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ABSTRACl

In the Permian Patchawarra Pormation of bhe lirrawarra

Pield eedimentary patt,srna exposed in core and interpreted

from geophyslcal loga ar€ recognlsed by the writer and

previoua workers to have modern analoguea. thue, for

example, point bar s€qu€nc€a and lag gravele are

idenbified. It is kno¡rn bhat the modern deposition rates of

such gbructuree are quite rapid. Horever leee than 12OO

feet of Patchanarra Formation eubcrope in the Tirrawarra

Fie1d and Ëhis raa depoaited ov€r some 10 mlllion yeara.

Therefore considerable reworking of material must have

occurred, partlcularly in view of the low gradient of the

land surface at the time. Reworking of modern eediments ie

difficult bo recogniee in the field and ao is not often

considered in the interpr€tatlon of ancient sedimenbary

sectione.

It is envieaged t,hab meandering etreams enfering from

the norbh, croeeed and recroesed the Tirrawarra etructure,

depoeiting, erodlng, transporting and then redepoaitlng the

sedimenta. Stacked point bar deposlta occur on the high

spots of the Tirrawarra anticline rhere sbructural growth

( a slower rate of eubsidence ) has taken place. Sand

percentagee ar€ found, ln most ca8€8' bo be influenoed by

strucbure but elsewh€re may reflect ehore Iine patt€rna and

preferential etream dlrection. In the latter two caaes

there are potential €xploratlon targets outeide the field

aroa. High Poroaities oocur in Eome low aand peroentage



areaa, and this too is of economic interest. Future work on

the field might involve poro6iby inv€atlgation in the lower

partg of the Patchawarra Formation.
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CIIAPTER 1 I NlRODUClI ON

1.1 Alm

The aim of this study is to investigate the eedimentary

history of the Pabchawarra Formatlon in the Tirrawarra

Field of the Cooper Basin. Core loge ar€ correlated with

geophysical logs to determine parameters used to define

different types of sedimentary rocks in wells rdhere no core

haa been taken. Cores and well

order to

deposition.

Pa t chawa rra

units, each

field wlde

build

On

up

bhe

a scenarlo

I ogs

of

and

are then examined in

the environmente of

well log patterna thebasis of core

Formation is subdivided into Lithological

analysed qualitatively and quantitatively on a

bae i s.

From this analysis the structural and depoeitiona'l

hietory of the field is determined, wi th the aid of

structural mapa prepared from well and eeiemic data.

Sandstone poroalties ar€ inveatigated and, where

possi ble, correlated wi bh depoai tional and gtructural

t re nde.

The taek is to predict depoaitional and poroaity trende

off the Tirra¡rarra etructure, ¡rhere no ¡rell data are

avaitabl.e. Hopefully thie ¡rill aid future exploratlon and

development of the eouthern Cooper Baein ln general and the

Tirrawarra Pield in particular.

I



1,2 CooPer Ba¡ln

The cooper Basln ia a Permo-lriassic infrabasin of the

Eromanga Baeln located tn the norbheaet corner of South

Australi a and the southweat corner of Queensland

(Figure 1). It iE oriented northeagt and has an area of

about 12? oOO aquare kilometrec. The sedimenbs of the

cooper Baein unconformably overlie cryataLline basement or

earlier PalaeozoiC Basins, and in bUrn are unconformably

overlain by ¡rideepread Juraeslc and crebaceoua sedlments

of the Eromanga Basin ( thornton, 1979 ) '

Twoprominentarcuateantic].inaltrendsaretobefound

in the southern cooper Basin. these divide the region into

three . sub-basi n8" the Patchawarra, Nappamerri and

Tenappera Trougha. Theee anbi cIi nal trende are the

Gidgealpa - Ìlerrimelia - Innamincka High and the

l{urteree - Nappacoong€e - lickalara High. The position of

these structuraÌ featurea is shown in Pigure 2'

1. 3 Patchawarra Formatl on

ThePatchawarraPormatlonofEarlyPermianageformg

part of the Gtdgealpa Group and ita atratigraphic poeition

i e ehoern I n pi gure 3. The rori¡at,i on i a the thi ckest of the

GidgealpaGroupformatloneandexhibitsthe,greabeet

varlabion in thickneaa. It le abeent only n€ar the Baein

margins where it ie overlapped by young€r Permian

sedimenbe, oF on Eome of the strucbural higha wlbhln fhe

Baein ( llilliame, 1982). Ite maximum kno¡rn thiaknees is 1309

feet in Jack Lake 1.

lhePatcha¡'arraFormationconslstsofan

lnteretrattfled acquenoe of eandetone, lhale, eilbatone and

2



FIGURE 1 Locatlon ol Tlrrawarra Fleld

ln the Southern GooPer Baeln
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coal. It, is thoughb to have been depoeited 1n a mixed-load

fluvi aI envl ronment. the Formation waa defl ned from

eectione msaaured in the Pabchawarra Trough by l(apeI ( 1979)

who eubdi vi ded the Patchawarra Pormabi on I nto three

Iithologically dietinct eub-unita. Hle lower division

comprisea mostly carbonaceoua mudrocke t{lth thinly inter-

bedded coala and minor shalee. The middle dlvision

consiste of thtckly interbedded sandatonea' coals and

mudrockB. Kapel'e upper divieion conglsts of a mudrock

domi nant sequ€nce.

The Patchawarra Pormabion conformably ov€11le8 the

fluvi al Ti rrawarra Sandebone and í s overlal n by the

lacusbrine Hurt€ree Sha1e.

The Pormation ia confined wholly to the sub-surface and

ite characteriatics have been determined by examination of

cor€ and geophyaical loge ln thig abudy.

Sandetonee of the Patchawarra Formatlon ar€' together

with the loolachee and Bpailon Formations, the principa}

gaa producera of the CooPer Baein.

1. { Tlrrararra Plcld

the Tirrawarra Pield lfes 1n the eouth¡reetern

of bhe Cooper Baein in northeastern South Auetralla

cenüred tbout 50 kilometree north-northctect of

(Pigure 1). Ib fs a Iarge domal anticline of ar€a

acr€a and vertical closure 25O feebr situatcd

central-eaetern part of the Patchawarra trough

depth of I 000-10 000 f eet below l'1. S. L.

The fteld meaaur€a 9 kilometres north-eouth

kllomebree east-weat, Èhe main atructural trend

section

and is

lloomba

1s 500

in the

at a

bv9

bei ng

3



norbheaet-eouthweat, bhe Bam€ aa that of the Patchawarra

Trough and of the Coopen Basi n i n general. Sei smi c

i nterpr€tati on i ndl cates that the Tl rrasrarra Fi eld I a

faulted at the Îi rrawanra Sandstone and Patchawarra

Formati on levela, the faulte also trendi ng northeast.

However, the etructure i s completely draped at the

Toolachee Pormati on Ievel ( Thornton, 1979r. Drapi ng is

defined aB the general structural concordance of warped

strata, lying above hard core, bo bhe aurface of that cor€,

due either to initial dip or to differential eompaction, or

to both ( American Geological Institute, 1979 ).

The Ti rra¡rarra Fi eld waa dl gcovered i n Hay 1971 by

Bridge 011, with the driLling of Tirrawarra 1. The field ie

a major producer of oil from the lirra¡rarra Sandetone and

gas from the Patcha¡rarra and Toolachee Formations.

To the preaent date there have been 62 wells drilled on

the sbruoture, comprising Tirrawarra I to Tirrawarra 59,

together wi th Îi rra¡rarra North I , Îi rrawarra Hest 'l and

Rakoona 1, providlng exceLlent control over an area of lesg

than 100 square kilometree. Hell statue and locafion is

shown on Figure f.

t. 5 Hcacurcment¡ u¡ed

Deptha to etructure and bhicknees of unlta are measured

and quoted in feet, EB compoalfe loga from each weII,

obtained from SANTOS uB€ thie syatem of measurement.

Surface diatancea (for exampLe between welle) ar€ given

in kilometres.

The llentworth ecale ia ueed to describe grain sizee in

compoeite loge.

4
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CIIAPTBR 2 PRBVI OUS SÎUDI BS

Much r€a€arch has been done by obher

the geology of the Gidgealpa Group in the

in the general theory of eedimentology

fluvio-deltai c syeteme. These atudies

a€ para b eI y.

workers both

Cooper Baein,

of fl uvi al

in

and

and

ar€ congi dered

2.1 GBOLOGY OF TI{B GIDGEALPA ROUP

[ape1 (1966 and 19721

In the earlier Paper Kape} summaríaed previoue studiee

on nhat wa8 then known as bhe Cooper'e Creek Baein. The

Gidgealpa Group waa recognieed to be of Permian age and at

thab etage was referred to aa the GidgeaLpa Formation- Ib

Ífag divlded Ínto lower, middle and upp€r sub-units. [apel

recogni eed the mai n northeasb to southweet gtrucfural

trend of the baein and accurately outlined its boundariee

from geophyaical work and the small number of wells that

had been drilled at that bime.

rn 1g?2 Rapel, in a report on the Patchawarra Trough of

the Cooper Basin, changed the nam€ Gidgealpa Formation bo

Gidgealpa Group and equated hie previous Iower sub-unit

with the 1,irrawarra Formation, Moorari Beds and Patchanarra

Formation. Rapel conaidered that the Patchawarra Formation

rfas depoai ted i n a deLbai c envl ronment, whereaa the

intermittent }loorari Beds belo¡r ¡f€re depoaf ted on an upp€r

deltaic flood plaln. Kapel divlded the Patchawarra

Pormatlon into three llthologlcal sub-unlfs.

5



Stuartr ( 1 976)

stuart ueed corer cubtinge and wireline log data from

southernCooperBasinwellstodivideeachwellinto

genetic units of different deposltional environment on the

baeis of log character and ltbhology. Environmente dafined

incl'udelake,delta,dietributary,pointbarandflood

plain.Dietributioneoftheseenvironmenbswer€then

included in time elic€ maps, the boundanies of which w€re

pickedbylogcorr€lation,uaingsuchmarkerhorizonSas

lakebedsandcoalbeds.lhee€werethentiedto

palynologic findinge.

stuart then analysed his defined depositional modele'

and using faclee relatlonehipa and thickness variations,

determined the main deposítional and structural axie of the

eouthern cooper Basin. In addition he ehowed that

differential do¡rn¡rarping of the baein reeulted from

pronounc€dearthmovementgofvaryingmagnibude,andthab

theee movementg úfere connecbed wlth subgurface aaymmetrlcaL

anticlinea and aasociated faults'

Heeuggeetedacompreaaiveregimewithinthebasin

cauged northeasb-south¡reet folds and faults'

Stuart diecussed the importance of strabigraphic trapet

particularly those conaisting of delba-frlnge eandstones'

lle recognieed the economic pobenblal of these sandstones

and outllned arêaa where they are found'

StuartguggeatedthatbheMurtereeshale,which

overliee the Patchactarra Formatlon, waa depoaited in an

op€n basln wi th reatrlcted acc€48 to the 8€a. thus

6



Bhorelines may provide a baeia for stratigraphic traps. He

recognieed eand ghoreline depoaits by fhe pre6€nc€ of

narro¡, V-ehaped burrowc as dl stl nct f rom Dtorm tubes whl ch

repreeenb flood plain envlronmente.

B¡ttcr¡by, ( I 976)

Batteraby summarÍsed the exploration and development

hlatory of the Cooper Basin uP to thab time and dlscuaaea

the tectonic and depoaitional hiatory of the baein. His

summary of the relevant, part of that hiatory follo¡rs.

1. Epeirogenic downwarping of older eedimente in

Late Carboniferous.

2. Deposition of continental Penmo-Triassic with

contemp€ran€oua faulting al.ong maJor pre-Permian etructural

t re nds.

, 3. Uplfft and erosion ln MiddLe-Late Triaeaic.

4. l{aJor epeirogenic downwarping of mosb of eastern

Australia initiating the Great Arteaian Basin in Early

Juraaeic time.

5. Continental Juraeaic depoeition.

6. l{arine tranegresalon in Late Jurasaic to Barly

Cre t aceoua.

7. Regreeelon ln Late Cretaceoue.

8. Reglonal foldlng and faulting ln Tertiary.

Batteraby made the polnt that no eediments of definite

marine origln have been found ln the Permo-lriaaeic Cooper

Baein, although marine aedlmenta of Juraeslc-Cretaceous

age overlie it.

Permlan sedlmente ( which include t,he Patohawarra

Pormatlon ) vary greatl.y ln thlckneaa' and t,hls varlatlon

7



throughout the eouthern cooper Baeln waa attributed by

Babberaby ( ln part after stuart, 1976) to on€ or more of

thc followlng cauass : - growth faulting, tranagrcseive

onlap, non depoeitton and dlfferential compaction.

Babberabyrecognisedthreelarge-soalecycleaof

depoaitlon ln the Permo- Triaeaic, sach of which show a

typical finlng-upwarde in grain elze overlaln by fine-

grained lacustrine sediments. He conaidered bhat the

recunr€nc€ of thege cyclea euggeets an upward decrease in

depoeitional anergy. He believed the Eourcs of Permian

sedimenta waa to the eouth.

Pre-Permian compaction wa8 important in determining

permian depoaltion pattcrna according to Battereby, and

Patchawarra Formation depoaition tranegressed from low

ar€aa onto pre-Permian etructur€4. thlckneas variations of

the upp€r parb of the Patchawarra Formation ar€ ln many

areaa due to the effecte of differential compaction over

the burÍed pre-Permian featureE. In particular the prêsence

of thiok coals may have enhanced the effects of compactlon'

Battersby dlecussed hydrocarbon formation and

entrapment in detail. He conaidered that bhe hydrocarbone

had a terrestial plant origin and thab migration occurred

aoon after depoeition. Long-dietance migration may have

been poaalble through interconnecting polnt bar depoalta.

Eattersby's idea of the structure and geology of

llrrawarra Bteld waa based on only eleven welle drllled at

the tlme and on eeiamlc Burv€ya. He noted a general

northerly thlnnlng of the Patchawarra Formablon in bhis

ft eld.

I



Thorntonr ( I 978 and 1979,

Thia author carrled out a regional stratlgraphlc

analysie of the eouthern Cooper Baein, uelng quantttative

dat,a malnly derlved from wireLine loge. Prom thia anaLyeis

he r€oon¡tructed the paraeogeographi c and depoci tl onal

hfstory of the southern Cooper Dasin.

Thornton concluded that the Gi dgealpa Group waa

deposited fn an environment crhere geomorphic relief Has

diminlehing with tlme. Inltially the Tirrawarra Sandstone

wa8 depoelted by bralded atreams¡ poaeibly on a glacially

scoured eurface. The braided etream eyatem waB eucceeded by

a mixed-load dominated envlronment aa topographic gradiente

declined. Thle period of depoeltion le now r€preaented by

the coals, ghalea and sande of the Patchar{arra Formation,

whi ch w€re deri vcd from the south. The Cooper Baei n

subeequently r{as invaded from the eaet by an intand aea in

which waa depoelted the llurter€e Shale.

thornfon ahowed that depoait,lon of the Patchawarra

Pormatlon waa thicker in t,he Patchawarra Trough than

eleewhere and that the three rithologicar units deccnibed

earlier by Rapel (1972 ) were only applicable in thts

regi on.

thornton made environmental reconatrucüione of t,he

southern Cooper Basin on the baeis of faciee analya€s

carrled out on the eedimentg depoaited at different times.

He used napa of eandetone percentage, ghale percentage,

coal percentage, aandatone-shale ratlo and clastic ratio aB

a gui de i n reconstructi n9 mapa of depoei tt onal

envi ronmentg.

Thornfon also €mphaeised the lmportanc€ of

I



Btratigraphic traps for hydrocarbon accumulation ( as Stuart

did ), and etated that theee should be targeted in future

exploration. Various typea of sbratigraphic trapa n€re

discuesed, lncluding valley trape due to onIap, pinchoute

of r€aêrvoir formations, delta front gandetone bodies

encloeed in ehalee, and eandstone channel bodles on the

flanka of monoclinee.

tltlllama, ( 1982)

tttlliams conducbed a detailed etudy of Patchawarra

Formation core randomly selected from geveral eouthern

Cooper Basín well.a, including Tirrawarra 1, 2, 3 and 5.

tlilliame extended Rapel's tripartite division of the

Patchanarra Pormation , wíth aome modification' to the

Merrlmelia, Mudrangie and GÍdgealpa FieIda' situabed on the

adjacent Gidgealpa-ìlerrimelia-InnamÍncka Ridge.

tltlliams Ínterpreted the Patchawarra Formation aa

depoeits of the transitional lower delta plain' away from

the main diabributary nefwork

He described a lower diviaion, whích he termed Paciee

Aeeocl ati on I , domi nated by carbonac€ous¡ fl ne-grai ned

eedlmenta and commonly arranged in upward coaraening or

heterolithic s€quenc€4. He euggested, aa had Thornton

( 1979) that theee aequ€noes an€ conai etent wi th

depoeition in an environment dominated by interdietributary

or paludal eedlmenbation i nto which sand eplays w€re

periodically introduced.

Williame' middle division of the Formabion, fermed

Faciee Aesociation 2, 1e domlnated by thick aandatone bede,

commonly with baeal inbraformational oonglomeratea

10



ov€rIyl ng scoured aurfacea. Hi lli ams consi dered these

Banda, whlch ar¡ arranged ln upward-flnlng aequ€nceB, to be

poi nt bar depoai te, although fl ner aands may repreaent

abandonment fi 1Ie, leveea, oF back seramp depoai te. He

interpreted Facies AesocÍation 2 as being depoelted in the

1o¡rer delta ptai n / upp€r delta plai n envÍ ronment ¡rhere

distributary channele cut through lake deposi ta,

interdietributary bay filIs and awamp sediments.

the upper division of the formation, Facies Aesociation

3, úraa deecribed by HilIiams aa thln' coneiating for the

moet part of finer grained sediments. Upward-coaraening

a€qu€nc€s ar€ common and llilllama argued that they are

probabLy crevaaae splay deposite. He suggeeted that

deposition occurred in Iargely subaqu€ous wlnd-affected

lakee or bays ¡rith assoclated swampa, emall channels and

leveeg.

lloone and Cagtro ( I 98¿)t

theee authore poi nted out the i mportance of

etratigraphic traps in meandering systems, suggeating auch

traps are common in upp€r delta-pLaln soquencea where

narrosr, fÍning-upwards and discontinuoue gandetones are

presenb.

In contraat, lower delta plaln sande are typically

upward coaraenlng and laterally extensive. Strucbural traps

are more common than stratigraphlc traps in thls area r

particularly if gnowth faulte ar€ preeent.

the authors diecuaeed the usefuln€aa of seismic inter-

pretatlon of faclee but believe that in the Cooper Basin

resolutlon ig lnadequate 1n most caaea at reeervoir depths.

11



2, 2 SBDI }IBNTOLOGY OP FLUVI O-DBLTAI C SÏSIBI.IS

Faole¡ and Faolc¡ A¡¡oclatlon Conc e pt ¡.

Hany faoiee defined in isolabion from the a€guence

contal ni ng them oould have

Halker ( I 984) gave the example

faciee that could be formed

river, a tidal channel, âtr

along-ahore currentE, or on

tidal currenbe. the procedure

earlien workera ie to analyae

The aequ€nc€s in which faciee

ambi guoua f nt e r pre t at i ons.

of a oroaa-bedded sandstone

in a mEandering

offghore ar€a

an op€n shelf

r€commended by

all the facies

occur thus can

or braided

doml nated by

domi nated by

Halker and

communal I y.

contribufe aB

much lnformation about the environment of deposition as the

faciee themeeÌves

lllatory of Fluvlal Sand Studleg.

llalker and Cant (1984) summarieed the hietory of eandy

fluvial atudiee in the paat ¿0 y€ara, following on a

prevloua hist,orical review of Miall ( I 978) . Barrell ( I 9t 3)

noted upward-fining s€quencea in the Devonian Catekill

Format,lon of New York State. Dixon (1921) noted similar

upward-flning aequ€nc€s in the South llales coalfield.

In tha early 1960's two separate llnee of study

evolved, namely atudiee of recent and ancient fluvial

eedlments. llorkere from bhe ShetI Oil Company extenalvely

etudled point bar ayetema of the Brazos River in lexae, and

documented the upward-fining model for meanderlng gtreams

( Halken and Cant,1984 ). ThIs lncluded verbical changee 1n

sedimentary structurcB (glant rlpple bedding' ovenlaln by

12



horizontal beddfng, overl.ain

AIIen (1964, 1965t 197O, 1985

recent fluvlal syetema.

by emall

haa made

ri pple

eeveral

bcddi ng ) .

atudiee of

Xe¡ndrrlng Sy¡toms and thc Channcl and Polnt Bar.

the princfpal eite of eandetone depoeibfon in fluvlal

ayetema 1c aaaociated with the channel ae thie ie where

transport velocities reach eufficient IeveIe to mov€ eand

and Iarger el zed eedi ment. The mai n envi ronments of

depoeition are the channel itself and in progradlng bars.

It ie thought that t,he thick sandstonee of the Patchawarra

Formation were deposi ted in a meandering aystem

(Thornton 1979r. Figure 5 shows the mafn geographical and

sedimentologloal elements of such a river ayatem. Eroaion

occura on bhe outer banke of the meander loops with

depoeition on the inner parta of the loope. the point bar

la the main depoeitional environmsnt 1n the channel and

thie progrades laterally and down atream acroas bhe flood

plain. Coarse material or lag is depoaited on the channel

floor and thig only moves at peak flood time. Lag conaieta

of gravel ¡ri th waterlogged plant material and partly

conaolldated blocks of mud derived from erosion of the cut

bank ( HaLker and Canf 1 984).

fn the channel, sand le transported aa bedload and

becomes croBa bedded as a reeult of being depoeited ag

mlgratlng dunes. Thee€ range ln height from 30 am to one

metre and are preaerved in the rock record aB trough croas-

bede above lag depoalte ( Ha1ker and Cant, I 984). Still

higher on bhe polnt bar ¡rhere depths ar€ ehallower, rlpplea

are preeerved ln finer eand. PÌane beda may be deposlted

13
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r{1th higher velocitlee and ehallow depthe. However bheee

plane beds may be depoaited hlgh or lon on the point bar

dependlng on river depthe and velocltiee. they are of

varylng graln alzee, but mor€ oommonly ar€ flne grainedt

and oan be pr€Berved lnterbedded wlth trough croas beddlng

or with ripples ( Halker and Cant' 1984).

The upward-fining grain 813€ le due to Epiralling flow

of the meander Ìoop. Ae flo¡r entere the bend' a helical

overturn develope, aurface flow being directed against the

cut bank where lt turns do¡rn and along bhe point bar

eurface ( Figure 6 ). Flow acrogg the point bar tende to

aort the eediment which becomes finer on the shallor.t€r

parta of the bar a¡tay fnom the region of higheat flow

energy. thia is 
, 
the baalc cause of the upward-fining

(l{iaII, 1981). As the cut bank erodes, caving material may

fall lnto the channel to be covered by eand and thus

preserved. The point bar progrades and meander loops

migrate down etream. the point bar may then be overlain by

flood plaln depoaite if the river changea ite course. A

typical stratlgraphlc 8€cbion of point bar and overlying

ftood plaln depoaits ie given ln Pigure 7.

Heander loops may be temporarily ( chufe out off) or

p€rmanently ( neck out off) abandoned. Bach of these

occurr€nc€B produces a characüerístlc mÍd-channel avulaive

depoeltlonal sequ€nce (Plgur€ 8). Htth chute cut, off the

water floc, gradually decreagee and low flow-regime

sedlmentary atrucurea ar€ formad, particularly ripple croag

lamination. Hhen abandonment ie compl€te' flne grained

eedlment only ia depocited in the oxbo¡r lake during

floodlng from the main atream. Durlng neck cut off' the
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meander loop ie suddenly breached. Sand rapidly pluga the

entrance to and exlt from the loop. Plo¡r in the abandoned

channcl atops rapi dly and flood i ntroduced deposl ta

dominate the abandoned channel forming 'mud ptuga' in the

etratlgraphlc record.

Levees ars long low rldges of mainly flne material,

flanking a river channcl. They ar€ formed when the river

overflowa lte banke and auepended material is depoetted as

the niver'a velocity decreaa€s away from its centre. As

deposited material raisee a rlver'a bed, the river Ievel

may rise above the eurrounding plain ao that only the

levees prevent, bhe water overflowing. Crevaege splaye form

when meandering atreams laterally breach t,heir levee banks,

often at fLood time, and deposit their load ov€r the flood

plai n. Crevagse Bplaye may occur on flood plaf ne

( Figurea 5 and 9) or ar€ aseociated ¡rith a deltaic

dietributary channel and deLtaic depoeite (Figure l0). Such

deposibe often have coareening up layera, beginning ¡rith a

sharp base and paralleI laminatlon, which ie eucceeded

vertically by ripple croaa lamlnation.

lllst,ory of Dclta Studlc¡

Aa previoualy mentloned, some Cooper

conaider the Patcha¡rarra Pdrmatlon to have

ln a deltalc environment

Intercat in deltaa ¡raa etimulated early

the fact that the sedlmentg of many delbae

amounfa of foseil fuels ( ìlla11, I 984). thia

true of the Unlted Statee GuIf Coaat of

Texas. Research lnto deltalo gedimcntation

Basln workers

been deposi ted

thie century by

contai n large

i e part,i cularly

Loui si ana and

hae, ln the paet
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40 yêara, been domlnated by studies of bobh modern and

ancient GuIf Coast delta ayetema. Piek ( I 9f4' 1947 ' I 948,

1952, I 954, I 955) pioneered llisaissippi Delta studles by

establiehing the depositional framework of the modern

delta ¡ri th the ai d of many thoueands of ehallow

borehoLes ( I'li all, I 984) . Kolb and Van Lopi c ( I 966) and

Coleman and GagIi ano ( 'l 964, 1 965) et€re also i nvolved

in inveetigatlon of depositional environmente and cyclic

sedimentatlon in the Mississippi Delta. Allen ( I 970)

contributed to ühe study of deltas with his work on the

Niger DeIta, this being another maJor an€a of hydrocarbon

accumulation.

Pieher st al (1969) proposed a three fold subdivieion

of delbas into river-, r{ave-, and tide-dominated typee. As

it is gen€ralIy conaidered that there ie no op€n marine

ínflu€nc€ in the depoeition patterns of the Patchawarra

Formation, the latter two types are not relevant here.

Delta Syatcm¡

ri ver-domi natedIt ia poaaíble that

important in determining

Pa t cha r{arra Forma t i on.

bhe sedimentation

ìliall (1984)

del tas erer€

patt€rna of the

di sc ueeed the

environments developed in euch a ayatem, and theee are

summarlsed 1n Figure 11.

the main eediment load is deposited in a dietributary

mouth bar whlch becomes finer grained towards the open

nater aa the river'g competence ie reduced on slowing down.

The mouth bar progrades towarde the open ¡rater if there is

no oc€an current or ai gni fi cant Ítav€ acti on.

Interdiatributary baya, located between the mouth bara aro
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areas of low €nergy whi ch ar€ domi nabed by muddy

sedimentatlon and abundant organic actlvity. These bays

eventually ftl.l with sedlment and becomc marahes. Subaerial

leveeg are breached in pLaces regulting in crevaaae aplaye

¡rhich prograde into the interdietrlbutary baye.

Fri edman and Sandere ( I 978 ) dl sti ngui ehed bet¡reen

delta patt€rna formed by rivere flowing into fresh water

lakes wtth those formed by riverg flowing into the B€4.

Di fferent deposi ti onal patterna are caused by densi by

contrasts between the moving and etiIl bodies of water.

flhen rivere flow into lakee there ie no denaity contrast

and thcre ie a general spreading' alowing dorn and

diffuaing of the entering water. the bed load accumulates

on a steep slope ( foreset beds) at fhe angle of repose of

the particlee. The density of a river flowlng into the aea

is lower than that of the aea water. A wedge of the denser

a€a water enters the lower reachee of the channel and thie

forcee the water in the channel out of contact with the

floor. Hlxing occurs aLong the aloping lnterface between

the two bodiee of ¡rater. A surfac€ current flowe out of the

channel, but a bottom current flowe in. the bed load atope

at the tip of the salt water wedge and eediments accumulate

to form a diatributary mouth bar aB deecribed above.
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CI{APIBR 3 CORB INVBSTICATION

3.1 Introduoblon

The Patchar.rarra Formati on has been cored i n I 3 of the

62 wells in the ÎirraÍrarna FteLd. Att core taken was

examined in thie study, a total of 1293 feet. A eummary of

core investigated, bogether with the diatribution of welle

from which Pabcha¡rarra core has been taken is shown Ín

Pigure 12. Most of the core is sbored at the South

Australian Department of Ì,lineg and Energy Core Library in

Glenside, but a small amounb is held at the SANTOS Core

Library, Gilman.

Graphical lithological logging of the corê waa carried

out, and the cor€ loga displayed at the scale of

I i nch = I O f eet. Correspor,ai ng gamma and soni c logs ¡{ere

then plotted by computer at the aame scale.

The purpose of core investigation nas twofold : -

(l) 1o confirm or otherwiae check gamma log and

sonic log parametere routinely ueed to define eandetone,

shale and coal.

( I I ) To apprai ae, by ti thologl cal loggi ng'

sedimentary structure and bexture, in order to develop a

ecenario of ancient environmente.

After examination of cor€a the resulta were

extrapolated to uncored wells ueing fhe g€ophyeical logs.

Sedimentary trende were observed in bhe cor€8 and these

corre3ponded to observed and repeabable gamma and eonic log

patt€rna.
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3.2 Oemme Log ¡nd Sonlo Log P¡ram¡ücr¡

Readinge from two types of down-ho1e geophyeical

tool have been used to attempt to rellably correlate nith

tt thological boundarlee.

the gamma ray tool m€aaurea the natural gamma

radioactlvity of the eurroundlng rocke. The bool can be

ueed to distinguiah between thorium, uranium and

potaeaium 40, however ibe principal uae in the Cooper Basin

is to meaour€ the propertiea of the sandetone and to

dietinguish between eandetone and flner grained rocks. l( 40

is a common radioactive iaotope and íe found in many c1ays,

glauconite and micae. Generally in this environment an

increase in gamma ray count indlcates an increaee in silt

or shale content of the rock. Silts and shalea are uaually

much more radioactive than sandgtones, Ilmeetonee or

dolomi tea, becauee the former contai n a hi gher clay

percentage. Porter and Crocker (1972, found that the finer

claetice are mainly i111te rich and that thia clay, being

potassium rich, reapondl bo the gamma ray tool.lhe unit of

gamma oount is the A. P. I. ¡rith an arbitrary ecaÌe from 0 to

2OO, 100 on the A. P. I. scale le normally taken aa the

boundary between gand (<100 A.P.I.) and shale (>100 A.P.I.)
( BowIer, I 986) .

the eoni c tool m€asur€a the tl me i t takes for a

compr€aeional eound nav€ to pass through one foot of

formatlon, adjacent to the ¡rell bore. The veloclty of sound

dependa on euch factore as the denaity of the rock and ite

poroaity. Velocity ie decreaeed by a decrease ln density or

an increaae In poroalty. CoaI 1e conalderably leas denee
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than eandstone or shale and sound waveg therefore travel

glolrcr bhrough coal compared with eandstone and shaIe.

Sonic measurements ar€ made ln mlcrosecondg p€r foot' that

le the amount of time in microceconds the gound takee to

bravel through on€ foot of formation. Thue a s1orr medium,

such Ea coal, will have a higher sonic counf than a

relatt vely fa¡t medi um such as shale ( BowLer' I 986) .

90 microseconda/foot ie the tradiÈionaI boundary between

coal ( > 90 mi croseconda / foot') and sand anà ehale

( <90 microseconds/foot). the sonic tool has a a€naitivity

of 2 feet, hence layera leee than 2 leet thick ¡ri11 not

glve a r€apona€ to it.

3.3 Gcophy¡loal and Lttholoqloal Log Corrclatlon.

Core loge and geophysicaL loge w€r€ depth matched in

the f oll.owi ng etay. An approxi mate match ¡raa f i rst obt,ai ned

by comparing depths from the cor€ logs ( these ¡{€re obtained

from the cor€ tbself) wíth those of the computer produced

geophyaical Ioge. The appropriate geophyeical and cor€ logs

(which r€re at the aamê scale) w€r€ then placed aide by

elde and adJueted until where poaaible a maJor change in

Iithology corr€aponded with the expected major change in

geophyeical param€ters. For example in lirra¡rarra 1, Cores

4 and 5 (Ffgure 15.1), the thick Patchawarra CoaI ls ov€r-

laln by a coarae grained sand at cor€ depth 9025 feet. In

the geophyaical 1og, there ie a drop in eonic counb below

90 microseconds/foot, and a drop in gamma count below 100

A. P. L above the depth of 9037 feeb. Therefore the two Logs

have been matched at thege deptha. That 1s 9025 feet core

log depth is equlvalent to 9037 feet g€ophysioal log depth.

20



It waa not aletaya poasible to find juet on€ maJor change in

lfthology whlch unambiguously mat,ched a maJor geophysical

change. In such caaesr P€nhaps two or more matchlngg of

lithology and geophysical loge wer€ ueed. Por exampl€r fn

llrrawarra 2t Core I (Figur€ 15.2 )' mudstone overliee fine

grained eandstone at core depth 9077 feet. Thie correaponds

to a rlae in gamma count to above 100 A. P. I. ab 9086 feet

g€ophy8i cal log depth. r n addi ti on, coal overlal n by

eandstone at core depth 9063 feet correaponde to a drop in

gamma count belos¡ 100 A. P. I. I and a drop in sonic count to

lese than 9o mi croaeconde/ foot at 9072 feet on the

geophyeical 1og. therefore in lirrawarra 2 , Core 1

go77 ft cors log depth E 9086 ft g€ophyEical log depth and

9063 ft, core log depth = 9A72 ît' g€ophy8ical log depth. It

1s noted that there is a conatant differênce of 9 feet

between lithological and geoPhysical loge in this ca8ê.

this indtcatee the corr€lation is correct. Gamma ray valuee

and sonic values aleo match each other in this and all

other cas€s, êB would be expected for two tools mounted on

the aame probe.

3 I Ganma Loq Hca¡urcmcntt and Corc Losqlnq

After core toge and geophysi cal loge et€re depth

mabched, ahale-sand boundariee on the core loge were

projected acrosa onto bhe corr€aponding gamma loge. ( see

Figure t3 of Tirra¡rarra 5, Core 7 ). Gamma ray counts for

each boundary útere then obtained from computer-g€nerated

informatlon. the meaaurementg are ghown in lable l. A total

of 111 boundaries were examined. About half of theae

boundarlea are eharp, where there ia a eudden change in
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grain aize from shale size to medium or coara€ sand size

( or gravel) or vice v€raa ov€r a fer centlmetres. An

€xample of this is ab cor€ depth 9363 feet ln TÍrrawarra 5,

Core 6 ( Figure I 5. I 4 ) where ahal€ Eized particlea ar€

overl.ain by gravel slzed particlee. The other half of bhe

boundari ee ar€ gradabí onal where bhere í s an almoet

lmperceptabl€ change in grain aize from sand bo shal€ or

vice versa ovêr several feet. An example of this ig around

core depth 9404 feet in Tirra¡rarra 5, Core 7 (Figure 15.15)

where sand gradualty gives way to ahale.

The average gamma ray value for shale-sand boundaries

was calculated at 99.4 A. P. L units. This corresponds very

¡re11 wlth the figure of 100 A. P. I. units traditionally used

to define this boundary when core ie abeent' and iustifies

the choice of loo A. P. I. units aa the boundary used in

shal€ and eand calculations in thie atudy. However it

should be noted that much of the core etas logged aa hetero-

tithic interbeds in which v€ry thin ( in the order of

centlmetres) bede or laminae of aand and thale albernate.

It is evident that the gamma ray tool doe¡ not reepond to

such changes in lithology and no attempt has been made to

oorrelat€ boundariea erlth gamma log valuee when layera are

lese than 0.5 feet thiok.

3.5 Sonlo Los Heacurcm€nta and Corc Lo lndc c-

Coat-eand and coal-shale boundari ee $tene 1i kewi se

marked on core Ioge and proi€ctsd onto the Oorreaponding

eonic loge. ( see Pigure 1 3 of lirraetarra 5, Core 7' .

Soni c counts obtal ned from computer i nformatlon wer€

alloted to each of the 80 boundaries measured. VaIuee are
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ahown ln Tab1e 2

The av€rag€ sonl o count for coal boundari ee waa

calculated at 94.3 microseconds p€r foot. Thts is slightly

higher than the traditional value of 90 microeeconds p€r

foot. Reasone for thia discr€pancy mlght be :-

(1) Core Ioee. Coal ie often Ìoeb during recovery

and it is bherefore hard to define €xact boundarfes. For

example ln Tirrawarra 13, core etaa loet during r€cov€ry

from about 8999 feet to 9004 feet (Pigure 15.21r.

( 1 I ) Carbonaceoua shaIe. Some occurrencea of this

rrer€ found to have a sonic count greater than or equal to

90 microseconds per foot. Por exampÌe in Tirrawarra 2,

Core I, the carbonaoeoua shale at 9069 fcet has a eonic

reading of about 105 microeeconde p€r foot. (Figure 15.2r.

( I I I ) Thi n coal layers. Moet coal seama of one

foot or leee in thickneea n€re found to have a sonic count

of leeg than 90 microseconds per foot. thie ie becauee of

the

of

ha ve

t¡ro foot reeolution of the instrument. The boundariea

the aeven thin aeama found in the core wor€ found to

an average eonic count of 73 microgeconde p€r foot.

Because of boundary unc€rtainty in oore investigationt

traditional figure of 90 gecondg p€r foot hae been ueedthe

to define coal boundariee ln coal bhicknese calculatione in

thia etudy.

3,6 Llthologloal Logglng

Deecriptione of cor€ 1Íbhological Loge arê given in

Chapter 4 "Core Degcrtptlone and Sedimentary Environmentg.'

The key to theae loge is given in Pigure 14' and the

Iithologiaal loga themaelvea, together with corr€sponding
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geophysical toge ar€ shown ln Figures 15.1 to 15.27

of the¡e llthological logs have included with them

environmental inberpretabion. Core boundariea ar€

Tabl e 1 2,

Mos t

bri ef

shown In

a
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CHAPTBR ¿I CORB DBSCRI PTI ONS
A D SEDI TIETITARI gI{YI ROI{}IE NlS

Tlrrararra I ( Figure 15.1) : - 55 feet of continuous core

has been taken. Bofh Facies Associabions 2^ and 2B ar€

repreaenfed. Faciea Aesociation 2A ie preaent enbirely as

the Patohawarra Coal. The coaL i e autochthonoue and

indicabee a well vegetated Bwamp deposit.

The base of Pacies Association 28 conaists of a coara€

blocky gandstone with aome coaL inclueions. this could ¡rell

repreeent a channel lag deposib, bhe coal indicating that

vegetation has fallen into the etream and rùao rapidly

buried. Thie channel lag ie overlain by a small upward-

fining aequ€nc€ ¡rifh bioturbation n€ar the top. This is

probably a point bar deposit.

Tlnnawanna 2

been taken.

Faclee Aasociations 18, 2^ and 28.

The core from Faci ee Associ ati on I B conai sts of

al.ternatlng muds and bhin coalg. A few mud a€quences

coarBen upwards I nto fi ne sands. Thee€ ar€ poasi bIy

indÍcative of bay or lake fiIl. The coaÌe represent amall,

di econbi nuoue a¡{ampa.

Faciee Association 2A conaists largely of upward-fining

Boquenc€a, which indicabe deposition in point bars. Some of

theee ar€ etacked, having their tope eroded off before

deposition of the next upward-finlng a€qu€nc€.

One mid channel gravel bar ie present ab 9219 feet.

Thln coalB are aleo preaent and these r€pr€aent vegetated

( Figurea 15.2- I 5. 5) : -

Although not continuoue,

235 feet of cor€ hae

the core represents
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s namps.

Facies Aaaociation 28 contains one axcellent bhick

upward-fining aequ€nce overlain by two thinner onoa. The

thtck a€quence commêno€a wibh a medium grained eandstone

contai ni ng Born€ i ntraformati onal pebblea' poaai bIy

lnbroduced by bank collaPae into the etream bed. Further

up¡ planar cross

cross baddi ng.

fi nely ri ppled

and coal. I t

bedding ie preeent, and above

thie 1n turn is progr€ssively

8and, weII bedded muds, carbonaceoug

is congldered to be a particularly

thia, trough

overlaln by

s hale

fi ne

example of a point bar deposit.

llrnararra 3 (Figur€ 15.6-15.7', :- Bot,h Pacies Aseociation

2A and 2B are repr€sented in bhe ll0 feet of core.

The cored eection of Pacies Aegociabion 2A Commenc€a

¡ri th autochthonous ooal r€prea€nti ng a veg€bated aetamp

environment. Thie ie eharply overlain by medium to coarsê

eande indicating rapld encroachment by a stream. The eands

fine up and alter to non atratified (bioturbated?) mud and

finally a thin coal band. This in turn ie overlain by a

thln upward-coaraening s€qu€nce' poaaibly a cr€vasa€ splay

deposi t.

Paciee Associatlon 2B overliee a cored eection of the

Patchawarra Coal so the boundary ia vleible. the base of

thia Faciee Association conaists of a thin upward-

ooarsening aequ€no€, posaibly a erevaBae eplay depoait.

thia in turn ie overlain by four upward-fining aequenc€B

¡rhloh are probably point bar depoaits. Above this, at 9194

feet, llee a coarae eandatone wtth inÈraformatlonal

pebblee, posalbly introduoed by bank collapae.
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lnrararra 0 (Figur€s 15.8-15.9)

of Faciee Aasociation 28

of core has been taken.

A well bedded shale,

baae of the cored section

and 3 have

Representati ve eecti one

been cored, and 69 feet

partly carbonaceoua, lies at the

of Pacies Asgociation 28. This ie

overlain by a very thin channel lag depoeit containing bank

collapse material. The channel was soon abandoned as ghown

by the coal dlrectly above it. llore sandetone overl.ies the

coal and this develops into an upward-fining aequence

containing ripple marks. It ie probably a point bar

de pos i t.

The cored section of Facies Aseociation 3 consiets

almost entirely of mudrock. Some ia ¡¿el} bedded, but other

parts are bioturbated and etructureless. Some heterolithic

interbeds are present at the bop and these give way to the

overlyl ng 9r€Vr crell bedded l{urtere€ Shale ¡rhi ch waa

probably d€posited in a lake.

llrnaranra 5 (Fígur€a 15.10-15.16) :- The Patchawarra

Formation has been exteneively cored and Pacies

Aeeociatione 14, 2A, 2B and 3 are reprea€nted. 398 feet of

core has been taken, including 334 feet of continuoue core

f rom 9t I I f eet to 9¡145 f eet. Thi s helps to bui ld up a

pi cture of envi ronmsntal condi ti one throughout a Iong

period of time. Honever lirrawarra 5 ie at the eouthern

extremity of Tirrawarra Pield and ie probably not typical

of the whote field. thie ie confirmed by sedimentation

rates and pabterns ¡rhich nill be discuesed later. Hilliams

(1982) has extenelvely studied the cor€ from lirrawarra 5.

the boundary bebween Paciea Aasociation 1A and the

underlyi ng !i rrawarra Sandgbone hae been cored. Thi a
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boundary is sharply definsd. The lirrawarra Sandebone ie

coarge and may be a braided atream dsposit. the lower part

of Paales Aeeoclation 1A oonsists of bhin upward-finlng and

upward-coara€ni ng sequ€ncea together wi th mudrocks and

ooals. Unfortunately this part of the cor€ doea not include

any of the thick sands by which the Facies Aeeociabion ie

deflned. Thege occur Just above the cored section.

AfI but the lowen 24 feet of Pacies Association 2A hae

been cored. The cored aection comm€ncse at 94ô5 feet with

heterollthic interbeda ¡rhich may repreaent an overbank

depoait brought about by variable current flow. This ie

overlain by a thick autochbhonous coal, indicabing a well

v€g€bated awamp. A upward-fining a€qu€nc€, probably a polnt

bar, followa, then commencing at 9ô00 feet' a coara€ and

bhi ck sand hag been depoai ted. Thi s contai ne i ntra-

formational pebbleE, probably inbroduced aa bank collapae

parbiclee in a Iag depoait. Sevenal truncated upward-fining

s€qu€nc€a fol1ow, containlng such featurea as scoured

baaeg, planar and trough croae bedding, rlpple marks and

bank collapse structurea. they âre probably stacked point

bar depoeltg. At 9311 feet theae give way to the thick

( 60 feet pluB) autochthonoua Patchawarra CoaI which

indicatee a long guleacent period of deposition in a

v€g€tated swamp.

Faciee Aaeoclation 2B commenc€8' by definition' at the

top of bhe Patchawarra Coal, ât 9219 feet. lleterolifhic

lnterbede wer€ deposited firat, bhen ae atreame ¡f€re r€-

establiehed 1n the aroa' more aand ¡taa depoeited. Upctard-

ft nl ng s€qu€ncea, oulmi nati ng i n ooala ar€ common'

suggestlng point bar depoalta. At abouü 9165 feet' two thin
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upward-coara€ni ng a€quenceB, contai ni ng eoft eedl ment

deformablon etructuree, sugg€8t crevaaae cplay input. The

top 15 feet of Facles Aesociation 2B has not been cored.

The small cored aectlon from the middle of Faciee

Associablon 3 consiete mainly of non etratified mudrocke.

Two, thin upward-coarsening aequ€nc€a may repreeent bay or

lake ft Ll.

.llrnararra 11 (Pigure 15.17) :- Only fhe Iowermoat part of

Faeiee Aegociation lB haa been cored. The cored sectlon of

53 feet containe three emall upward-coara€ning a€quonc€a

which may r€preeent bay or lake filt. Thin coal banda are

also preaent, sugg€sting vegetat,ed awampa.

Tlrnararra 12 (Figures 15.18-15.2O1 : - A total of 87 feet,

repreaenting Paclea Aasoclations 14, 1B and 28, hae been

cored. Unfortunately thia cor€ has nof been split and it is

therefore difficult bo obtain a deËailed picture of texfure

and structure.

AlI Paciee Aseociation 1A ie preaent. the lower half

consiete of a mudetone wich forms a sharp boundary with t,he

underlylng Tlrranarra Sandstone. Thie mudstone abruptly

givea way to the aandatone layer which helpe dcfine this

Paclea Aasociatíon t A.

Faoles Aaaociation I B comm€nc€B at 9832 feet with

mudatone which changea withln 10 feet to a carbonaceoua

ahale, then to coal. The cored section enda here.

The central part of Paoiee Aseociation 28, from 9095 to

9163 feet, haa been cored. It is dlfficult to obfaln an

accurate picture of graln eize and other featur€a' But it

appearr that three upward-fining aequencea ar€ preaenb,
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r€pr€s€ntíng Point bar dePosibs.

Tlrrararra 13 (Figure 15.21'15.2T :- Thie well is one of

the most intereating in the whole fieId. It is at or near

the centre of an area of etructural growth as will be

diecuas€d later. tlhile 94 feet of core has been taken, this

hae not been spli t, and furthermore $tag stored i n

cardboard, so could not be st€t brushed, to obtain at least

aome debaile of etructure and texture.

Only part of Paciee Associatlon 28 is r€pr€sented in

corel three upward-fininçt aequencear commencing at about

9055 feet, are preeent. The bopmost of these is overlain

by a thick mudrock which contains carbonaceous layers at

the top. this mudrock may represent an overbank deposib.

llnrararra 16 ( Figure 15.23) : - Only the lo¡rer eection of

Facies Aseociation 2B hae been cored, a total of 55 feet.

An upward-fining aequênc€, containing ripple marks in

the central part, culminates in a carbonac€ous shale at

9144 feet. this is probably a point bar deposit. Above

bhis, another upward-fining aequenc€ is truncated at 9131

feet by a thick coara€ sandstone, which may be a main

channel depoait. At 9177 feet thie ie abruptly overlain by

a oarbonaceous ahale, suggesti ng the channel hae been

abandoned.

Tlrrararra 17 ( Figure 15.241

of Patchawarra Formation hag

the lowermogt Part of Facles

: - In this

been cor€d,

Association

well only 23 feeb

this being from

tB.

wi th heteroli bhi c

Sandetone. the cored

thi e comm€nc€s, at 9640 feef,

inberbede which overlie the Tirrawarra

aectlon consiete for the moat part of
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contain prominent bedding planee and may repreaent bay or

lake fi11.

llnrawarra 19 (Pigure 15.25) :- the lower part of Pacle¡

Aeeociation 2B haa been cor€dr a t,obal of 47 feet.

At least bwo, poaBibly three, upward-fining aequ€nc€a

ar€ present, containing such featur€8 aa baAaI acour marka,

ri pple marks, planar croaa beddi ng and soft aedi ment

deformatlon. theee ar€ probably poinb bar depoaits. At the

top of the cored section, commencing at about 9067 feeb is

a unlformLy coarae sandstone which may be a channel lag

de pos i t.

Tlrrawarra 28 ( Figure 15.zil : - OnIy 3O feet of Patchawarra

Formation has been cored, this belng from Facies

Àeeociabion 2||. Two upward-fining s€quencsa' comm€noing at

9041 feeb, are present. These exhibit ripple marks, and

furbher uP, bioturbation, and are likely bo be point bar

depoeita. A coarse aand abruptly overlylng the topmost of

theee at 9018 feeb may be a channel lag depoeit-

Tlnnararre 32 (Plgure 15.27) : - 56 feet of Patchawarra

Formation hag been cored, all from the lo¡rer part of Facies

Aaeociation I B. A thin coal band abruptly overliea bhe

coare€ lirra¡rarra Sandstone. Thie auggeeta that, bhe channel

in which the Tlrrawarra Sandebone waa depoeited waa rapidty

abandoned, and a coal Bwamp succeeded it. Above the coal

are thi n alternati ng aandg and mudrocke, po88i bly

Bugg€sting crevasae spIay deposite. Above 9730 feet' mud-

rocka contal nl ng bi oturbatl on featurss and rootlets'

with thtn ooale, probably repreeent a flood plain deposit.
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CIIAPÎBR 5 FACIBS AND FACIBS ASSOCIAlIONS

5.1 PACIBS OF lHB PAÎCHAIIARRA PORXATION

the faciea of a eedimentary unit includea ita

lithology, bedforms and deformation etruoturee. It ie

neceaaary to log

scale in order to

In tlllliams'

rock cores v€ry carefully and on a emall

aaaeaa facies statee

1982 study of GldgealPa Group

codee

cor€r I 9

facies etatea were desaribed. He asalgned

facies atatca and eummarlaed qualitatlvel.y

their occurr€nce in the varioug formationa

bo these

the frequency of

of the Gidgealpa

Group.

In the preeent study, a detailed anal-ya€a of 1199 feet

of Patchawarra oor€ from I 2 of the I 3 cored ¡relle of the

Tirrawarra FÍel.d dieolosed I I faoiee etatec. Core from

Tirrararra 13 was not analyaed for faclee a8 it had not

been aplit and could not be raahed to reveal internal

detail, aince it waB atored 1n cardboard oore tnaya.

Paciee etates ldentifled from core of the 12 wellg

comprised on€ coal, three mudrocke' four eandstones' on€

lnterbedded mudrock-eandstone and two conglomeratee.

A description of these fol1ows. The faciea codeg of

ttitllame ( 1982) have been uaed.

Coal - Faolc¡ C

Pat,ohawarra Pormation

Coal is extremely common in bhe

and aeamB reaoh a maximum thlokneeg
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of 66 feeb in llrrarfarra 11. Thie particular g€am' termed

by Batteraby the Patcha¡rarra Coal Selemic Horizon, 1a fleld

wlde. l¡lore oommonly the aoal seamg ar€ lees than 10 f eet

thIck. They frequ€ntly grade up from, or uP into,

carbonaceouB mudrocke.

The coal faciea conbains plant debris, mudstone bande

and bhin gravel a€ama ( produced by overbank flooding).

Siderlte replacement of coal in the form of pods and banda

ia common, thia belng an early diagenebic phase. Siderite

has repLaced the organic matter in reducing conditions

( Hatch, Raetall and B1ack, I 938 ) .

Some coal-s direcbly overlie non-carbonaceous' well

bedded mudrooke or heterolithic interbede with sharp,

planar contaobs. thi e i mpli ee that these coalg are

allochthonoue. Hilllams (1982) suggeeted that thick

altochthonous coalB acoumulated aa large mabs of vegetation

floating in inberdietributary baya or Iakee. An example

occura in the cor€ from lirrawarra 5 where the Pataha¡rarra

CoaL, at least 60 feet thick, directly overlies hebero-

tit'f¡tc lnterbeds at 9310 f eet ( Figuree 15.12 and 15. 13).

Other coale directly overlie roofed mudrocka and hence

are probably autocht,honoua ln orlgin. For example a coal

bed overlies rooted, maegive mudrock at 9182 feet in

Ti rrawarra 2, Core 2 ( Fi gure I 5. 3) .

Ha¡rlve and Bloüurbated Xudrook - Faoles Pm thie

faciee compriaes a gtructureLeee mudrock of clay or silt

grade, crith no Lamlnation preaerved. the maagive nature of

thle faclea ia produced either by suapenaion eedimentation

from et111ed flood watera, or the deabructlon of any
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laminabion that may have been preaent by pedogenesig and/or

bioturbation. It occurg aB vertical accretlon depoalts in

abandonment fillg and aB overbank or flood basin depoeite.

occurrences of thia faclea are up to 15 feet t,hick' aa

observ€d in cor€. thiak occurrenc€a are commonly found both

low ln the Patchanarra Formation, for example Tirrawarra 5,

core 8, 9875 feet (Figure 15.16), and n€ar the fop of the

Patchawarra Formation, for €xampl€ lirrawarra 2, Core 4,

9690 feet ( Figure 15.5) '

Ftat Lamlnated lludrock - Faolc¡ Fl This mudrock

containe closely spaced bedding planea or laminations Ín

both silt and clay grade. ÍlilLiama (1982) auggegta that

depoaltion ln an overbank, flood baein aettlng is lndicated

wh€r€ thl s faci es representa wani ng flood condi tl ona'

poaaibly following a crevasae splay encroachment into flood

baelne or backsetamps. However bhese mudrocks may alao have

been deposited below wave base in lakes on restricbed aeas'

Thie facies has been found to occur ín a}l parts of the

Patchawarra Pormation in the Tirrawarra FieId, but ie more

common in the top half. It occurg up to 8 feet thick' for

example Tirra¡varra 4, Core 1, 8850 feet (Figure 15.8).

lNavc Rt pplcd lludrook - Facl e¡ Fr thi e f aci ee i a

compriaed of usually etlt grade materlal, with aom€ fine

sand containing atarved rf pples. Ib originatea in a quiet

lake or bay environment, where wind-driven wavea çtênerate

rlpples in the bottom eedlmenba.

llavr RIPPl¡d Sand¡tone
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dominates thie faciee, with mud aleo being

bedding le created by wind driven wav€e in

described above for [lave Rippled ]ludrock.

preeent. PIaser

the envi ronment

lleteroll tht c I ntcrbeda - Faal ea llt Thi s f aci ee

consists of bhin (in the order of cenbimetres) alternating

bande of fine sand or eilt. These bands contain the ripple

etructures deecribed in Fw and Sw. these ripple structures

have been created in the etay previouely deecribed.

Fw, Sw and Hi are commonly found together and occur at

all leveIe of the Patchawarra Pormation.

lla¡¡ivo Sandstone - Faclcs Fm Thie etructureless

Eandetone faciee hae no vieibte bedding planes in the core

examined. Bedforme may have been destroyed by fluid €Bcap€'

auch as occura fn cr€vaas€ eplaya. It ie more common in

coaraê to medium aands than in fine aande. However lack of

bedding in fine gande may be caused by bioturbation.

occurrences of this faciee are up to 18 feeb thick in

cor€, for exampl€ in Tirrawarra 1 , Core 4 at 9010

feet (Figure 15. 1), but ar€ usually much thinner. The

facies 1e to be found throughout the Patchawarra Pormation'

but is mor€ common in the mlddle part.

lrough Croa¡ Brddod Sand¡tono - Faolor St this facies

ie a common bedform of the Patchawarra Formation in the

Ti rrawarra Fi eLd. I t i s found i n the upward-fi ni ng

aequ€ncee rhich ar€ a feature of the middle part of this

formatlon and occurs ln coarse to medium grained eandetone

sedimenbB. tltlliams (1982) conBiderg thig faciea to be the
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producbofdunemigrationunderthelowerflowregime.

Faciec st, hag a maximum thlcknese of three feet ln

cors.AnexampleoccurainTirrawarra2'Core1at9089

feet ( Figure 15.21 .

Planar cro¡¡ B¡ddcd sand¡tono - FaoIc¡ Sp Thia facies

is found commonly among the candabonee of the Patchawarra

Formatlon, particularly ln the middle part of the

formation.ThecroBabedamaybeeithertabularor

aeymptotic, although the latter ar€ not often identified

due to the emall (about 100 mm) crosa secbion r€presented

by the core. The eand ie commonly medium gralned but the

bedform aleo occura in coars€ grained aand.

the faciea sp occura in thicknesses of up to 7 feet. An

example ig to be found in lirrawarra 5, Core 1 ab 91ô5 feet

(Ftgure 15.10 ).

lla¡¡lve conglomerate - Faclc¡ Gm This faciea occura aa

channel Iag, which ln the cor€a examined wa8 invariably

intraformabionalandframeworksupported.Itrepreaents

bracblon load under a htgh fIo¡r regime and provides

infonmation on atream poeter. It more commonly occura in fhe

middle part of the Patcha¡rarra Formation'

Faclea Gm is found in the core in layers up to 3 feef

bhlck. An example of thle facies occurs in Tlrrawarra 2,

Core 2 aI' 9219 feeb ( Flgure I 5' 3 ) '

Chaoülo Conglomcrat. - Paolee Oo thie faciee

comprlaea a matrlx supported conglomerate in which the

clastc congi¡t of ocml-lithtfied to libhtfied infra-
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formatlonal debnis of clay, eilt, fine

coal. the faciee indicates thab material

has suddenly collapsed into the channel'

the channel or channel margin deposita.

common feabure of the mi ddle parb of

Pormati on.

thicknesses of up to 5 feet are found

example occurri ng i n Îi rrawarra 3, Core

( Flgure I 5. 6 ).

grai ned eand or

from the cut bank

to be engulfed by

this facies ie a

the Patcha¡rarra

in the core¡ âD

I at 91 90 feet

5.2 FACIBS ASSOCIATIOIIS OF lHB PAlCIIATIARRA FOR}IATIO rl

I ntroducfl on

Facies Aesociatione have been conatructed, uaing aa a

guide the Patchawarra Formatíon aub-units of l(apeI (1972r,

bhe divielone of Batt,ersby (1976) and the faciee

aesociations of HilIiams (1982). (see Chapter 2 r.

Three Facies Associabions have been created, two of

which have been gub-divided. Facies Aseociations 1A and 1B'

the Iower mogtr together correapond ¡rith lliLliamg' Paciea

Association I or Rapel's and Batt,ersby'e Ioner divlgion.

Faciee Aseociationa 2^ and 28, taken togefher' are

eesentially identical with tlillfams' Pacies Aseociation 2

or t(apel. a and Battereby's middle divlsion. Faciee

Association 3, the upp€r mostr corr€sponda ctith tlilliams'

Faclea Aaaociation 3 and with the uppsr divislon of l(ape}

and BattersbY.

Boundaries between the Pacies Associatione in thie

study have been set by lithological markers. It útag found

however that only 9 boundari es w€r€ preaent I n the

corea examlned, the remainder of the boundarlea for each
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cored erell being in cor€ breaka. It wae bhus n€c€aaary to

ldenbify geophyeical patterns from gamma and aonic loga

corr€sponding to the eelecbed llthological boundary markers

uelng methods described under Core Inveabigation. thus

boundaries have been determined for the Facieg Associatione

not only in the cored wella cthere boundaries ar€ in core

breaks, but also i n the 49 ¡re11g ¡rhere no Patchawarra cor€

waa taken. A summary of the Paciee Aasociatione, bogether

wíth defined boundariea, is ahown in Figure 16' but more

explanation ie neceaaarY here.

The baee of Faciee Aeaociation I A ( or of Facies

Aseociabion 1B if 1A ie absent) corresponda to the base of

the Patchawarra Formation and the top of the Tirrawarra

Sandatone. Ît ie to be found in lirrawarra 5, Core 8 at a

depth of 9902 feet ( Figure 15.16 ), and is marked by a

change from the thick, coara€ sands of the Tinrawarra

Sandetone to ehale of the lower part of the Patchawarra

Formabion, with a correaponding increas€ in gamma log

readlng above 100 A. P. I. units. thia boundary haa aleo been

cut by lirratrarra 12, Core 3 at 9846 feet (Flgure 15.20 )

and by TirraÍrarra 32, Core 2 at' 9760 f eet ( Figure 15.27 ).

In the latter caa€ coal overlies the Tirra¡rarra Sandstone.

The top of Facíee Association 1A corresponde with the

top of a sandstone unit at leaeb ten feet thick' the base

of whlch is ¡rithin 50 feet of bhe top of the lirranarra

Sandetone. This boundary hae been cut only by Tirrawarra

12, Core 3 at 9832 feet (Pigure 15.20 ). Thls core hae not

been sptit, ao internal detaile ar€ hard to aBc€rtain.

However from interpretation of g€ophyaical logs, the

boundary appeara to be the top of a coaraening up aequencs.
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FACIES ASSOC.
3

TOP OF TOP COAL
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GREATER THAN 1O FEET
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2B

TOP OF
PATCHAWARRA COAL
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2A

BOTTOT OF LOWER COAl
GREATER THAN CFEET
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1B
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The top of Paciee Agsociatíon 1B and the base of Facies

Association 2A correaponds with bhe bage of the lowermost

coal of the Pabchawarra Formation, which has a thicknegs of

at leaet 6 feet. Thi s boundary i e unfortunately not

repr€sented in cor€, and ao haa been defined entirely by

geophysical interpretation. However an €xamination of the

two crosa aecbi ons ( Pi guree 17. I and 17 ' 2 ) of

gamma ray and sonic logs along and acroaa the structural

brend of bhe field, showg bhab the boundary ie a reliable

field wide marker.

the boundary between Faciee Associations 2A and 2B has

been defined aa the top of the Patchawarra Coal. If hae

been cut by Ti rrawarra I , core I at 9025 feet

(Pigure 15. I ), Tirrawarra 3, Core I at 9239 feet

(Figure 15.6 ) and by Tirraf.rarra 5, Core 4 at 9219 feet

( Figure 15.12 ). Ae previously mentioned, the Patchawarra

Coal is a thick, field wide marker' which is also present

on seismic profilea. The top of bhe Patchawarra Coal is

clearly repr€aenbed in wella wh€r€ no core has been cut' by

a Budden drop in sonic count below 9O microgeconda per

foob. the boundary is visible in the bwo croga sections

(Figures 17.1 and 17.2 )'

The top of Faciee Asgociatíon 2B and the base of Paciee

Asaociabion 3 i8 defined aa bhe top of the top coal at

Ieasb 6 feet bhick, within the Patchawarra Format'ion.

Unfortunately this boundary hae not been cub by any cores'

so has also been defined by geophysical means. Examination

of the b¡ro croaa aectlons showg that this boundany is also

a nell defined field wide mark€r (Pigur€8 17.1 and 17.2 ).

the top of Faciee Aeeociation 3 ie alao the top of the

39



¡tnn. t , Ítna. a3 fnn. ao ftnñ. 26 ftaa. l6 tßa. t6 Íßn. 2e fraa. 4a Ínn. te Ínn. a

s.s.w. + * * * * * * * + * N.N.E.

T

FBET iIURT. iruRl. rE ET

s I E
0

o

lo0

20

r00

I T¡RRA.
ssT.

I

I IA

I IA
PATCHAWARRA FORMATTON

TItrRAWARRA FIELT'

s.s.w.-N.N.E. CnOSS SECTION SHOWING

FACIES A9SOCTATIOIY THICKNESSE9

( Dlrtanoo bctwaen wall! not to ¡cale I

1100
too

OORE ¡ÍI'XBER
TTRRA.
ssT. t 1200

1200

FIOURE 17.7

S.Konnedy. f987

2

t

17.1



RAK.l ÍtRR- 12 TtnR. t 3 ÍtnR.35 Ttnn. I TtnR. 3 t TrRA. 61

I'[¡.N.f¡[I. E.S.E.
* * * * * * *

FEET MURT.
SHALE

MURT.
HALE 0

100 3 3 100

200 200

2B
800 00

¡100 400

600 600

600

700

800

900

1000

I

I

TINRA.
ssT. ¡ ¡ TTRRA.

ssr.
1 I

PATCHAWARRA FORIIIATION

TIRRAWARRA FIETD

w.N.w.-E.8.E. CROSS SECIION SHOWING

FACIES ASSOCIATION ÎHICKNESSES

( Dlstance between welle not to scale )

CORE NT'UBER

FIGT'RE 1?.2

I
¡ II ¡

¡

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

¡

¡

I

2f

I

¡

I

I

I

I

I

I

I

I

¡

I

I

I

I

¡

¡
6

I

I

I
2B

¡

I

I

¡

¡

I

¡

I

I

¡

¡

I

I

I

I

2A2A

I

I

I

I

I

¡

I

I

¡

¡

¡

I

I

I

I

¡

I

I

I

I

¡

¡

I

I

I

IB1B

I

¡

¡

I

I

¡

I

I

I

I

I

I

¡

I

I

-ô

5

G

S.Kennedy,1987

FIGT'RE 1?.2



Patchawarra Formation. It has been cut by Tlrrawarra 4,

Core I at 8833 feet ( Fi gure 1 5. I ) . Here heteroli thi c

i nterbeds of bhe Patchawarra Pormation are overlain by

weIl bedded ahal€a of the Iacuetrine llurter€e ShaIe. It ie

obaerved that the Hurter€e Sha1e has a gamma count of about

17O A. P. I. ¡rhich ie high compared to that of the underlying

Patchawarra Formabion. Thie trend occurB field wide ( see

Fi guree 17 . 1 and l7 . 2 ) makl ng thi s boundary eaay to

identify.

Core m€asuremente have been made of the total footage

of each previously deecribed facies etabe occurring in each

Facies Aeeociation. Theee m€asurementg have been converted

to percenbage occurr€nc€ and are summarised in Table 3 ( eee

liet of lables ). It is recognieed that cores ar€ not

randomly cut in cored wells and 8o the p€rc€ntag€ of facies

obeerved in weÌl cor€8 may not accurately reflect the

percentage i n each Faci es Aesoci ati on fi eld wi de.

Nevertheleas the p€rcentage of faciee obaerved in cores'

and particularly their iuxtapoaition, can offer some clues

a8 to the envi ronments of deposi ti on of Faei ee

Aesociatione. The Pacfee Associations will now be diecueeed

i n detai 1.

Faoles Aaeoolaülon I A

thi e Aseoci ati on

Tirrawarra FleId, being

occura intermittentlY acroaa the

idenbified in 20 of the 62 ¡relle

( Figure

Fac i es

( Fi gure

The

18). Only two cor€s contain strata belonging to

Aseociation I A. Theee are Tirrawarra 5, Core I

15.16 ) and Tirrawarra 12, Core 3 ( Figur€ 15-20 ).

cor€ from Tirrawarra 5 was cut too lo¡r to intereect
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bhe thick sandetone by which the Facies Association ia

defined. Only ahales, thin coals and thln aandstones

immedlately overlying the Tfrrawarra Sandstone w€r€

lntersecbed. the thick sandetone from Pacieg Aseociation 1A

1n Tlrra$taFra 5 has been identified by gamma Iog

i nterpr€taÈi on-

In Tirrawarra 12, Core 3 (Pigure 15.20 ), the Facies

Aseoci ati on I A sandstone Í s 7 feet thi ck from core

investigation but I 0 feet thick from gamma log

interpr€tation. the latten is probably more accurate, since

the cor€ had nob been eplit and aome of it may have been

missing, thus lithological features were hard to identify.

The çtamma log profi Ie suggests an upward coarseni ng

sandetona. thia may be a ehoreline sand.

Bxamination of wireline Iogs from wells intersecting

Faci ee Aseoci ati on I A shotrs gramma ray responaea that

indicabe the presence of upward-fining, blocky and upward-

coara€ning sandstonea up to 22 feet thick (Tirnaerarra 39 ).

The moet common type is upward-fining, Buggeating point bar

depoei te.

It ls possible that Facies Assooiation 1A 1s equivalent

to the lloorari Beds defined by KapeI 119721 and diecuseed

by Htlliams ( 1982) . Kapel ( 19721 considered the l,loorari

Beds aa belonging to the basal Patchawarra Formation' but

Hillians (1982) sbated thaf Goetin (1973) may have aecribed

them bo the upp€r part of the Tlrrawarra Sandetone.

Paciee Aseociation 1A reachee a maximum thickness of 59

f eet at Îi rrarrarra 4L i n the ¡reet-central part of the

fi el d.
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Paol es Aaeoci atl on I B

Thie Aegociation occurs in all 62 nelle of bhe

Tinrawarra Pield. It has been intersected by corea from 5

of the I 3 cored wells. Paciea Aseociatíon 1 B directly

overlies the Tirraerarra Sandstone rhere Pacies Aesociation

1A is absent.

I n Ti rrawarra 2, Cores 3 and t

(Pigures 15.4 and 15.5 ), 120 feet of Pacíeg Assoclation 1B

i s r€prea€nted. llost of t,hi s consi ste of mudrocks, notabLy

facies states Fm and Fw, although Fl ia aleo present. Some

thin coals directly overlie mudrocke. Fine nippled and

maesive eandefones overlie the Fl and Pm facies in several

upward- coars e ni ng a eq u€nc€s.

In Tirrawarra 11, Core I (Figure 15.17 ), 53 feet of

Faciee Associabion IB has been cub. this directly overLiee

the Tirrawarra Sandstone. Three smal1 upward-coaraening and

one upward-fining aequenceB ar€ preeent. thin coal bands

also occur. Fm is the moet common faoiee state.

Just 9 feet of Paciee Assoclation 1 B has been

i ntereected by 1i rraetarra 12, Core 3 (Figure 15.20 ). ThÍs

hae been tentatlvely logged aacore has not been eplit, but

Fm, overlain by a thin band of

In Tirrawarra 17, Cores 1

feet of Facies Association I B

heteroli bhi c i nterbede.

carbonaceous shale and coal.

and 2 (Ptgure 15.24 ), the 23

coneiete almost entirely of

lirra¡rarra 32, Cores I and 2 (Ftgur€ 15.27 ) has cut 5¿

feet of Facies Associabion 18. thie conaists mainly of

faciee Pnì, but aom€ coare€r facies (notably Sw), and aleo

coal ar€ preeent. No upward- coara€ning or upward-fining

aequences exiab ln this cored sectlon.
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Faoi ee Associ ati on I B I e the thi ckeat of bhe Paci eg

Aeeociatione described. It reaches a maximum thlcknees of

456 feet ln Tirrawarra 11 at the gouthern end of the fietd

and thins out to a minimum of 241 feet in llrrawarra 13

n€ar the contr€ of the field ( Figure 19.1).

Sand percêntages and total sand foobagea of this Paciee

Assoclation and aleo Faciee Assoclationa 2À' 2B and 3 have

been caLculated for €ach well after uBlng a aut-off

obtained from core and gamma log param€ters described under

Core Investlgablon.

The hfgheeb log aand p€rc€ntage in Faciee Aesociation

1B ia 35. I p€r cent in Tirrawarra llest 1| whiLe Rakoona I

containa bhe maximum çrroaa aand footage t ith 132 feet. The

lowest aand p€rc€ntage ie 8.2 p€r cent in Tirrawarra I

which aleo has the minimum of 28 feet of groaa aand

( Piguree 19.2 and 19. 3 ).

Faci es Associ ati on I A and I B may hava been depoei ted

in an environment varying ín time from lake (or reetricted

eea) to upp€r delta platn in characber. Some fine sediments

are interpreted a8 lake fill ( Pigure 15.4, 15.5). Upward-

coaraening eandstonea may r€Pr€aent shoreline sande or

cr€vagae BpIay deposlta (Figure 15.16). thue it is likely

thab euatatic aea levela etere high at aome stag€a. However

upward-flning sandatone aequ€nc€a ar€ interpreted aa point

bar deposite. A combination of upward-fining and upward-

coarsening eand bodiee ia responalblê for the high sand

percenbage at the southern end of the field i n the

Tirrawarra 5 and lirrawarra 39 ar€a (Figure 19-2).
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Faol¡¡ A¡¡oolatlon 2^

This Faciea Aaeociatlon equates to the lower half of

llilllams' ( I 982) Facles Aeeoolation 2. It occurs fleld wide

and ie lntereected by cor€s from lirra¡rarra 1, 2, 3 and 5.

In Tlrrawarra 1, Coree 4 and 5 (Figure 15.1 ), the 27

feet of Facies Ageociation 2A core conaiets entirely of

coal, which repreaenbe the Patchanarra CoaI.

Core 2 from lirrawarra 2 (Pigur€ 15.3 ) consiete of ¿5

feeb of Pacies Aeeociation 2A. 12 feeb of flat laminated

mudstone, capped by coal, ia overlain by three auccessive

upward-f i ni ng a€quenc€a, tHo of ¡rhi ch commenc€ ¡ri bh massi ve

congLomerate. theae conglomerabee pao8 up into masaive and

wav€ rippled sandstone, and in the caa€ of the bopmost

a€qu€nce, gradea up tnto maesive mudstone and coal.

In Tirra¡rarra 3, tcto eeparate corea have been cut in

Facies Aseociation 2A. In Core 2 (?igur€ 15.7 ), a section

of 50 feet, PIanar crosa bedded and maseive eandstonee

abrupbly overlie a bhick coal. The sandetone then grades up

into a masgive mudetone whlch ie gradually replaced by

carbonaceoua ehale and thin coal. thie upctard-fining

a€qu€nce ia then overlain by another thin uPward-fining

sequ€nc€.

In Core I (Piguro 15.6 ), 9 feet of Patchawarra Coal

repreeente Paciee Aeaociablon 24.

In Tirrawarra 5, Cores 0 to 7

( Plguree 15.12 to I 5. I 5 ) ' I 96 continuoug feeb of Pacleg

Aegociatlon 2A is featured, and this repr€sents all but the

lower 2l feet, of thls Paciee Asaociatíon. the cored eection

comm€noec wlth heterollthic lnterbede which ar€ overlaln by

maselvc mudatone, then e thick ooal bed. An upward-fining

44



sequenc6 followe wi th masai ve eandgtone gradually 9i vl ng

lray to maaeive mudatone. Pollowing thle, a coara€ and thick

masci ve eandatone, contai ni ng thi n chaoti c conglomerate

Iayers haa been depoaited. Several truncabed upsrard-fining

sequ€ncea follow, containing featurea euch aa planar and

trough cross bedding, ripple marks and chaotlc

conglomerafe. The top upward-flninft aequenc€ is overlain by

the thick Patchawarra Coal.

Facies Aegociation 2A has a maximum thickneee of 245

feet in Tinra¡rarra 11 ab the southern end of the fleld and

ln lirrawarra 44 in bhe central- weet part of the field.

The minimum thickness is 129 feet in Tirrawarra 6 at bhe

northern end of the field (Figure 20.1 ).

the higheat log sand perc€ntage is 40.0 p€r cent in

Tirrawarra 5 af the southern end of the field, and thle

well alao containa the maximum groaa sand m€asurement of 88

feet for Facies Aseocíation 2A. Tirrawarra 56 in the

central part of the field has the minimum of ¡û feet of

logged aand, or 2.6 p€r cent for bhis Pacies Aeaoclation

(Pigures 20.2 and 20.3 ).

The lower parb of Pacies Aeeociation 2A may have been

depoaited in an envfronment with relatively high euatatic

water Ievele, aa suggested by lake fill depoeite and

cr€vasae eplay deposi te i nterpreted from ganma ray

patterna. Unfortunately only Tirrawarra 5 hae core from

thla horizon ( Pigure I 5. I 5).

However the fop half of Facies Aeaociat,ion 2A contains

many upward-fining aequences aa observed in core and in

gamma ray patterno in composibe logs. Thig auggeeta that

polnt bans r{€r€ depoeited by meanderlng atreama durlng r
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mari n€ ( or lake) regresei on. Faci ee Aasoci ati on 2^

culmi nates i n the Patchawarra Coal, i ndi cati ng a Iarge

awamp covered the area, and perhaps Euggesting a euebatic

sbill-etand.

Faclea Aecoclation 28

Thi s Faci es Àssoci ati on i s equi valent to the top half

cont i nuousof Williame' (1982)

acroas the fi eld.

Tirrawarra 1, 2, 3,

weIl represented.

In Tirracrarra 1

Facies Aseociation 2, and is

It has been

4 5, 12, 13,

Core 4 ( Figure 15.1 ), 28 feet of the

lower part of Facies Association 2B is present. Thie

comprises thick, mainly maeeive sands. An upward-fining

aequenc€ occure at the toP of the cored section.

Tirrawarra 2, Core I (Pigure 15.2 ) contains 60 feet of

Facies Association 28. Three upward-fining sequencea are

present. The 1o¡rer one, which is 40 feet thick' commences

with a masaive, medium grained sandgtone containing chaotic

conglomerate. This unit is succeeded by a planar croas

bedded sandsbone, then trough croae bedded sandstone' wave

rippled sandstone, flat laminated carbonaceouB mudstone and

finally coal. The other two upward-fining sequenc€a are

much thinner, beíng 12 feet and 6 feet thick reapectively.

In Tirrawarra 3, Core I (Figur€ 15.6 ), 51 feet of

Pacies Aesociation 2B ie represented. The cored section

directly overlies the Patcharùanra Coal of Facies

Aesociation 2A. It comm€nc€8 with a 7 feet thick upward-

coaraening s€qu€nce where maesive mudstone gradually gives

way to massive fine, nt€dlum then coara€ sandetone. This

intensected by con€s from

16, 19 and 28 and ie thus
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aequence ís then ov€rlain by four upward-fining s€quenceB'

and in aIl of these, magsive sandstone is gradually

replaced by massive mudstone. Coal is pnesent at the top of

bhe middle upetard-fining aequence.

In Tirrawanra 4, Core 2 (Fígur€ 1 5.9 ), 34 feet of

Facies Aaeociation 28 has been cored. The section

repreaented commences wibh a flat laminated carbonaceoua

mudstone, which ie overÌain by a thin Iayer of chaotic

conglomerat€, then a 10 feeb thick coal. This in turn is

overlain by masaive carbonaceoua sandstone which develops

i nto an upward-fi ni ng sequencer passi ng i nto flat Iami nated

mudstone, then coaI.

Facies Association 2B is ¡rell represented in the cor€

f rom Ti rrar{arra 5, wi bh a tot,aI secti on of I 38 f eet of

conti nuous core bei ng present i n Cores 2 and 3

( Figures 1 5. I 1 and 15.12 ). The base of the Pacies

Aesoci ati on commenc€a wi th heteroli thi c i nterbedg. Theee

are overlain by about 25 feet of coarse grained sandstone

which containg planar cross beds and !úave ripples. Three

upward-fining s€quenc€a follow, the central one commencing

with massive conglomerate. Not far above the third upward-

finÍng sequenc€r two bhin upward-coarsening s€quencea

occur. FÍnalIy at the top of the cored section, an 18

feet thick up!ûard-fining sequence is overlain by a 17 feet

thick coal aeam containing some carbonaceoua shalee.

Tirrawarra 12, Cores I and 2 (Figures 15. 18 and 15. 19 )

contain 64 feet of Facies Associabion 2B- As previously

mentioned, the cores had not been split' and internal

details are hard to determine. Examination of

corr€apondfng gamma ray Ioga suggeste the pr€aence of at
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least three upward-fining a€quenc€8.

the aam€ eituation existe for Tirra¡ùarra 13' where 94

feet of unsplit con€ of Faciee Aesociation 2 from Cores 1,

2,3, 4 and 5 ia preaent (Figuree 15.21 and 15.22 l. Three

upr¡rard-fining s€qu€nces have been tentatively identified

from gamma log Patterns.

In Tlrrar{arra 16, Cores I and 2 (F igure 15.23 ) ' 55

feeb of Facies Aaaociation 2B is repr€sented. An upward-

fining aequ€nce, containing ripple marke in the central

part culmí natee i n a carbonac€oua ghale' Above thi e'

another up¡tard-fining s€quence is abruptly overlain by a

coarse eandatone about 15 feet thick. This sandetone is

itself overlain abruptly by a ¡veIl bedded, carbonac€ouB

s haI e.

The Iower part of Facies Association 2B ia represented

by Cores I and 2 ol Tirrawarra 19 (Figure 15.25 ). 47 feet

of oor€ ie preeent, bub it hae not been aplit. T¡ro upward-

fining aequ€nc€a occur. In theee, rippled and maeeive

gandstone arê overlain by navê rippled mudetone'

Tirrawarra 28, Core I (Pigure 15.26 ), containe 30 feet

of Facies Aeeociation 2f . T¡ro upward-fining aequences are

preaent, i n cthi ch sandstones gradually gf ve way to

mudetonee. The topmost sequ€nce ie abruptly overlain by a

thin conglomerate and coars€r maasive sandstone.

Facies Aesociation 28 is thickeet at the eouthern end

of bhe field with 23O feet in lirrawarra 11 and thinnest in

the central-wegt parb of the field with 132 feet in

Tlrrawarra 4 ( Pigur€ 21.1 ).

Sand p€rc€nbagea ar€ highen than in Paciea Aesociation

2I, but thle ia in parb an arblfact due to the fact that
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the thick Pabchawarna Coal is included in 2A but

The maximum sand pêrcentage recorded r{aa in

central fi eld wi th 61 . 5 p€r cent I n Ti rrawarra

greatesb, Iogged gross sand thi cknesa was 1 1 4

Tirrawarra 17 on the easbern extnemity.

A minimum percentage of sand, 18.7 per cent,

the south i n Ti rra!úarra 11 , whi 1e Ti rrarùarra 17

central-east and Tirrawarra 55 in the gouth-wegt

not i n 28.

the east-

45. The

f eet i n

occurs i n

in the

have only

31 feet of groae sand each. (Figuree 21.2 and 21.3 ).

In conclugion upward fininçt sandetonee are dominant in

Facies Aeeociation 2B and this suggeste deposition from

meandering streame. The environment eraa probably that of an

upper delta plain, wibh relatively low eustatic water

IeveIs.

the bhick sandstoneg of Facies Agsociatione 2A and 2B

form bhe principal gas r€Bervoire of the Tirraerarra FieId.

Pacleg Asgoclation 3

Thig Facies Association equabes ¡rith Hilliams' ( 1982,

Facies Association 3. It has been intersected in core from

Ti rra¡{arra 4 and 5.

In Tirrarùarra 4, Cone I (Figure 15.8 ), 27 feet of

Facies Aseociation 3 is present. thie consiets almost

entirely of mudrock. Some is well bedded, but other parts

ar€ bioturbated and structureless. Heterolithic interbeds

ane preeenb at the top of bhe Facies Association and theee

ar€ overlain by the 9reV, well bedded ìlurt€ree Shale.

Tirrawarra 5, Core I ( Figure 15.10 ), contains 30 feet

from the middle part of Pacles Association 3. Two small

upward- coarseni ng aequ€nc€a ar€ overl.ai n by erave ri ppled
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and maaaive mudrock.

Faci es Associ ati on 3 i e domi nated by mudrocke. The

Associ ati on thi ns progresel vely from eouth to north, the

maxi mum thi cknegs bei ng 226 feet i n Ti rrar{arra 55 i n the

eouth east and the minimum thickneee being 136 feet in
Tirrawarra 6 in bhe norbh (pigure 22.i ).

Logged sand percentages ar€ rerabively row, compared

to Facies Aseociations 2A and 28. Tirrawarra Hest I showe

the maximum at 40. o p€r cent and also the maximum grosa

eand of 80 feet. Tirrar{arra 15, in the centre of the

field, has only 3.9 p€r cent of sand with 6 feet of
gross sand (Figuree 22.2 and ZZ.3 ).

upward-fining a€quences are much rese common in Facies

Association 3, the dominant rithology being of fine grained

and heteroli thi c unl ts. These w€re deposi ted duri ng a

marine transgr€aeion which continued during the deposition
of the overlyi ng llurt€r€e Shale.
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CHAPTER 6 DBPOSITIONAL AND SÎRUCTURAL HISTORÏ

6. I Introducblon

In the Tirraerarra Field, the Patchawanra Formabion

rangea in thicknees from 1112 feet in lirrawarra 11 to 721

feet in Tirraúrarra 13 (Figure 23. 1). Thie hag been

depoeited over a total time apan of about l0 million yeara

( Fi gune 3) . Thus bhe neb sedi mentati on rate i s extremely

loil, being only 0.1 feet per thousand yeara in Tirrawarra

11, where the greatest accumulation occurs. It is apparent

though, by necognition of sedimentary facies and structures

obeerved in the core, that sedimentation ratee rùere at

timea several orders faeter than thie. Such facies and

structures include massive conglomenates and upward-fining

(point bar) a€quences.

Hhy then ie there an apparent anomaly between estimated

net sedimentat,ion rates taken for the Patchawarra Formation

as a whole, and rates for small samples of bhe Patcha¡larra

Formation aa estimated in cor€? Thie enigma is not unique

to the Patchawarra Formabion and has been digcuesed by

Belouesov ( 19621 who pointed out that bhe dietribution

patterna of sedimente in bhe geologic column ar€ at

varí ance wi th bhe di sbni buti on patt€rna of recent

eedimente. For exampLe in recent sediments, the thicknees

of sedimentary accumulations ls dependent on facies, but in

ancient sediments the thicknegses ar€ independent of

facies. Beloueaov atated that by far the mosb common types

of conti nental faci ee i n the geologi c a€cti on are those

from ooaetal alluvial plalne, which ar€ only alightly
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elevated above aea rever. Thi a courd nerl be the
envinonmental scenario during patchawarra time except bhat

an inland aea r{aa posaibry the rocal baee level. rn these
areaa of lon relief very gentle gradients exist. Stuart
(1976)' in discuseing the sedÍmentorogy of the Toorachee

Formation, which ¡ras raid down in a broadly eimilar
envi ronment to the patchawarra Formati on, etated that
gradients probably did not exceed on€ degree during
deposition. rn such conditione of low relief, with streams
( not nec€asarily individual streams) acting ov€r a rong
period of time, the sediments deposited are going to be

eroded, transported and re-deposited over and ov€r again.
Beloussov ( 1962) discussed ancient deltaic sedimenta on

the western sropes of the urals. rnitialty many atreams

flowed acroas the coastal plain, reaving sediments in a

comparitively small area, but channele migrated across the
plain redistributing sediments over a large area.

"rnitially the sedimentary material waa deposited unevenly,
and the distribution of its facies naa irregular; the
coarae and fine materialg had not been compretely sorted,
and because of the bemporary positione of the channers,
sr€re pi led i n heaps and ei nuoue bands. But aa thei r
channers were diaplaced, the rivers rewaehed their or,rn

deposi ts agai n and agai n, correcti ng the local
irregularities in the dietribution of craetic material.
such rewaahing sras promoted by oscillatory crustal
movements, di splaci ng the boundary of eroei on and

transforming the same region into a zone of redietribution
and vice v€raa. As a reault, regular distribution of
material $raa achieved f n wide zonea containing sedlments of
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decreasing grain sizeg in accordance with bhe dlstance from

the boundary of erosi on. The accumulation of large

thicknesees ie only poaaible during the subsidence of the

cruet. As a result of bhis subsidence' redistributed

sediments with an averaged and eimplified disbribution of

facies will be fixed in the geologic section' after being

cov€red by more recent sedim€nts. " ( Beloussov, 1962 p. 25O-

251). This workêr's ideas are summarised by his disbinction

between bwo phenomena. " (1) Deposition :- an initiaL

phenomenon of short duration.

(11) AccumuLation:- a Prolonged

phenomenon fixing the sedimentary material in the geologic

section. " ( Belouasov' 1962 p- 267) .

It is noet relevant to examine the diebribubion patterng

of Pabchawarra Formation sediments (and to a leseer extent'

lirrawarra Sandstone) in the Tirrawarra PieId, and the

relationship of bhese patberns to the structure of the

fieId. Figure 29 (Encloaure) incorporateg other figures

deecribing bhe etructure, thickness, eand thickness, aand

p€rcentage and porositles of the different Paciea

Aseociatione. This figure should be referred to in the

followi ng di ecussi on.

6.2 Tlrrawanra Sandgbone

Eustatic naber levele r{€re probably relatively 1ow.

The etructure contour map of Top Tirra¡ùarra Sandstone

( Figure 24.1, indicates that the dome structure ie centred

around Ti rra¡rarra I 3. thi e area i n Îi rra¡rarra Sandetone

timee was probably slightly higher than the aurrounding

areas when braided or meandering gtreame w€r€ sweePing back
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and forth, depoaiting and rer{orking thein Ioads. Thus one

would expect more eroeion and/or non depoaibion in the

Ti rrawarna I 3 vi ci ni ty than I n the aurroundi ng areas whi ch

were subsiding at a stightly faeter rate. this is

confirmed by the facb bhat the Tirrawarra Sandstone has a

field minlmum thicknese of 65 feet in Tirrawarra 1 3

( Pigure 261 .

A major normat fault has displaced the Tirrawarra

Sandstone and may have been at least episodically active

during the deposition of this unit. It is shown on the map

of Top Ti rraetarra Sandstone Strucbure Contoura

( Figune 24.1r. The fault ie inferred both from seismic and

well interpretation and its extension has been traced at

Ieast 30 kilometres north north-east of lirrawarra PieId

(Figure 25, after Delhi ). the fault has a throw of about

100 feet at the southern end of bhe field and 150 feet in

the north. the western block has been downthrown. The

eastern block includee the top of the dome which is centred

on lirrawarra 13. Intermittant vertical movement along this

fault plane during this bime may at least partly explain

the distribution of Tirrawarra Sandstone.

In places there has been a grreater accumulation of

Tirra¡rarra Sandsbone, immediately west of the fault Iine

than to the east (Figure 26r. For example Tlrrawarra 12 has

31 feet mor€ of Tirrawarra Sandstone than does Tirrawarra

13, lesg than on€ kilometre awaY oå the

Tlrrawarra 38, sreet of the fauIt, has a

feet greater than its n€ar€st neighbour

block, Tirratrarra 23, 600 metres to the

upthrown block.

bhickness of 21

on the upthrown

east. Îi rra¡rarra
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Sandstone, the second hi ghest accumulati on for the fi eId.

These fi gurea auggest that the fault was acti ve duri ng

deposition and that streams ehed their }oad to form a wedge

shaped deposit on the downthronn block in the manner

described by Rust and Koster ( 1979). The inregular pattenn

in other parbs of the field can be explained by erosion,

reerorking and redeposition during bhe on€ to three million

years of accumulation.

6.3 Faclee Aseoclatlona 1A and lB.

Euetatic water tevels had risen during early

Patchawarra ti mee. The ar€aa around Ti rrar.tarra 1 3 conti nued

to subside faster tt¡an this centre as indicated by the

distribution of thick channel sands, of Facies Association

1A (Figure 18) around the flanks.

Subsidence Í{as slower in the Tirrawarra 13 area, in

comparieon to the surrounding area during deposition of

Facies Association 18, aa may be seen from Figure 19. 1,

Facies Associabion 1A and 1B Isopach. The main north-south

fault wae still active in early Patchawarra timee, âIthough

its ínfluenc€ r{aa reduced in the southern part of fhe

field. North of Tirrawarra 57 thicker accumulations of

combined Pacies Aesociations 1A and 1B occur on the

downthrown block compared with bhe upthrown block, thue

structural growbh ie occurring. It is observed here bhat the

field minimum of 241 feet occurB in Tirrawarra 13' whereas

Tirrawarra 12, Iess than a kilometre to the weat, has 403

feet of Facles Associations 1A and 18.

the digtribution of sand percenbage ( Figure 19.2) and

totat sand isopach ( Figure 19.3) appears to be at leaet
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partly i nfluenced by structure. there is a low sand

percentage on

the upthrown

Iikely due to

ground to

pe rce nt age

Howe ve r

the downthrown fault block,

block ( north f rom Ti rra¡rarra

compared wi th

38). Thie is

the winnowing out of

the west Ieavi ng

on the high block.

an anomalously high

Faci es Associ ati ons

bhe fines onto bhe

relatively higha

low

sand

isopach

i n bobh

for

sand p€rcentage and sand

1A and 1B combined, occurg

Rakoona I on the westernTirrar.rarra Hest 1 and

extremity of the field. Theee sands may be delta

shore line sands. Examination of bhe HNH-ESE crosB

front or

section

pab terns(Figure 17.2,

which indicate

also

there

Enclosure), shows gamma

are two thick sandstones

rog

in Rakoona 1,

centred on 961 0 feet and 9735 feet. Theee have no

correlates in Tirrawarra l2 or in other wells further east

on the cross section. these two eands have a "blocky" gamma

log pattern, quite unlike the upward-fining pabtern shown

further east i n thi s Faci es Asgoci ati on. Thus i t i s

poasible there ¡r€re shorelines in the weetern part of the

field at this time.

6.4 Pacles Asgoclatlon 2^

It is observed from of Paci es

great,est at

Ti rrasrarra

1)

field with 245 feet in

11, and least in the north with 129 feet in Tirrawarra 6.

There is also a major depocenbre, aligned north-south

and coinciding with the do¡lnthrown block immediabely west

of the fault line. Thie implies that the fault wae

reactivated for much of ife length, at least up until the

comm€ncement of deposition of the Patchanarra Coal and

the isopach map

that deposi ti on i gAssociation 2A (Figure 20

the soubhern end of the
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atructural growth occurred in this trough.

there appeara to be no relationship between iaopachs on

the on€ hand (Figure 20.1) and botal sand ieopachs

( Pigure 20. 3) and sand percentage ( Figure 20.2) on the

obher. Looki ng at the f i eld as a whole ( Fl gune 20.'1, the

thicker occurrenceB of Faciee Association 2A in the south

may suggêat greaber eubsidence there oompared with the

north, although the proximity of aource material may be a

fac b or.

llogt eand waa probably deposi ted from meanderi ng

streams during this time, â8 indicated by upward-fining

gamma log patterna. However aome of the lowermoat sands of

Facies Association 2A have blocky or upward coargening

patternB, implying a shoreline or delta front environment

of depoeition. An example is in Tirrawarra 48' centred on

9260 feet (Figure 17.1, also Enclosure). this would suggest

bhat eusbatic water leveIs were still relatively high but

falling in early Facies Association 2^ time-

The distribution pattern of the Patchawarra Coal' which

forms bhe top part of Faciee Aeeociation 2À, deserveg

separat€ consideration. Floree (1983) has eetimated a peat

accumulation rat€ of 0.5 feet/ century (0.15 m /cenbury)

for the Palaeocene temperate climate coals of the Powder

River Basin. Thia rate could be coneidered for the Permian

aleo depoei ted

alterati on to

Pormation coals which n€re rn a

coaI,

I 963).

Patchawarra

cool climate

compacts bo

The average

( Frakes, 1979) .

about 20 p€r cent

bhi cknese of

Peab,

of its

on

Ti rrawarra

depoai ti on

Field is 50

time of 50

vol ume ( Hil1e,

c oaIthe Patchawarra i n the

feet and, using the above figures, a

O0O y€ara ie eetimated. thie is only
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a amall fracti on of the I 0 mi Ì1i on yeare of accumulati on

for the whoLe of the Patchawarra Formation.

Desplte this short, time of Patchawarra Coal

accumulation there is evidence bhat strucbural growbh has

occurred. On exami ni ng the Patchawarra Coal i sopachs

( Figure 27, a clear pattern emergea. There is a thinning in

the Patchawarra CoaI from south¡reet to northeast. Thig

impties that the rate of subsidence waa higher in the

soubhwest than in the northeast but not 8<> high for the

area bo be i nundated wi th fi ne clasti c sedi ment at thi e

time. It is noted bhat only 31 feet of Patchawarra CoaI

accumulated at Tirrawarra 13, and thia is markedly thinner

than in surrounding we11s. Once again this impliee a sIoÍ{er

rate of subsidance in the lirrawarra 13 area.

By bhis time the north-aouth fault was acbive only in

the northern one third of the field' but a throw of about

150 feet is apparent (Figure 24.21 . Thie confíned late

stage activity probably accounts for the greater thickness

of Patchawarra Coal on the downthrown block compared with

the thicknees in neighbouring wells to the east.

6.5 Paclee Aesoclablon 28

Eustat i c water erere relatively

Of all the Facies

lon duri ng

Associ at i onsthis

levels

uni t.depoei ti on of

this unit beet ehows the development of point-bar a ands,

betweenand there is a demonstratable relationship

strucbure, unit bhickness and sand percentage.

the i sopach map ( Pi gure 21 . 1, i ndi cates bhat Faci es

Association 2B thins in a northeaaterly direction, but the

pabtern is mor€ complex than for other Facies Aagociations
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or the Patchawarra CoaI. Sediments on the creat of bhe

structure bifuncate towards the south. One thick trend

branches out to the

Hest 1 and Tirrawarra

sediments extends to

wesb to include bhe area of Tirrawarra

52 and 36

the southern

of 23Oto reach a field maximum

The other region of thick

extremity of bhe field,

feet in Tirrawarra 11.

bhick eediments aroundThere i s also

North I

anti cIi ne.

a regi on

on the

Thi s arêa

of

Ti rravùarra

Ti rrar{arna

of the north striking fault, stitl active at the end of

Facies Associabion 2A bime ( Pigure 24.2) . Thus the same

pattern ig obeerved in this northwest corner of bhe field

for Pacies Aeaociation 28 aa for the Patcha¡rarra Coal' and

ib indicates thab there efaa continued if episodic movement

on the fault. Sedimente of Pacies Associabion 2B Írtere shed

westward onto the downthrown block from the high ground to

the eaat.

Facies Aesociation 2B exhibits a thinning from south-

weet to northeast ( Figurea 17. 1 and 21. 1, and this implies

that the major depocentre ¡tas in the southwest. Sandstone

percentages (Figure 21 -2) and total sandsbone isopachs

( Figure 21.3) exhibit aom€ interesting trends. An arcuate

negion of high sandsbone percentage and thickness, with a

northeast to southweet sbriker paBaea bhrough Tirrawarra

13. This area reflecte multistorey stacking of point-ban8,

the tops of which have been eroded. It erilL be recalled

that the Tirrawarra 13 area Íùas the highest point of the

anti cli ne duri ng deposi ti on of the Ti rrawarra Sandstone,

Faci es Aesoci ati on 1 A/ lB and Patchawarra Coal. I t i s Ii kely

then, for at Ieast part of Pacles Association 28 bime,

norbhwest flank of the

is on the downthrown block
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Tirra!ùarra 13 area formed bhe top of the structure. It is

proposed that this area nas subsiding slightly more slowì.y

than i ts surrounde. Streams flowÍ ng across the ar€a

deposited sands haphazardly over a ghorb peniod of time,

but then reworked them, enoded their finer grained tops and

tnansporbed bhese fines to the more rapidly subsiding parts

of the basin in the manner deecribed by Belousaov (1962).

Thus a concentration of stacked sands is left on the high

epote. It is posaible to correlate, ueing gamma log

signatureB, the sbacked sands of Tirrahtarra I 3 with

i ndi vi dual poi nt bar deposi ts i n wells to the southeast

and northwest ( Figure 17.2 ). There is a definite thinning

and separation of these point bar deposits on the flanks of

the fi eld.

There is an exception, however, in the Tirrawarra I 0' 7

and 45 area on the eastern flank of the anticline. High

sand percentages from Facies Association 28 may indicate a

preferential channel path from the Moorari area which is

north of Tirrawarra FieId. Channels may have bypassed bhe

anticline, which would have been a high point in the

I ands c ape.

More rapidly subeiding areas such as Tinra$rarra North 1

( the downthrown block) and the southweet corner of the

field have low sand percentagee, aa would be expected when

mainly the winnowed out fines have been transported.

6.6 Pacles Agaoclaflon 3

Euetatic water Ievels were rising again during this

time. This Faciee Association aleo thi ns f rom sout,hwest to

22.11, and this impliesnortheaet ( Fi gurea 17. 1 and
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greater

( Fi gure

thi ckeni ng,

the other i n

i s not known

subsi dence i n

22

the southwesb

two distinct

on Ti rra¡rarra

. The i sopach map

areaa of sediment

41 in the southwest,

the extreme south. It

1) indicatea

one centred

the Tirrawarra 5 area in

whether the north-south fault was etill active

aa the top

unit is not

Top Faci ee

) Structure

data and it

Pat c hawarra

at the beginning of Facieg Association 3 time,

of the coal band which defines the base of this

resolvable by seismic m€ans. However the

Association 3 ( i. e. Top Patchawarra Formation

Xap ( Figure 24.3) incorporates seismic and well

indicates the fault was inactive by the end of

Formati on time. Sand percentages and thicknesB€a ( Figuree

22.2 and 22.3) are gen€rally low and do not app€ar bo be

related to vari ati ons i n the uni t thi ckness acroBs the

fie1d. Upward-fining sequencea, as indicated by gamma log

patterns in the two croaa Becbions (Figures 17.1 and 17.2)

suggest that depoeition from meandering streams was stilt

important at that time. However thick eands with blocky

gamma log patterne account for the high sand percentages in

lirrawarra Hest I and Tirra¡rarra 27. These sands ar€

probably ehore line eands.

6.7 the entlre Patohawanra Pormation

A comparison of the three structure mapa ( Figuree 24.1,

24.2, 24.31 shows that structural growth has occurred

around the flanks of the Tirra$rarra anticline, particularly

the norbhern and western flanke. Structural growth of bhe

southwestern flank is less obvious. This area is closer to

the major depocentre and has received relatively more fine

sedlment, which has been ¡rinnowed out from farther north-
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eaab. HiIls ( I 963) statee that muds buried to a depbh of

8000 feet ( the depth of the Patcha¡rarra Formation) may

compact to 25 per cent of bheir original voLume, but sands

obviously do not compacb as much. thue original sbructural

growth on the eouth grest flank of the Tirrawarra anticline

may have been masked by the effects of di fferenti aI

compac t i on.

From the isopach map ( Figune 23.11 ib

thab the Patcha¡rarra Formation decreases in

southwest to northeast This impliee that

occurring at a slightty faster rate in

may be obeerved

thi ckness from

subeidence sraa

the eouthwegt

bhese aedímenteduring the I 0 million yeara in which

accumulated. this can be explained by

Beloussov ( I 963) that greater subsi dence

accumulatl on.

the hypothesis of

caus€a greater

The Patchawarra Formation is actually thinnest ab

Ti rrawarra I 3, the vi ci ni ty of whi ch must have been

eubsiding elowest during this 10 million year interval.

A eimilar pattern ie obeerved in the diagram of lotal CoaI

Isopachs (Figure 23-Ð. There ia a general thinning from

soubhwest to northeaat, but in Tirra¡rarra 13 there is less

gross coal than anywhere else in the field. Once again a

direct relationship between eubeidence and accumulabion

rate ie implied. As previously stated, subeidence ratee

would ç¡enerally have been very slot{ during this 1O million

y€ar interval, and it ie considered thab these rates would

not have been fast enough for clastic sedíments to inundate

coals i n one part of the basi n, but nob i n anothen.

Groes sand values (Figure 23.3) and sand percentage vaÌues

( Figure 23.4) do not appear to be related to Patcha¡rarra
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Formation thickness. It must be remembered however thab

different typee of sand ar€ included in these maps ; point

bar sands, crevasae splay sandg and shore line sande.

Therefore one could not expect a si gni fi canb grosa

winnowing effect as in Faciee Aesociabion 2B where mainly

point bar eands w€re dePosited.
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CHAPTER 7 POROSITY TRBNDS

SANlOS wonkers have calculated the

Pabchanarra Formati on at 2. O foot

meaaurements obtai ned from down

insbrumenbs. Avenage porosity ligures

for the sandstones intersected in each

mai n gas

Pe re e nt age

s ande t one s

readi ng of

Iess than

The

ponosi by fi gures

bei ng defi ned aa

less than 1O0 A. P. I

90 microseconds p€r

equation used to

Porosity =

erere computer

sediments producingt

porosi ty of the

intervals ueing

hole geophysical

have been obtai ned

weIl, for the two

generated,

a gamma

count of

producing units- Facies Associations 2^ and 28.

units and a sonic

foot

calculate porosi ty i s

DT 55. 5

0.61GR + 124.O

Hhere DT = Soni c Readi ng i n l'li croseconds p€r f oot

and GR = Gamma Ray reading in A. P' I' unitg.

It is known aa the Overbon Equation and ig derived from

emperical measurements of, and correlation with' cor€ from

Ti rrar.tarra Fi eld and Fly Lake / Brolga Fi eld'

Porosity mapa have been constructed for Facies

Associations 2A and 28. These mapa (Flqures 28.1 and 28.2,

are also incorporated in Figure 29 (Enclosur€) in order to

compar€ them with etructure and sandstone percentage'

Hean porosity of sandstones in Facies Association 2A

(Figure 28.1) rangea from 6.9 per cent in Tirnawarra 10 on

the northeast flank of the anticline to 13.5 per cent on
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the southwest nose of the anti cli ne. Hoet porosi ti es

howeven are in the rang€ 8-10 per cenb. The 9 per cent

contour approximately parallels the norbheasb-southwest

trend of bhe field. The vaLue for Tirrawarra 33 is clearly

anomaloua but no core is available bo investigate this

porosi ty of 'l 3. 5 Per cenb.

There is no direct rel.ationehip between sand pencentage

and porosity or between eand bhicknees and porosity for

thi s Faci es Associ ati on. I ndeed the relati onshi p i e

reci procal i n aom€ i nsbances. Thus Ti rrar'rarra 33 t{i th only

g-4 per cenb eand (Figure 20-2) hae a porosity of 13.5 p€r

cent, and Tirrawarra 7 on the easb side of the field has

only 5.2 p€r cent sand but a poroaity of 11.3 p€r cent.

On the other hand lirrawarra 22 in the north of the field

hae 30. O per cent sand, but this has a poroeity of iust 7.8

per cent.

In Facies Association 2B ( Figure 28.2) eandstone

average poroaitiea are aomewhat higher than in bhe

underlying unit, most being in the range 9-11 p€r cent. The

highest value is 12.7 per cent in Tirractarra 33 and the

lowest porosity ie 7.4 p€r cent in Tirrawarra 6 in the

north-eaat of the field. Poroaity brends are roughly

parallel to the etructure ¡rith bhe highesb values being at

the top of bhe structure. Thie may be exPlained by the

winnowing out of fines from the top of the sbucturer å8

previously proposed for this Facies Asgociation. Thus the

relabively coars€, well sorted eands from the stacked point

bar bases would be expected to have a high poroslty'

There is no apparent relationship bet¡reen porosity per

cent and eand p€rcentage in Pacies Aseociabion 28. Por

65



POROSTTY PERCENTAGE

7. O-8. o

8.0-.9. O

,9. O'r'o. o

./o.0-'/7.o
'/ r'. o-r'2. O

/ 2. O-',1,:J. O

rÊ
9.4

3

I FIGURE 28,2

*o
71

T¡rrawarra Nor th 1 +22
<\'. o90 aa

ì40'05'
0

*
a_9 *e +ro

93 AJ

,2. r,
+1s
93

*26
93

1
56 lr4

10 0

e,o
*48

B-e

*
a

8.4
,{Àugt t.t

44
2 *ss

I
-o

N
firrawatra West t ¡f 

I
9.0- *12 *za

lo s

*zo
to 5

ae

96
*sz

*27
to o

B2

'- l(t'o

*23
10 5

*ss
10 2 eo 9.6

\r7
*oe9S *1s

to.2

*36
1

.o *
I

21
o.5

90 31 *¡s
f . i7 t

€*
a10.ô

re *¿z
10.o

27 €oI *so $'
41 4 *sq\ * 9,5

29 PATCHAWARR+ FM.
to 3 *sa

*¿z
97

* a4
10 6 to-o ACIES ASSOCIATION 2B

POROSITY

*ss *sz
9,2

I* 53 *s1
9.ô

*¡g
9.3 ¡*ss

10-o

97 0 TIRRAWARRA FIELD+11 I
ì40'05' 85

Ss
SCALE

S K¿nnGdy 1987

FIGIJRE 28.2



example, Tirrawarra 45 in the southeast has 61.5 per cenb

sand ( Figure 21.2) but the average porosity is only 9.1 per

cent. The gamma Iog pattern from this well euggeets that

aome ol the lower sands from Facies Association 28, may

contain claye which would reduce the porosity.

I t i s i nteresti ng bo note bhat the hi ghest poroei ty i n

Facies Aeeociation 2B occura in Tirrawarra 33 which also

contains sandstonee wibh the highest ponosity in Faciee

Aesociation 2^. It is poasible that there is a confined

structunal influence on sandstone poroeity in this small

are a.

To summari se sandstone porosi by trends i n the

Tirrar{arra FieId the followlng poinbs may be made.

( 1) Poroaity trends parallel the structure.

( 1 1 ) Poroeity p€rcentagea are higher in Facies

Association 2B than in 2A.

( 1'l 1) No apparent relationship exists between

eandstone percentage and poroeity percentage.

( 1V) High porosity trends may compensabe for thin

sandstone bands.

( V) Small structurea may be influencing poroeity.
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CHAPTBR 8 SUX}IART AND CONCLUSIONS.

This etudy of the Patcha¡rarra Formation in the

Ti rrardarra Fi eld has i nvesti gated sedi mentologi cal trends

as observed i n the 1i mi ted core avai lable, and aa

i nterpreted from geophysi cal l-ogs. The Patchawarra

Formation has been subdivided into Facies Associations,

each with characteristic assemblagee of facies. llabching of

core with geophysical Iogs has enabled sandstones, coal and

mudrocks to be identified with confidence in wells where no

core has been taken.

Isopach, sand percentage and total sand isopach mapB

have been conatructed for each Facies Associatíon. Selected

coal isopach maps have been drawn. Structure maps have been

drafted from weÌl and sei smi c data. By an i ntegrated

analysie of these mapa it has been possible to determine

the depositÍonal and structural history of this area during

the time of Patchawarra deposition in the Early Permian.

Sandstone poroaities have been determined for the two

gaB-rich Pacies Aesociationg and are shown to be inftuenced

by depositional and structural trends.

Several conclusions may be drawn from thie research.

Core investiqabion hae eupported bhe hypotheses of earlier

workers that the Patchawarra Formation was deposibed in an

environment ranging from Iake, through shoreline and lower

delta plain to upper delta plain. There has however been

consi derable reworki ng of materi a1, pârbi cularly eands, â8

one ¡rould expect wifh the accumulation of lees than 12OO

feet of sediment over about 1O million yeara. This has lead
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to the formation of stacked sand bodiee, panticularly at
the high point of the etructure. Fine sediment has been

canried down from the north towards the main depocentre,

which, from isopach investigation of pacies Associations
and coals, appeara to be towards the southweet. The

depoaitionar stope, which qraa probably very gentle, mugt

have been doern from the northeast towards the southweet.

Thi e i nterpretabi on i s i n di sagreement wi th that of
Thonnton ( 1979) who gtated bhat the l.lurteree Sea i nvaded

from the eaet at the end of pabchawarra time. The position
of rirrawarra FieLd in the patohawarra Trough, however, may

be reaponsible for this southwesb depocentre.

Paulting has also infruenced depositional pattarna from
Tirrawarra Sandstone time at least up to the commencement

of Facies Aseociation 3 time. A depositionar centre on bhe

western or downthnown block of the main north-south fautt
eras epieodically present.

High sand percentages and sand thickneeses present in
the weetern extremity of the field in Facies Asgociation lB
cannot be explained by fault activity or differentiar
subsidence. shoreLine or derta front san¿à may account for
the greater sand percentage and thickness in this instanc€r
bhus the poaaibility of a lower derta-ar{amp setting
concurrent wit,h ehoreline lake environments.

rsolated bhick eands sr€r€ arso depoeited much laber,
during Pacies Association 2B time, but on the eastern flank
of the fierd. channers may have brought in eand from the

Moorari area, bypaeai ng the anti cIi ne.

rt hae therefore been shown that faulting, differential
eubsidence, €ustatlce and aediment dispereal have
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interacted in a complex fashion to bring about patt€rna of
facies relationships in Tirrarrarra FieId. But the field
cannot be considered in isolation, its posi tion in the
Patchawarra Trough muet be baken into accounb. Structural
gnowth has occurred aì-ong the north-south faurt as
demonstrated by Figures i9.i, 20.1, 24.1 and 24.2
( i ncorporated i n pi gure zg, . Fi gure 25 i ndi catea that thi s
fault extende north-northeast from lirrawarra Fierd, past
the weetern flank of Hoorari pi eld. Fault_dependent
anti cr'i nes i n other parts of the patcha¡rarra Trough may
arso be i nfluenced by the structural growth factor.
structural growth on the northern and western franke of the
Ti rrawarra anti cIi ne i s i ndi cated by a compari aon of
Figures 2i- 1, za- 2 and 24.3. rn other portione of the
Patchawarra Trough there may be overarl greater ratee of
eubsidence and conaequ€ntly more sediment input al0ng its
main depositional axis compared with at reast the area of
ite northern flanks- A fubure rine of reaearch shourd be to
inveetigate the influence of faults and differential
subsidence on sediment patterns in other parts of the
Patcha¡rarra Trough.

sandetone porosi ty, whi re bei ng i nfl uenced to 8.me
extent by structure, is not directly affected by eandstone
percentage' Quite high poroaibies may occur in low
sandstone p€rcentage areas. rt is euggeeted from this atudy
that there may be thick sande of reaervoir potentiar down
flank from the anticrine on the ¡restern eide in Faciee
Association I B and on the eastern side in Facies
Association 2Iô- Hhire structure is not favourabre in these
two areaar Btratigraphic traps cannot be rured out. Bven
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thin sandetone layera down flank, which are more likely to

form stratigraphic trapa, may poaaesa promising porosities'

and are thus abtractive exploration tangete'
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TABLE 1

T'IRRAIÁJARRA F I ELD : - F'A'I'CHAWARRA FOF:|"|A'I'I ON. EAlll{A fiAY' VALUES
AT SHALE-SAND BOUNDARIES DETERMINED FROII COIiE lr GAl"ll'lA LOC

EVALL]AT Ï ON.

WELL NO. CORE DEF,TH
f eet

tIATURE OF
BOUNDARY

6AMHA LTJG

DEF TH-{ eet
GAI'1I"IA RAY VALUE

A.F,.I. UNITS

TIRRA. 2
tl

ll

It

ll

at

tt

il

tt

tt

tl

tt

lt

I

tt

tt

lt

tt

TTRRA. S
lt

¡t

il

tt

ll

lt

tt

lt

tt

il

TIRRA. 4
il

ll

tt

ll

TIRRA. 5
lr

lt

tt

tt

ll

u

lr

at

tt

tt

tt

I

9(15(f
9C)54
9t)77
9(:)81
9(lB4
9184
9é 13
96t?
96?"
96?7
9658
q6=9
9679
9å81
971)z
97(:r4
97 t9
972?
9 L94
9112
9?r4
7¡: L.J

92?6
9?J7
9284
9286
9388
9?A9
9299
BA4=
8846
E}854
õñttoÞ.J-,
9(l13
89ó 1

a97A
s9E4
a9B6
B9E9
91f,4
91 48
9153
9156
gL6L
9t64
9L67
9L7L

sharp
gradat i onal

I

il

I

ll

sharp

gradat i onal
il

I

lt

il

¡t

il

ll

lt

il

sharp
il

gradat i onal

sharp
gradati onal
sharp

gradati onal
sharp

gradati onal
sharp

gradat i onal
sharp

I

gradat i onal
I

sharp

qradat i onal
sharp

gradat i onal

sharp
tt

tt

I

cradati onal
sharp

gradat i onal

9ö59
9(16f,
9(18ó
9ö9()
9(19f,
9193
?ê33
9å28
9éf, I
96f,ó
9667
9668
çó88
969.-t
97tt
q7 IÍ
977e
97JT
91ç 1

9?(J?
9"11
at-Lt-

?"?J
97=,4
9382
g7e4
9?86
9?89
9797
e87(l
BB7f,
8881
Ë88?
9(:15(:¡
8954
e?7cl
4976
a97A
Bç8 1

91f,(]
9 r44
9r49
915?
ñ18--7 L,J /

91ótr
916f,
9L67

119
92

Lt4
74
97
têÞ-J

7t)
94

122
7lt

1 1(l
12?
1 1(l
96

r=7
B(:r

1(:t1
1 C)8

99
69
68
åó
58
67

1?(l
7A

11é
1(14
129
149
8()

1f,1
95

1r_t7

1{l1
?B

1.13
9Cl

12f,
B3
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1 ()î
r77
11f,
1C, I
Bf,
B1



TABLE 1 (continuted)

TIÊRAWARRA FIELD :- F'ATCHAWARRA FORMATIOI,I. GAMMA RAY VALUES
AT SHALE-SAND EOUNDARIES DËTERHINED FROM COFIE ,9:¿ GAMMA LOG

EVALUAT T ON.

WËLL NO" CORE DEFTH
f eet

NATURE OF
BOUNDAFY

GAMMA LOG
DEF'TH-{ eet

GAMMA RAY VALUE
A.F'.I. UNIT'S

I-I RRA. 5
il

il

lt

tt

lt

tt

il

il
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*
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tt

T I RRA.
T I RRA.

tt

t7
T9

tt

ll

9181
? 18ó
9?()a
921 1

?219
9t42
9f,åf,
9Å71)
94r_rCr

94.-r4
987Ì,
9479
9BB 1

9892
9895
9897
99Ctt_t
99(J2
s9t9
7 -f r-t-

99=.(--,
99f,5
9947
g94rt
994F
ç 1(lB
91C)9
?111
91 12
91 1f,
9L L4
913?
9114
98132
9839
9845
B97A
9(l(JB
9Lt7
91=5
9L37
9I44
915r:)
9159
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I

sharp
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I
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I
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9f,59
9f,66
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TABLE .1 (continuted)
T I RRAWARRA F I ELD ¡ - ffiIif,ffiffiA FORMAT I ON. GAMMA RAY VALUES
AT SHALE_SAND EOUNDARIES DETERMINED FROM CORE f¿ EAMIIA LOG

EVALUAT I ON.

l¡IELL NE. CORE DEPTH
feet

I.IATURE OF
ETOUNDARY

GAI'IMA LOG
DEF'TH-{ eet

GAMMA RAY VALUE
A.F'.I. UNITS

TIRRA.79
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TAELE 1

T IRRAWAËRA FIELD : - FATcHAhtARRA FoÊríATroN. soNIc vAt_uES AT
SHALE-coAL AÌ\iD lluD-coAL BOUNDAÊrEs DETERT'|INED FROH coFE

AND SONIC LOG EVALUATION.

WELL
NO.

CORE
DEF'TH
feet

NATURE OF BOUNDARY SONIC LOG
DEFTH
f eet

SONIC LOG
VALUE

rni croseconds
per foot

I
¿-
lt

It
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9(lóI
9Ct66
9182
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coal -shal e
shal e-coaI
coal -shaI e

sandy shal e-coal
' coåI -sha1 e

shal e-coal
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TABLE ? (continued)

TIRRAT^JARRA FIEI.-D ! - F'ATCHAWARRÊI
SHALË-COAL AI{D I"IUD:COAL E{OUNDARIES

LOG EVALUATTON.

FOFMAT I ON.
DETERM T NED

SONÏC VALUES AT
FROIÍ CORË AND SONIC

14ELL
NO.

CORE
DEF'TH
feet

NATURE OF EOUNDARY SONIC LOG
DEF,TH
f eet

SONIC LOG
VALUE

mi croseconds
per foot
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sand-coaI
coal -shaI e
shal e-coal
coal -shaI e
shal e-coal
coal -sha1 e
sand-coal

coal -carbonaceoLrE shal e
sand-coaI
coal -sand

coal -carbonaceoLrs shal e
sand-coaI
coal -sand
sand-coaI

coal -carbonaceoL(s ghal e
congl omerate-coaI

coal -shaI e
shal e-coal
coal -shaI e
shal e-coal
coal -shaI e
shal e-coaI

, coal-sha1e
shal e-coaI
coal -shaI e
sand-coaI
coal -sand

941)4
947J
g4?4
94?6
943(l
9431
9Ê77
988?
9899
99Q?
99tJâ
99CrB
9917
99r9
9925
9g?6
? 14î
974=,
ñ{ ÈE7 I 'J*J
9 L=6
9EA7
e99t
899f,
91 1ó
9LL9
9C)29
9(:)f,0
97 t9
972¡-t
97?7
97"9
9744
97=C,
973L
97=2
9766
977 L

73
I .j,.J

139
1ö4

7.-)
7ö
88
66

123
115
7t)

1C,f,
7t)
99
7e
67
B5

1 (:)9

B5
121
73
96

184
Bf,

L24
77
B1
7=,
77
6A

111
76
99
8()
74
77
95



TABTE 3 CORE-LOG INVESTIGATION TIRBAWARRA FIETD

PATCHAWARRA Mf,. FACIES PROPORTIONS IN FACIES ASSOCIATIONS

IA

TB

2A

2B

Foot
3

ETATE A]ID
CODE

¡

Foot

¡

Foot

F¡oI

¡

t
Foot

8.7

I

12.7

g2

a 8.o

raõ

tc
tt.t

Corl

c

23

50.o

3e.1

ee

7.1

2a

2g

a.G

2C

45.c

I¡r¡lro
¡ llo-
turbrtrd
Iró?ocl

Fn

2

1 1

10

a.o

G.2

2l

fa

r {.G

r o.6

c

Fl.t
Lrrlr¡tor
Irdrocl

FI

22

8.7

o.6

2

l7

3.4

t ¿l.O

8

U.T.
llpplod
Irdrocl

Fw

3a

t 3.¿l

a.5

rõ

18

3.G

5.3

3

llotorr-
¡ltñlc

lnt.rb.dl
HI

15.O

38

8.O

27

lt.1

tt

5.3

3

lata
ilppled

3¡nd¡to¡r

8w

t G.O

l7

t.e
tõ

22|A

?t

t 1.6

rGo

r a.o

t

I¡¡¡lro
lrad¡tonr

8m

o.a

I

I 5

õ

t.G

I

Tro¡91
Gro¡¡

, loióod
l¡nó¡tonr

8t

o.8

2

3.0

1t

7.7

30

3

5,3

Plrn¡r
Gro¡¡
!oddod

l¡rd¡torr
8p

o.o

3

o.t
1

I.a3lta
Gortlor'
or¡lo

Gn

t

1.5

3.7

t0

Gt¡otlc
Gmglor-

¡rlto
Oc



TABLE 4

TTRRAI4ARRA FIELI] :- F,ATCHANARR
VALUES. READINGS T

ORMATIOI{ ISOF.ACH
EET.

AF
NF

WELL NO FAC I ES
A5SOC.

f,

FAC I ES
ASSOC.

?B

FAC I ES
ASSOC.

JH

FAC I ES
ASSOC.
1A&1B

TIRR. 1

2
't

4
t
ÈJ

6
7
B
I

1(l
11
12
{?
¡Lr

L4
15
16
T7
18
19
2Õ
?1
¿: ¿-

.¿.j.

¿-+

2=
?6
27
2E
?a
f,(:)
?l
-f -l

3f,
34
=É.-¡.J

36
J/
ÏE
a9
40
4L
42
43
44
45
4&
47
4B

il

tl

ll

il

il

ll

il

I

lt

I

lt

tl

ll

I

tl

I

il

il

il

lr

il

I

lt

tt

tt

I

il

tl

¡t

I

il

tt

il

tl

I

I

I

tt

lt

I

il

tl

il

I

¡t

tt

tl

1ó2
1Ê2
1f,9
L69
2(i9
1=4
191
L44
14(¡
t64
181
L7r,
149
1ó3
{É?
L J.j'

L47
L79
215
14f,
154
16"
t4=,
15ó
t92
1é6
14f,
T7B
155
r7=
L76
186
188
776
185
1Ê-
I gJgl

2L7
189
t7Q
195
171)
¿-¿_J

184
182
17î.
1 9(r
15Q
??(t
144

156
168
147
1f,î
15?
L41
19Cl
16f,
159
154
?f,o
L77
t64
18f,
156
15(l
141
168
141
t47
167
146
lE-
.¡-.JCf

18(J
17l-t
L79
t9=-)
154
779
173
1f,B
184
t7B
t67
154
L94
t87
198
L=7
181
L64
19f,
188
181
1A?
L7t-,
156
1ó5

177
?(:)B
155
156
2?(:)
119
159
L6â
17T
L4l
-^e.1.+J

3"1
1.67
185
177
143
189
?.<)7
185
169
1Bf,
r66
r=7
2(18
167
1f,9
?19
L66
tä7
r99
179
2(15
?13
151
177
1B(l
177
2(18
19ó
198
163
-=E¿.j,J

118
,1.+J
L7Q
156
212
1ó(l

f,41
4(18
f,15
346
432
=et.j,-JO

=,7e357
f,t9
f,54
45ó
4(1f,
241
f,93
366
f,20
-Eñ.j' J Ct

.:'OJ

f,ó?
37L
?EE.j,'J.J

f,z1
f,11
f,83

=,47f,5(l
f,82
?oìl

=77477
379
4(77
4|-t4
f,6(:)
f,ê1
479

=.94??Ê.Jf.J

4Ct?
377
4(t7
4Q2
394
377
367
368
3B?
a=7



TAELE 4 {continued)

TIRRAWARRA FIELD : - FATCHAhJARRT1 FoRMrcrIoN ISoF,AcH
VALUES. READ I NGS I I{ FEET.

WELL NO FAC T ES
ASSOC.

f,

FACI E5
ASSOC.

TE

FAC I ES
ASSOC.

LH

FACIES
ASSOC.
1A E¿ lE

TIRR. 49
5C¡
51
51
È?J.j.

34
çJ *J
et
.J Cf

-r7
58
eõ
-J -f

1

1

1

I

I

I

I

I

I

il

il

I

I

TIR. N.
TIR. W.

RAI-iOONA

t7t
175
t9g
2(:)4
185
183
2?6
145
168
18tl
1ó5
16f,
2(Jo
188

14I
1å6
147
2C,1
t73
164
159
L6ê
181
764
t49
Ie7
1Bf,
156

L7(:l
14f,
t79
144
2r:¡(:,
183
7L7
152
195
189
2?ö
t9è
î.t -T

182

355
385
494
374
374
388
3êO
S4B
f,f,6

=,71i79
=,77385
389



TABLE 5

T I RI{AI^JARRA fT T ELD : - F,ATCHAhIARRA FORMAT I ON

FAC]ES ASSOCIATIONS. SAI.{I] ]-HICI.::NESSES AhID SAND F'ERCENTAGES.

t^JELL NO. FAC I E5
ASSOCIATION f,

FAC I ES
ASSOCIATION îE

FAC Ï ES
ASSOCIATION ?A

ÏH I trT{:.
(feet)

7. TH I Cl'l.
(feet)

TH I Ct,i .
(feet)

TIRR. I
I
3
4
5
6
7
a
9

1(l
11
{al¡Á
13
L4
15
L6
t7
18
t9
3tl
21
L.¿.

î=
?4
35
76
n-

2B
29
f,{J
31
.-1.¿

==

=4
._t J

36
37
f,8
39
4.)
4L
4?
43
44
43
46

il

tt

I

ll

I

lt

tt

I

I

tt

tt

ll

I

¡t

tl

il

I

tt

I

tt

I

I

il

ll

il

il

il

tl

tl

il

lt

ll

I

lt

I

ll

!t

ll

I

il

tt

il

lt

I

I

?C¡
=É'j|.J

??
?B
.tB
1ê
6g
2L
?1
ñE
.d. È,

=,72t)

=.912
6

1()
=E.:'.J

19
L7

=.4
.:, c]

f,(J
46
12
¿_ -f

19
EÉ
-J LJ

f,9
EÈ
ÈJ'J

47
4(:)
¿.j'

11
51
4=,J

f,(:,
L7
1-l

49
47
1.q
4t)

.¿¿.l

.-.]L

44
ãE
¿-rJ

1t. 
=19.2

15.8
1ó. 6
18.2
11 .9
f,6. 1

t4.6
15. tj
IEI*J..J.

?Cr.4
11.8
NL ÉJI

7.4
=,.97 ..-l

t9. â{= Êr.-r. .J

11.9
?3. 1
.:t-:t F)

21.O
?9.3
6.3

.? E

13. f,
f,ö.9
õE ô¿--). ¿-

f,1.4
Tf,. 9ñ{ É¡Ér. ÈJ

1:1 
=l

6.4
27.6'29.4
14.1
9. C)

12.9õÉ{¿.J. I

74,7
t2.9
.1 r a

1?.6
18.0
L.j.. L

16.7

4?
7A
7?
E{
-, I

76
46

LL4
E6
B(¡
77
45
7?
e7
52
4T
4L
?r¡_r I

f,6
65
49
67
FE
-, -,
63
64
51
B8

I (:,3
7Ll
åa
59
47
È¡!rCl

5ó
eÀ
-J.+
63
76
36
7=,
i4
=B55
49
8Cr
56

111
B5

16.9
^=E'+.j,. .J

49. (l
38. 6
5o. c-r

.-ì.å ¡ 'i
é(:¡. c¡

52. B
scr.3
5(:1. (l
Le.7
4L.9
5.1. (r
î8.4
1L '{

77.4
'l4l t'r

21.4
46. I
.j,.j.. .j'

4C). 1

37.7
39 .7
,_ì.J . O

Jr_). (:r

49.?
E- T.J¿. .j''

43.6
f,B. C)

f,4. 1

f,4. 1

f,r1.4
31.5
.J¿.. ,J

4?. ?
TçT
?q.9
-46.92r.7
21.(1
=+E.-1.j' ¡ Èl

-EÀLLJ. '+
4?.6
f,c-). I
é1.5
5(1. (l

¿_-f

49
2B
=Ê*a.J

BB
15
I

21
e^
J¡}

1(]
34
?1

13
24
15
7

/.3
-t -fL1

46
J7
L4
51
n-

?6
¿-.:l

I
29
4?
?8
45
28
4CJ

2Ct
25
3t-l
1B
t2
¿._r

óB
=E.j. -J

11
39
51
59
-Y{

l.J

1ó. 9
2f,. ê
18.1
2î.4
4Cr. C,

11,6
t
-J . .d.

L¿.. f

f,l. ó
7.1

lT o

14.5
7.8

13. O

8.7
4.9

3A.6
10. 6
?4.9
21.9
7.6

aö.7
L./..¿-
a- ÊL¿-. rl

13.8
tÈo..J

1f,. ?
ãE=
.d. çJ ¡ .-t

16. B
?2.6
15.6
19.5
9.4

L6.4
L6.9
10. o
6.8

11.1

=,4.7L7.7
ó.8

Tâ. â
?3. 4
?4. L

18. 2
8.3



T'IRÊAWARRA T:IELI)
FACIES ASSOCIATIONS. SAND

TABLE 5 (corrti nured )

: - F'ATCHAWARRA f:OF{ff AT I ON
THICI.:.NESSES AND SAND F.ERCENTAGES.

hIELL NO. FAC T ES
ASSOCIATION 3

FAC I ES
ASSOCIATION 2E

FAC I ES
ASSOCIATION A

TH I Cl::.
({eet)

TH I CI.:.
(feet)

TH I Cl-i.
(feet)

TIRR. 47
48
49
5r:)
51
EãJ¿.
TT
rJ i'

54
JJ
È¡*JO

=7tñ.Jõ

=-rq

N1
t¡, 1

1

I

I

tl

I

I

tt

lr

I

I

lt

I

ta

TIR.
I'IR.
RAl.::.

.-\ i,

L7
=F

=437
eaJ.1
41-'

=75ó
15
f,c)
34
??
15
8{l
?6

14.6
11 .8

f,(1. I
28. 6
26. 5
21.6
,ar-, . l:

t4. B
1(1. f,
L7 .9
18.9
1f,. f,
9.?

4C). C)

1f,. B

76
58
3ó
49
4?
96
61
.J.J

f,1
7T
6â
59
Ëó,JO

47
85
4A

4e.7
TÊ -.J.J. ¿

?q Ã_

?9.5
?8.6
47.A
34.9
.j'L. .J

19. 5
4?. B
AL ß;

f,ó. (:)

s8.9
,r.d-. J

46.4
î7 .6

1?
f,8
17

LJ

42
11
61
-e.-r.J

îB
4

6ELJ

4B
44
t,4
4A
TA

9. C,

33.8
15.9

=E

23.5
6.0

3{r. 5
19. 1

11.9
2.6

12. B
2=.9
2C_). Cl

17. 3
î,'r n

15. 9



TABLE 6

TIRRAWAÉRA FIELD :- F.ATCHAWARRA COAL ISOFACH VALUES.
THICI.INESS IN FEET

I^JELL NUMBER TH I CF:NESS hIELL NUMBER THICT'::NESS

TIRR. 1

?
rF

4
érJ
6
7
B
q

1(l
11
1î
1f,
T4
15
Iè
L7
18
T9
1(J
2T

;;
24
¿J

?6
?7
2A
?9
f,(:)
?r._r I

¡t

I

il

I

il

I

ll

il

I

I

I

ll

I

I

lt

il

tl

I

t¡

I

ll

tl

il

il

tt

I

il

il

il

I

46
6L
3ó
f,()
6r
2A
37
4L
3C)

3(l
66
5(l
T{

9(:)
46
47

=7f,1
4?
49
-E.:'J

47
*JO

4A
4?
55
4.-l

-16
5(l
-1 -J

TIRR.
tt

tl

il

ll

il

ll

ll

I

lt

I

tt

tt

It

il

I

tl

tt

I

¡t

I

lr

tl

I

il

I

il

l¡

TIRR. N.
TIRR. W.
RAI{:OONA

.i'¡:

34
?E
.-:, rJ

f,ó

=,7TO

f,9
4Cl
4T
41
4A
44
45
46
47
48
49
5(:)
51
Ê-
-J¿

54
EE
LJ L,
e]
.JO

37
5B
59

1

1

1

=96(1
49
4?
6Cr

6Ct
51
56

=459
64
ó(l
4B
27
47
46
29
46
47
49
ó1
et.JO

=-
6=
4î.
tõ
-J ¿.

49
4=
51
51
46



TAELE 7

l-IRÊAWAtiFA FIELD ! - TIRRAT¡IARRA
TH I Cl,::NESSES

SANDSTONE I SOF.ACH VALUES.
IN FEET.

IÁIELL NUMEER TH I Cl-iNESS t^JELL NUPIBER TH I CI.iNESS

TIRF. 1

î.
.:'

4
F
sJ

6
7
B
I

lCr
11
12
13
14
15
16
t7
1B
T9
2(:)
21

;:f, ,-Ì

24
õÈ,i*J

26
?7
?B
T9
f,(--)
?r

I

il

ll

¡t

lt

il

ll

I

I

I

I

ll

I

lt

I

il

I

il

lt

il

tl

I

tl

il

il

I

il

il

tt

tr

143
11ó
1(14
1îî
L?6

9L
1{19
It7
I 1(:r
a=ÉI.-J.J

1ó5
96
,eo-,

1C,5
L?4
119
a7

125
11A
1Õ9
1(J8
1 C)5

94
9A

11ó
12C¡
L26
1C)9
7?.7
118
1(19

TIRR. ..i ¡:

3f,
f,4
TÉ

36
Í,7
38
f,?
4t)
4T
42
4f,
44
4=
46
47
4B
4S
5(J
51
.J,I
ET
-r.j'

lt

tt

il

lt

I

tt

ll

lt

ll

il

I

lt

il

il

tt

I

tl

il

il

il

lt

I

tt

il

I

tt

ll

54
ÉÉJJ
Èt,JO

37
5A

TIRR. N
TIRR. t^l

RAþì:OOhIA

5g
1

1

1

1f,r_r

105
r77
TL7
115
9f,

115
t=,7
115
111
1f,é
128
111
1f,9
11ó
tt7
t?.4
I (:)5

113
1?5
1()?
Iî,7
128
1f,(:r
116
141
118
11t
115
I (_¡t-,

It7



TAFLE €]

ï'IñRAI^,ARRA FIÊLD :- tiuBSEA DEF'THS oF F'ATCHAWARRA FDF{MATIoN
AND TIRRAT^IARRA SANDSTDI'IË HORiZONS. DËFTHS Ir{ FEET.

IA,ELL
NO,

FACIES
A55OC.
3 TOF

FAC T ES
ASSOC.
2B TOF.

f:AC Ï ES
ASSOC.
?A TOF'

FAC I ES
ASSOC.
1E TOF'

T I RRA.
SST.
TOF,

T I RRA.
SST.
BASE

I
3
f,
4
Ê.,
6
7
B
I

1C,

11
12
13
L4
15
L6
L7
1B
19
?(:t
21
21
.¿_.-J

?4
ñt¡.*J

26
?7
?B
?9
3Cl
.j'T

3?
??

34
.j'*J

36
37
SE
f,9
4C,
47
42
43
44
45
46

8594
8ó5?
88?2
87 t=,
87=-r4
8778
8829
B6Ct4
8684
BB48
87(12
874A
A=-r76
B5ó4
6eñ-o -, o.-r

4744
8641
8679
868r-r
859f,
857 1

87î.1
855(l
8É64
B5ó4
Bó98
B7(i¡
8óf,4
8594
Bå(:,1
Bó 19
Ê67Ct
B63B
8589
859I
e7=4
871f,
865Cr
4646
B=72
4749
B65c-r
4619
8B()6
e697
87t-t4

873é.
B83E
8958
ABó6
Ê9óI
8913
9(11(l
8748
8B?2
9(r 1:
B8Bf,
891f,
8723
87?6
e72,6
8886
B82rl
eag4
88tf,
8747
R7=,7,
88ó4
87t:t6
BB5é
BTJt_t
aB41
888 1

87g9
e769
e777
EBC.¡5
BBSB
88 14
8774
4746
8966
B9(l?
882(:)
884 1

874?
e974
ABf,4
8E(l1
e97B
8887
BE54

891?
90(1f,
91{15
9ö(¡B
91(19
gct49
9210
891 1

898 1

gL6é
91 13
9C)85
BBA9
89þ9
8892
9C)f,é
896 1

9{l6l
8964
8894
89(j(l
9C) 1(:r

8864
9öf,6
89(J(l
9(lI(1
9(:r76
8943
B94A
8?5C¡
B94r
9ct42
899?
8941
8899
916r-r
9r:189
9ö 1B
8998
E}92f,
9138
9Ct27
8989
916(:,
9(168
9û7.4

9(lB4
911 1

936(l
gL:'J4
93f,5
9183
9f,ó5
gCr77
9152
9-=Ct7
1.:t*JÕ

9f,0ó
9Õ5å
9C,94
91764
9179
91E()
91ó9
I 149
9{lóf,
9(:r8f,
917 6
9(i? 1

9î.44
9C,67
gL=9
9295
91ö9
91 15
I t4S
a l.!_.¿..

9?47
92(J5
9ö9f,
9ö77

" 934C,
9?66
q??6
9t94
91? 1

9f,(J(_)
976?
971)7
q4Ct4
9259
918(r

94t17
9619
957-.t
ç51ó
9767
95f,9
9768
9474
948 1

96=4
9814
9ó93
9797
9477
94?1--)
s499
95C)B
9634
951 I
-f-t¿:J

94f,8
9497
9=24
96?7
9454
95(¡f,
9677
9477
94e7
1lr.¿-fJ

95(J 1

9ê34
96QP
9455
94f,8
97 L9
9661_l
9óC) 1

9-r96
949e
97r)7
9664
9óC-) 1

97BL
961)6
9544

9549
97f.3
9ê79
9638
9893
963C)
9890
9531
959?
9786
9979
98C)5
9Sé2
9582
9=44
9ó 18
9595
9739
9629
ñe= n7 -J g1'*

9=46
9óC)2
9426
97?=-t
937ö
96?9
9803
9586
9616
9644
961(l
9784
97 t4
9=¿7Ct

9555
98f,4
ñ-e='f / !t,S

97 L6
9733
9å 15
9At7
9797
9727
989f,
974=
9âe4



TAELE B (continrred)

TIRRAWARRA FIELD : - SUETSEA DEFTHS OF I-'ATCHAIÁIARRA FORMATION
AhlD TIRRAT{ARRËì SAIIDSTONE HORIZOT{5. DEFTHS IN FEET.

WELL
NO.

FAC T ES
ASSOC.
f, TOF'

FACIES
4550C.
2B TOF'

FAC T ES
ASSOC.
2A TOF'

FÊIC I ES
AS50C.
lF TOF'

T I RRA.
CET

TOF'

T Ï RRA.
5ST.
EASE

47
48
49
EC¡

51
53
.J.J

54
-J.J
5ó
t-

5B
59

TN1
TW1
RAli 1

8ó52
8688
B57tl
a=37
867e
a7a't
861(l
8669
a74L
47?fJ
8564
8é0 I
8694
894?
e776
B?39

aE77
88f,?
a74t
477.?
eE77
8985
879=
885?
a967
BBTCI
87=6
BTBI
8859
9105
8976
9tt7

9(lî8
as97
EBBf,
B89B
9(:¡I4
9186
897ö
9ö 16
?r79
9Cl3é
89f,2
A94E
9ö(J9
929?
915?
9?7=,

924(J
9r=7
9(15f,
gr_)41

9?(13
g37rl
9L7.)
9199
9f,4f,
9188
91f,?
9IJ4
9228
9484
9i7?.
941f,

9ó39
9494
94(t7
94?=
9=r97
9743
9=44
9=rA7
971)L
9=L9
946e
9=Ct6
?595
986Ct
97=7
9444

I

9746
9ó 1B
9512
93i,7
9772
985?
967 t
97 r3
985 1

9655
9êO9
q6"4
9707
997=.J
9857
99è1



TABLE 9

TIRRAT^JARRA FlELD : - F'ATCHAWARRA f:ORMATION ISCIF'ACH.
TOTAL SAND ISOFACH. SAI{D F.EIìCENTAGE

AND TOTAL trOrlL ISOF'ACH

t^IELL
NUMEER

F,ATCH.
I SOF'ACH

TOTAL
SAND

ISOPACH

SAND
F.ERCENT

TOTAL
COAL

I SOF.ACH

T IRR. 1

?
3
4
É.J
6
7
I
9

1 (:l

11
1?
1J
t4
15
I¿]
L7
18
79
2(:)
r1

2=,
24
25
?â
77
J.Þ

?9
f,(l
=.1

f,?
f,f,
-44
TE
j' L,

f,ó
37
f,B
39
4(l
4t
41
43
44
4=
46
47

I

I

il

I

I

I

I

I

il

tt

I

I

I

il

lt

il

il

I

il

I

il

lt

il

il

ll

I

I

I

lt

I

tt

lt

il

I

ll

lt

lt

lt

il

il

t¡

It

lt

I

tl

I

Bf,1
967
-Êl/ -Jé
B()f,

101J
76L
9t4
8f,(l
799
813

1112
966
721
9?4
447
73=
867
õEÈ7.J.J

8f,1
841
467
776
aEn

9ór
B9C'
811
974
84E]
893
ô-e-f ¿-.J

88?
9A4
97t
864
845
9é5
947
951
95(¡
926
958

1.1)I4
942
97:.J
9t-rq
444
977

119
-F=LJ.j'

192
169
J42
137
f,20
7t4
249
aaa-
î19
L96
L77
r46
L37
114
189
168
?1ó
1ó8
794
î{l1
r:.-r ¡:
1ó(:)
¿¿J

l(12
?ó1
-Eõ.¿.J,i

2f,ó
¿-.¿-.¿-

t7?
?(J9
148
18()
211
7L4
{Éñl. 'JÞ
184
3C)C)

te7
L67
177
226
.J. IÞ

î.7J

=153C) 1

14. f,
tct.I
-E^.d. *J . .+

11. tl
:fT ct

1(). 6
35. c)

?5. B
f,1. î
?7 .6
L9.7
?(:). f,
4:ï ' ÈJ

15. E
18.5
{E rIJ. T

31.8
L7 .6
?6. tl
Ir). (l

ñÊ¿--J. -f

?a -7

16.6
¿.J. ;,

?4.9
?6. A
TÇ7
26.4
?4.1-l
19.5
?,t .r

L9.4
20. El

25. (:)

1^r alÉ4¡ 4

L6.7
19.3
f,1. ó
20 .2
t7 .4
41 e

7]'. Ct

4L. ¡+

f,(_). C)

-E È

1çr. 6

14f,
1C)ï
1ó3
155
1(:)()
168
181
t67
74â
159
?27
183
14f,
15()
156
1ó9
145
194
ti-J7
156
T7T
158
1ó(:)
ra7
t69
152
779
t7 C)

rb4
1órl
14é
18(l
208
1é3
181
211
195
183
194
L7j-
20:
n1z
L L.J

189
196
147
176
191



TABLE 9 (conti nr-red )

TIRRAWARRA FIELD : - FATCHAT¡JAREA FDRIÍTITION ISOFACH"
TOTAL SAND ISOF.ACH. SAND F'ERCENTAGE

AND TOTAL EOAL ISOF.ACH

WELL
NUl"IEER

FATCH.
I SOF'ACH

TOTAL
SAND

I SOF.ACH

SAND
F,ERCENT

TOTAL
COAL

I SOF'ACH

TIRR. 4B
49
Stlr
t{sJ¿

3?
F-rJ.-]

54
55
E6

=7eã.JÞ

59
I
1

1

ll

I

Í
lt

lt

Í
I

lt

I

tl

ll

T. N.
T. W.
RAII:.

BC)é
437
Bó8
gL9
962
9t4
918
96(:,
at7
EBCr
9(r5
91I
918
981
915

16:
1ó1
?c-) 1

I(15
24f,
.¿- ¿t- -f

L77
1ó5
t67
188
19(r
añEI C'.J

141
f,4f,
?3(¡

?(1. 1

19. ?
¡. '-i' . i:

L¡.. .-ì

5r= T

4Ã E.c.rt. J

LA.7
77.?
?{:,.4
?1.4
21. Cr

2(1. 3
ae =lsJ¡ rì

=È.-1 L, ¡ r-,

ñE{
¿-J. L

L64
154
15(¡
191
1Cr9
165
t74
??7
1ó{¡
t7?
15?
77Ct
L99
L69
Lb?



TABLE lc'

1.IRÊANARRA FTELD. F.ATCHAI^JAÉF:A FORIÍATToN.
FACIES ASSOCIATIONS 1A ANII 1Ë C0MFINED; -

TOTAL SAND ISOF,ACH AND SAND F,ERCENTËìGE

t^JELL
NUMBER

SAhID THICI:.NESS
( FEET )

SAhID
F.ERCENTAGE

il

il

tl

I

I

I

I

il

I

lt

I

il

I

lt

I

il

il

il

tl

lt

il

il

lt

il

I

ll

I

il

I

tt

I

lt

I

I

It

I

il

il

lt

It

tt

lt

tt

ll

It

tt

ll

1

2
3
4
É
9J

6
7
B
I

1C,

11
11
i=I.-T

,,4
15
t6
L7
18
19
2c1

77

.) -7!

24
-ÈLrl

?6
?7
-,Ó

29
f,(:,
f1
-f .a

3r

TIRR.

34

¿ì6
J7
3B
f,9
4C,
4L
4?
4f,
44
43
46
47
4e

?8
96
7r,
EE.J.J

L 4ri
BCr

129
B6
94

111
1()5
77
f,B
58
95
el
.J Cf

5Õ
a1
88
4e
9B
OJ

97
58

13:
B6
1e

1f_r1

85
76
37
9tl

111
5tl
7?
9t-l
7A
66

t49
7?
7?
49
77
77
86
92
74
49

B.?
E

1..j,. J

r:- ¿- . .¿.

73.9
f,?.4
¿i.. .J

f,4.1
74. I
18. ó
f,1. ó
?f,. rl
17 .9
1=. I
14. B
26. (:)

L7.=
14. O
???
24 .3
1î.9
?7.6
Tar 'f
.j'I..¿

15. 1

={ e.-}l. *J

24.6
t9.6
a-7 1

¿.e. Èt

2Cr.3
15. ö
-lF: {4¿. I

-?e

1f,.9
I9.9
?3.7
18.5
77.6
37.ts
19. 1

t7,7
I¿.¡,1

1e. f,
19. 1

?f,.4
15. C)

19. Õ

t4. =-)



TAELE 1O (continued)

TIRFAWARRA FIELDT F,ATCHAhJARRA FCtRt"tATION.
FACIES ASSOCIATIONS 1A AND lF COMBINED¡-

TOTAL SAND ISOF.ACH AND SAND F.ERCENTAGE

14ELL
NUMBER

SAND THICI'I.NESS
( FEET )

SAND
F.ERCENTAGE

TIRR. 49
50
g1
5:
FT
çJ -ì
54
ÉÈ
srçJ

36
37
5B
eñ.J-'

I
1

I

tt

ll

tt

il

tt

tt

la

It

I

il

T. N.
T. W.
RAH.

é3
93
64
B?
67
47
5c-,

77
67
4g
ó1
5(r

{=tI '-IJ
1f,Z

L7.7
74.2
16.2
11.9
L7.9
12. I
13.9
22. 1

19.9
12.9
1ê. I
13.4
TE'.j.Lr. L

33.9



TAELE 1 1

TIRRAWARRA FIELD
SANDSTOhIE

F-'ATCHçqWARRA FORMATIDN
F'OROS I TY VALUES

WELL
NUMETER

FAC I ES
ASSOCIATION ?B

F.OROS I TY
F.ERËENTAGE

FAC I E5
ASSOCIATION 2A

F.OROS I TY
F,ERCENTAGE

T ÏRR. I
2
.?

4
5
6
7
I
I

10
11
L2
1S
t4
15
16
t7
18
19
3(J
?1
r-.¿-

2f,
?4
4E¿..J

?6
27
2B
?9
f,()
T1
,-r ¿-

lt

tt

I

tl

il

It

tt

tt

I

I

lt

lt

lt

tt

lt

tt

tt

tt

ll

il

tt

tt

lt

lt

tt

tt

tt

tt

tt

tt

rt

tt

il

tt

lt

I

lt

lt

ll

I

tt

lt

lt

ll

tt

tt

34
?E
*J ÈJ

36
_47

f,8
39
4()
4T
42
43
44
4=
46
47

10. 2
11.1
9.

1c).
8.
7.
Cf

1(:).
9.
8.
a
8.
8.

11.
1 (r.
8.
q

4
()
E
-J
4
É
LJ

l:

f,
f,
7
I
.c.

1

T
I
C)

(l
f,
E
È,
É
rJ

I
E.J
(l
9
f,
(:¡

I
._1

6
Õ

2

?
T
7
I
q
Cr

a
1

7
f,
7
1

1

6

1(J .
o

10.
1(:).

Õ

1ö.
11.
1 (:¡.

a
1 (:¡.

l(1.
1(J.
1(i.

a
9.

lFl

a
10.
E.
a.
9.

1 C).

10.
1 C¡.

9"
9.
8.
a

11.
I C).

1(:1. f,
1ö.9
9.5
8.6
9.8
7.8

11.3
9.O
9. (¡
6.9
9.7
8.6
9.7
9.O
8.ö
9.6
B.B
9.9

I C). (J
o'l

7.L
7.8
B.B
9. C)

9.8
oêt
tr'1
8.7
9,1
9.5
9.4
8.9

{= t
I.j|. LJ

s.6
8.9
8.O
ÞT

9.7
9.7

I r_1. r_l

8.9
9.9

I (:r. 1

8.7
Cf?

8.4
9.ö



TABLE 1 1 (conti nued )

TIRRAWARÉA FIELD . F,ATCHAI^JAFRA FORMATIEN
SANDSTONE F'OROS I TY VALUES

hJELL
NUMBER

f:AC I ES
ASSOC]ATÏON ?E

FOROS I TY
FERCENTAGE

FACIES
ASSOCIATION TA

F.OROSITY
FERCENTAGE

TIRR. 4B
49
50
E1
e2
e?

34
EE
ÈJ'J

5é
37
5B
59

1

1

t

I

lt

il

lt

I

lt

,t

ll

I

tt

il

T.N
T.W
RAI-';

8.9
9.6
B. C¡

1(). C)

9.6
9.7
9.3
9.6
q.a
?.4
8.4
8.4
9. Cl

8.4
9.Q

Ë
I
g
I
I
I
C,

I
(J

g
I
g
I
E]

7

I
7
3
2
I
B
3
4
3
6
(:¡

4
t')

6
9

I

1



TABLE T2

TIRRAUARRA FIELD, PATCHAIJARRA FORIIATION
CORE BOUNDARIES

UELL
NUI1BER

9A23
9058
9r04
9235
9670
9730
9248
9324
88óO
9042
8990
917 t
923r
929r
935 1

e385
9445
9904
9953
9r35
9163
9846
8955
8999
9015
9036
9064
9138
9t6r
9630
9642
9085
9105
9044
973r
9763

CORE
NUIlBER

TOP
( FEET )

BOTTOIl
( FEET )

TIRR. 1
tt

TIRR, 2
il

il

il

TIRR. 3

TIRR, 4
tl il

TI RR. 5
lt

il

I

ll

tl

lt

il

ll

ll

il

tl

tt

tl

il

11
t2

tt

tl

13
tl

lt

il

lt

16
il

17
tt

19
lt

28
20

,t

TI RR.
TI RR.

il

ÏIRR.

TIRR.

TI RR.

TIRR.

TIRR.
TIRR.

il

4
5
1

2

4
1

2
1

2
1

2
3
4
5
6
7
I
1

1

2
3
1

2
3
4
5
1

2
1

2
1

2
1

I
2

8997
9023
9044
91 80
9ó 10
9c7O
91 88
9274
8825
9008
89ó0
9T1L
9171
9231
9291
935 I
9385
9870
9900
9095
91 40
9823
8949
8955
9005
9030
903ó
91 0ó
9140
96t7
9630
9058
9085
9014
9706
e736
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