sutured and concavoconvex grain boundaries. 

Grains exhibit undulose and straight extinction. 

10% Dolomite. Medium crystalline. 

5% Microcline and Orthoclase. Microcline exhibits well 

developed crosshatched twinning, and is the dominant 

alkali feldspar. Grains are anhedral. 

3% Albite and untwlnned Plagloclaee. Commonly shows 

minute sericlts blabs due to alteration. 

3% Opaques. Euhedral authigenic pyrite and carbonaceous 

material. 





A756: C420/F490 ER7 

Sandy maqnesi te dolomi t8 -�o!_l_glornerate,.

Macro: Rounded groins of quartz and □lasts of dolomite 

and magnesite forming a grain supported conglomerate. The 

outcrop weathers dark grey to brown with coarse grains of 

well rounded quartz on the surface, which have a frosted 

appearance. 

Micro: Rounded dolomicrite clasts with fine sericite 

flakes dispersed in the clasts. Magnesite clasts aro 

rounded. They occur within a sparry dolomite cement. 

Quartz grains are generally equant and well rounded. 

Carbonate cleats are very coarse sand size while quartz 

is coarse sand size. 

35% Dol□micrite. Carbonaceous. 

3D% Magnesite. 

25% Quartz. 

10% Dolomite. Cement. 



A756: C470/F610 ER? 

Fin!a..,_:;"!.!3ndstone: dolomitic submature quartz aI'eni te. 

Macro: Dark grey with black specks. Minor limonite after 

pyrite. 

Micro: Fine to very fine sand size grains which are 

moderately sorted within a dolomite cement. 

75% Quartz. Generally subangular with straight to slightly 

undulose extinction. 

19% Dolomite. Occurs as detrital grains and as inter­

stitial cement. 

6% Opaques. Lim□nite after pyrite. 

1% Albite, Chlorito. 
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