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 ABSTRACT - - . .l

The Nlnmaroo Formatxon (Upper Cambrlan -;Lower'Ordov1onan) has a .' B

'.w1despread dlstrlbutlon 1n the southeastern Georglna Basxn of Queensland and the

Northern Terrltory, extending from northwest of the Toko Syncllne to the east ‘J»‘

‘and south over the Smoky Antlcllne to the Burke Rlver Structural Belt.~ It :
__overlles Mlddle and Upper Cambrlan unlts w1th dlsconformlty and unconformlty,
' except in the Toko Syncllne and Southenn Burke Rlver Structural Belt where the

sequence 1s conformable. To the west'of the Toko Syncllne 1t ;nterflngers '

'laterally W1th the Tomahawk Beds. The upper boundsry As’ an ercs1ona1 surface

e everywhere except 1n the central Toko Syncllne, where 1t 1s apparéntly conform-

- and comprlses bltumlnous llmestone, 11mestone, sandy llmestone ~dolostone,

.ably overlaln by the Kelly Creek Formatlon.< The formatlon is up 950 m thlck

v”_calcareous sardstone, 31ltstone, and mlnor shale. L1thofa01es dlstrlbutlon 1n
“the Nlnmaroo Formatlon 1nd1cates a sequence that is- progradatlonal to the east
”an southeast.ﬁ The sequence con31sts of a basal 001d carbonate llthofa01es
. overlaln by~ pelold carbonate 11thofac1es, a terrigenous llthofables 1n the Toko
“Syncllne, flat—pebble conglomerate 11thofac1es, mlxed carbonate 11thofa01és 1n
"u'the Toko Syncllne, skeletal carbonate and pelold carbonate llthofac1es~¥& the

“w';Burke ﬁlver Structural Belt.- A crystalllne dolostone llthofacles occurs ‘mainly

"!along fault zones. Most of - these llthofacles accumulated by cycllc sedlment—:,"-"

ation, whlch produced sheet dep081ts Ov1-4.5 m?thlck. Three cycles are Ly

recognlsed, cryptalga- carbonate, pe101d carbonate, and skeleta1-001d

carbonate.;'_ - M R Tl
. - . D . i . ! -
. ._“_‘:"‘__) . . L ) . i s ,‘: i Y
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S 7*";g;w_f,w»i;leTRonucTIqN?}”t;f., i
_ Thls report documents the llthostratlgraphy of the Nlnmaroo Formatlon .
,‘(Upper Cambrlan - Lower Drdov1c1an) 1n the Georglna Ba51n.y Carbonate rock typea
_are descrlbed, sedlmentatlon cycles 1nterpreted and llthofacles deflned. o
’ : The study 1s partfbf the 301nt Bureau of Mlmeral Resources/Geologlcal
B Survey of Queensland Georglna Ba51n Progect,‘a multldlsclpllnary program, f;
undertaklng research 1& stratlgraphlc ‘and " structural problems as well as

'assessment of economlc potentlal of the reg1on. ,'
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' Fleldwork commenced in 1974 and contlnued through to 1936 in the BMR
Georglna Basin Progect. E.C. Druce, J H. Shergold J.J. Draper, C. R. P01nton,“‘[.

and J.‘Kennard prov1ded frultful dlscu331on and as31sted 1n the fleldwork. K,'n

‘ Helghway prov1ded loplstlcal Support throughout the entlre progect and hls

.faunas are much appreclated. Faunal determlnatlons were klndly Prowlé,d by E C. -
© Druce, J,H. Shergold and. Jo POJeta, Jr, _1A¢J‘

: T v]f*f' ;,w‘
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A thlck sequence of 11mestone exposed at Mount Unbunmaroo Mount ‘
liNlnmaroo, and Mount Datson 1n the Burke RlverrStructural Bel% was named the ;_Q”,'
},Nlnmaroo leestone and 1nterpreted as hav1ng ah age of Cr01x1an (Late Cambrlan) "
%o Early Ozarklan (Early 0mdov1c1an) by Whltehouse (1936) -No further work was' e

fundertaken untll the late 19503, when the Bureau of Mlneral Resources and the
'Geologlcal Survey of Queensland commenced reglonal stratlgraphlc mapp1ng of e
T 250 000 Sheet. areas in the Georglna Basin. ' A R :
' The Nlnmanoo leestoneJ.Whitehouse, 1936) was.. 1ater subd1v1ded"1n-stwo-~'
’*“_“*‘formatron37~the lewer Chatswertv?" ‘

_ e overlain b{ the Nlnmaroo Formation
(Casey, 1959) . Thls subd1V181on and change in name was’ based on ' the prevalence
of dolostones and sandstone 1nterbeds 1n outcrops to the west of the: Burke Rlver

IS
I " : A ¥ - -



: Structural Be]t. (

- The . fauna of gastrqpods, nautnlo:ds, r:belrlozds monoplacophorans,
Pbrachzopods,_tr:lob:tes, coralllne algae -and ech1noderms (G1lbert-Tom11nson,
.1959) was noted to dnf?er between the lower and upper parts of the formatlon :
.(Oplk 1960). _ An unconformable‘ 1q%Stact w1th the overIyzng Sw:ft Beds was¥® $ B
reported by dpnk (1960) and BrOWn (1961) ‘ _5;'*'.:~ R :~ff¥ E.~'5-'ﬁ;r.

e The extent, strat:graphlc relat:ons and tar:athns of the N:nmaroo _
‘”Format:on were - progress:vely def:ned by reg10na1 mapp:ng on the Urandang1 Sheet
';(Noakes & others,_1959)' Boulla Sheet (Casey, 1960), Tobermory Sheet (Smnth &

. Vihe, 1960), Duchess Sheet (Carter & Gplk 1963),‘ y River Sheet (Smath 1963)
;; ’ Sandover R1ver Sheet (N:chols, 1964l and G;enorm1stonwand Mount Whelan Sheets
c (Reynolds & Prltchard 1964) =;ﬁ=:, . ‘13‘-'; , nﬂ,._ﬂi.~ o gg~

P ..

'y :
In the Urandangl area, bedded dolostones Were mapped as the N1nmaroo
Format1on~(d?oakes-&~oth‘ers, 1959).° ‘Inrt}re—‘l‘ob“ _ rea; e forma: ,

was descrlbed as overlaJn by the Kelly Creek Format10n (Smlth & Vlne, 1960) and.

was later shown to 1nterf1nger WJth the terr:genous Tomahawk Beds (Sm1th 1967)~

o L S S o
beneath it o = .~~< -ya.-»': : o - i

- v

TR e .1J_
On the eastern 11mb df the Toko\Synclane (Mount Whelan and Gl orm1ston .
,c‘>‘;f:f
nautnlolds and r1be1r101ds that was. cOmparable to that known frOm the;B u11a

. Sheet areas), fivé Jnformal rock unlts were recognlsed, contalnfhg a- fau

| area (Pr1tchard 1960) A more complete documentatzon of the fauna by Reynolds
(1968) lnsted algai stromatol;tes, ndyti 01ds, brachlopods, r1be1r101ds,z~ :
gastropods,_tr1lob1tes, conodonts, .and echrhoderms., The formatlon was.conszder-e“
.. ed- to be dnsconformable on the Georglna anestone, and to grade 1nto the e ‘@3
eﬂerlylng Kelly Creek- Formatlon (Reynolds'& PrJtchard 1964) Th:s upper (QEi): )
contact was later shown to be'a: dlsconformnty (Reynolds, 196&) . f N ;: fg,%
Further to the work of Casey (1960) in - the Boul:a Sheet area, a, more 1 a-!
deta:led lnthostratlgraphlc and petrographlc study was undertaken by Brown o .
<(1961), who concluded that ‘the Nnnmaroo Formatlon JS the - result of carbonate and -
terr1genous deposntlon in warm shaliow t1dal seas w1th spasmod:c and cycl1c o
"'transgre331ons as well as the perlodlc emergence of 1s1and channs.' Dep031t1on
was. consndered to be 1n a gulf a north—south graben that correngnded to the
Burke: River Structural Belt (Bou11a and Duchess Sheet areas) ' Subsequent
.detalled bzostratngraphlc stud1es establlshed assemblage zones based qn conodont
- faunas (Druce & Jones 1971) and 1ndlcated a general younglng of the sequence to -
*  the south (Jones & others, 1971).. Further mappnng at: 11100, 600 scale (BMR’» i’
*"“Wmnmmmﬁrm&%nmwmaw}mum

spatial dnstrnbutlon of Jnformal members, modified from Brown (1961) w:thnn the

EERIE |
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. manageable scale by the procedure descrlbed 1n Appendlx II. ;»;
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Burke Rlver Structural Belt The overlying Sw1ft Formatlon was proposed to"be,
in part, a regollth that accumulated over a weathered surface of the Ninmaroo
Formatlon. Recently, the rlbelrlold (rostroconch) fauna of the formatlon“has

been descrlbed and related to the’exlstlng biostratlgraphlc framework (Poaeta &

- others,. 1977) "3*”--'31,,- e ;]5‘7‘f~ﬂf'i“f . .ﬁ** ‘“”4;)-f -

. Rev1ews of. the stratlgraphy of the Nlnmaroo Formatlon are glven in S
Smlth (1972),, Shergold & others (1976) and Radke (1980) o f.w;g;q;n
o ’_ﬁ-_..u’hfét/,;p’ IR ‘."&i¢ g hi”~'g;ﬂ;v R
’ ~ . L REARE :v- _' /AT o T i o N B '-7::“',-. \ - R -‘ - : B .-'.. o . o ‘/’"fd' .
D T S fﬁ"”'ﬂ Methods of investigation . =~ R - L

o : g 3 R po . ST

Fleld qacamentatlon g

The . obaectlve of the f;eld work watho acqulre a representatlve‘
sampllng of‘the\ﬁznmaroayFBrmatlon over-itg otraphlc extent and the. spectrum

of 1ts tectonlc settlngs. The locatlons of stratlgraphlc sectlons were se'ecl

fromaj 250 000 BMR Gebloglcal Serles maps -of . Boulla,‘Duchess Glenormlston, Hay
Rlver “Mount Whelan, Sandover Rlver Tobermory, Urandangl, as. well as unpubllsh— ?
ed maps of Brown’ (1961) and the 1= 100 OOO BMR prellmlnary edltlon og the m;”"

Southern Burke River Structural Belt. Sectlon llnes were determlned from the

‘relevant aerlal photographs"1 80 OOO RC9 Serles and 1 26 OOO colour Serles..’

Sectlon locatlons are %lven 1n Appendlx III. Each selected locallty was mapped
at photo scale. In most areas the sequence 1s flat to gently d1pp1ng (<5 }
degrees), but steeper dlps (up 4o 60 ) occur in narrow fault‘blocks and 1n large
folds. Sectlons were measured w1th Abney 1evel and Jacob s staff.ijln dlssected

terraln, sectlons were measured along spurs of rldges, a comprqmlse between

access and mlnlmal scree COVerage. Creek sect1ons were. generally unsultable

because of masklng of outcrop by f&ood debrls and calcrete coatlngs. R

Cot

'r” .
Stratlgraphlc 1nformat10n was logged at 1 200 scale 1n the format

e,

N outllned 1n Appendlx I.' These sectlons Were too detalled for general llthOh

facies trends to be readlly apparent and were. subsequently reduced to a

.St

. B . T . "v.. R
Ra

» Chronostratrgraphlc correlatlon 3‘ﬁ-f?*'i e A':"' _ I

Y

vyt .. To put Nlnmaroo sed1mehtatmon in ' a time context, chronostratlgraphlc';‘

unlts were superlmposed on stratlgraphlc sectlons. The chronostratlgraphlc

cla331f1cat10n adopted is that of Jnnes*ﬁ others (1971) based on faunas of the
%ﬁ«\

' Nlnmaroo Formatlon 1n the Burke Rlver Structural Belt. The stages are

,: Payntonlan (Late Cambrlan), and Datsonlan Warendlan and~post-Warend1an '

(Arenlglan) of the Early OrdOV101an.,’Sub-stages 1n the 0rdov1c1an are numbered5



- Canberras. Assemblage determlnatlons we

<‘sequent1ally from 1 3 in the Datsonlan;

Arenlglan._p R o 5;».'

I

trat181‘3Ph1c sections for conddonts,"’“'
trllobltes, and r1be1r101ds. Fhe' conodont samples were processed in the BMR

'Moblle Conodont Laboratory in the f1eld and 1n the BMR ‘Acid Laboratorles, S

_ Samples were collected from the

made on conodont faunas" by E. C. Druce

"(personal communlcatlon, 1974 76), on trllohlte faunas by J.H. Shergold e
(personal communicat1on, 1976), and nostroconch (rlbelrlold) faunaszbnyojeta &
others (1977) « Thes
,others (1971)

"termlnatlons supplemented the earller work of JOnes &

‘ Conodont assemblages'prov1de the best zonal resolutlon 1n the 1ower
Ordov101an.> HoweVer, 1oca11t1es w1th sufflclently prollflc faunas for adequate
resolutlon are restrlcted to the Burke Rlver Structural Belt and the Toko ;

' 'Syncllne. Elsewhere, zonatlons are . based on add1t1ona1 trlloblte and r1be1r101d
%

Vs

"'.determlnatlons. But these do not have the same resolutlon as conodont

asse e zones and, consequently, the reglonal correlatlon 1Scnot of - a
cons1stent resolutlon ‘alth _.' ffs adequate for the: reglonal synthes1s 1n
thls study. 4 "f ST ‘<;-fLT,.3'1&fijvé.‘ “-~ T

) o ) . . »,4’ v H -\ . - l ,.“ . . .. ?;‘/' Q/

Reglonal Synthesls "“*iﬂ{;;;*' | '11;"@" -

Maps of outcrop, thlckness, and - stratlgraphlc contaets wlth the ‘
Nlnmaroo Formatlon were complled from 58 stratlgraphlc SeCtlth measured from
ioutcrop, 1nclud1ng 17 sectlons from the Boulla area prov1ded3by E C. Druce and

N PN P Draper (personal communlcatlon) 1 250 OOO BMR Geologlc maps,‘and prev1ous

=

stratlgraphlc boreholes. These 1nclude Beantree No. 1 (Ph1111ps Petroleum, N
"1963), Boulla No. 8 and Duchess No. 13 (Kennard & Dnaper, hQ\g) BMR Cockroach
(Smith, 1967), Ethabuks No. [ (Alllance 011 Development 1975), Mulga No. 1 .
(Alllance Petroleum Australla, 1965) Nettlng Fence Nou 1. (Papuan Aplna1p1 R K:E
Petroleum Company, 1965), and The - Brothers No. 1; (French Petroleum Company,

1965) . : ,‘,‘ Twum ,:>_. KC v .ﬂf" : '

- aa
€.

':_ In thls report ‘the reglonal pattern of Nlnmaroo lxthofacles 1s based )

on a . representatlve cross—sectlon of the maaor structural and dep031t10nal

reglons. Seven stratlgraphlc sectlons (Appendlces I and II), some of whlch are

"ucompos1te sectlons, include two sectlons from the Toko Syncllne in a northwes¢

line, one sectlon from the northern part -of the %Bpky Antlcllne,‘and four ’
'sectlons 1n a north-south llne w1th1n the Burke Rlver Structural Belt.;u

The Cambrlan-OrdOV1c1an boundary was. used as 8 chronostratlgraphlc -
¢ datum. Smaller sectlons of younger sequences were posltroned approx1mately w1th
‘respect to thls chronostratlgraphlc datum.li o ', » ~f”t



. carbonates were%determlned by cathodolumlnescence (Slppel & Glover,

.:'allowed to dry’to a smooth surface.' Determlnatlons were made u31n ﬂCu K¢ 3X7¢,,;\'

N radlatlon on a General Electrlc BR Model Type I lefractométer.

) N L T L . , L ) Lo } . e

Laboratory methods:£¥g;3ff*l:x "_j B .Vtvf&fto*t ‘f;;-i;-fg:tﬁ;'j'

. 4 <
B . FE E -
a4

The petrographlc study of carbonates Was based on 280rs‘a1ned th1n o

Wentworth (1922) Cla331flcatlon of sedlmentary carbonate texturesbfollows that

of Dunham (1962) and for crystalline textures and fabrlcs, ‘the! term“'ology of
Frledman (1965) is’ used.

- ¢ l. - . N " ot T e L - . )
o = : A . . -k

Mlneralogy of the carbonates was ascertalned by, selectlvef Jat@ipg-ior"“”"

£ rroan and non—ferroan calcltes (Frledman 1959,‘§§%kson, 1966) dolomite”

(Frledman, 1959) } Addltlonally, stalned acetate peels were prepared‘after the
" technlques of Dav1es & Tlll (1968).~ Wherg stalnlng was not effectavew growth

zonatlon in crystals, and relict sedamentary textures in. recrysta

1 955:;’ o
Meyers, L R IR R S

] ot »‘
‘

- -Non- carbonate mlnerals.were determlned by optlcal propertles and X—ray

LA Y

dlffractlon.‘ The presence of traces of sulphates 1n some carbonate rocks ‘wag: o

determlned by X—ray dlffractlon of the heavy fractlon from 1nsoluble re31dues.
:idltlonal determlnatlons ‘were. attempted on a smaller scale us1

anning electron mlcroscope w1th an ORTEC energy d1spers1vef

unlt.

necessary to have adequate mlneral purlty in. the partlcles to make the bromoformfg'"

separatlon effectlve. Separatlon was accelerated u31ng an ultrasonlc bath..
Heavy fractlon ylelds were, frequently less than O 1 gram. For X—ray sample

preparatlon; a’ petrographlcaglass sllde was smeared w1th a mlxtwre>of powdered

heavy m1neral extract and splke (fluorlte) 1n a; Duco cement al tone medlum andb

: SR e S B A
o © 'y .° . @Gécdlogical setting -,

. . 5 N R 3¢ . v . - c. .
e . - - (RN o . [ Y

‘ The Georglna Ba31n covers approx1mately 325 OOO square kllometres 1n
western Queensland and the Northern Territory._{_; fﬁ‘? : '




W"'comparable facles to the Nlnmaroo Formatlon and, 1t i

Sedlmentatlon was 1n1t1ated in the ba81n in- the early Mlddle Cambrlan '
'and contlnued 1nterm1ttent1y through the mlddle §a1e0201c. - The sequence ;?‘“

g con31sts predOmlnantly of Mlddle Cambrlan to Mlddle Ordov1clan shelf sedlments,A

carbonates in. the north and east and mlxed carbonate and terrlgenous rocks in ,f

Sl

the west (Flgure 1) l - ff.."'

Basement under the ba31n is: an 1rregular surface of granltlc rldge andf-'

" depression’ topography, subdued by Upper Proter0201c to Lower Cambrlan terrlgen-ii;g

-ous sequences.. The western 11m1ts of the bas1n are both er051onal and tecténlc”';’

contacts wlth the Precambrlan Arunta Complex. To the east 1s the Precambrlan
Cloncurry Complex, and to the north the Adelaldean South Nlcholson Ba31n "
(Smlth 1972)% Mesozo1c bas1ns overlap the Georglna Bas1n° the cé??ZHtarla
Bas1n to the northeast and the Eromanga Ba91n to the southeast.

In the southeastern reglon, the 81te of Nlnmaroo sedlmentatlon, the

131gn1flcant structural elements that 1nf1uenced depos1t10n\and subsequent

~er031on have north—northWest trends (Flgure 2) The easternmost element 1s the" =

fBurke Rlver Structural Belt, a down-faulted block w1th conflnlng faults that
'extend north 1nto the Precambrlan Cloncurry complex as magor features., To the
'west lies a broad antlcllnal swell the Smoky Antlcllne, Wthh is also a o }.
. southern exten31on of the Mt.,Isa orogen. The western s1de of the swell d1ps
fjgently below the" Toko Syncllne (Flgure 3), an asymmetrlc fold w1th a steep
'_’western llmb that is in. part overthrust from the west by a block of the
;Precambrlan Arunta Complex.' Thls syncllne deepens to the south, plunglng below

the Mesdzolc Eromanga Bas1n. ' -'.' V,“u‘ ' ‘r-nn'
. . )

: The Upper Cambrlan - Lower 0rdov1clan Nlnmaroo Formatlon dlsconformably 5;

“verlles in’ part Upper Cambrlan unlts, WhICh generally are t1me transgres31ve

f'dep051tlon4 The Upper Cambrlan Arrlnthrunga Forma 1on 1n the west is of

s poss1ble that’ they are

boﬁh of the same magnafacaes,'whlch has also been.tl e transgreSS1ve eastwards.if‘b'

The Nlnmaroo Formatlon was deposlted durlng ‘the: Delam‘rlan Orogeny (Webby, 1978)
and lles between two unconformltles of Late Cambrlan and early Arenlg age.a
. These unconformltles correlate approx1mate1y with the two maaor pulses of the

, Delamerlan Orogenlc act1v1ty in southern Australla (Webby, 1978)

- . . . . .. . P N L e
. - B . ._ . E C : . -‘*:"
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twards. These resulted from normal shallow marlne carbonate and terrlgenous e
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The Nlnmaroo Formatlon (Whltehouse, 1936 amended by Casey,,1959)
'con31sts of well bedded bltumlnous llméstone, llmestone, sandy llmestone, e
_vdolostone, calcareous sandstone, slltstone, and shale. The domlnant carbonate'; -
'rock types are pe101d and 001d gralnstone, Cryptalgal boundstone and lamlnltes,
tfflat pebble conglomerate, echlnoderm gralnstone pe101d and skeletal packstdne, ;
?jrwackes%bne, and, llme mudstone.v These carbonate types are varlably and repeated— WQ
v-.,ly 1nterbedded throughout the sequence.:i : ' o _ |

Lot LA L

f :;Distrihutiongfq

oG e

'. S R 9

ey

The formatlon extends over a large area of the eastern Georglna Ba51n,;<5fy
coverlng approxlmately 70 OOO square-kllometres of western Queensland and the h
'kNorthern Terrltory (Figs. b5 3), and 1s present on elght 1 250 QOO Sheet areas,
'Boulla, Duchess, Glenormlston Mount Whe and Urandangl Ln Queensland Hay z-iif@:
E Rlver, Tobermory and Sandover Rlver 1n th orthern Terrltory (Smlth 1972) 51;1?1
;7. - The. “nest’ comple&e sectlons 1n surface exposures occur in® the Burke' “y -
Rlver Structural Belt,~where localltles, 1ncluding ‘the type sectlon at Mount .b}
. Unbu oo (an..B, 6a) have up to 950 m of contlnuous sectlon on.. the western ‘
: s1den§§Ffaulted domes. The westerg marglncpf thls structural belt is’ down- ;;‘—f‘ly
,‘ faulted agalnst a parallel block whlch separates 1t from a flat-lylng reglon of..
1d1ssected dolostones further west 1n the SmokyﬂAntlcllne reglon. From here, the
.sequence dlps gently southwest 1nto the Toko Syncllne. Dolostones and terrlgen-‘-f
‘ ous/rocks‘%re domlnant on the eastern 51de of thls s}ructure, whlle,_on the o _4 ,
jwestern margln thlcker sequences of bltumlnous llmestones, dolostones and - ff“v}>
,terrlgenous rocks are presents The subsurface extent of” the Nlnmaroo Fdrmatlon B
remalns speculatlve because of the sparse dr1111ng and’ selsmlc coverage S
compared to’ the abundance of basement structural features (Flg. 2) that . have r
been delrneated by geologlcal mapplng, LANDSAT 1magery, and total magnetlc R
.1ntens1ty patterns. The easterly extent of the formatlon beyond the Burke Rlver
fStructural Belt is the least known,,as the Palaeozo;c sequence plunges below the :w

s

f onlapplng Mes0201c rocks of the Eromanga Basin..v-;-ﬂ”p;"i’f ;rfp'y E

.

a
!
\;
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Thlckness of the formatlon ranges from 40 Jo;11009 m.f The two belts ofa :
ﬂ maxlmum preserved sequence (Flg. 3) are the Burke R1ver Structural Belt and the

Toko Syncllne.~ Between these reglons the sect;on 1s thlnner, partl _ecause of *

eros1on. It 1s unllkely that the\thlckness of the sequence rn the central
reglon ever equalled ‘that to. the east and west. 'ﬁ,‘ J.j'.Vn
. R A _,a4»~‘j;v-.g, B L

-Stratigraphic ‘-Relat‘ions" RENTRES

_ The Nlnmaroo Formatlon 1s conformable over Mlddle .and Upper Cambrlan .
'ﬂunlts ‘in the western and eastern reglons (Flgs. 4, 5) In the central Smoky
ﬂAntlcllne reglon, it 1s unconformable over the Mlddle and Upper Cambrlan unlts

;'(Reynolds & Prltchard 1964, Reynolds, 1965, and Oplk, 1963, 1967), but 1s1u . 5

’,rapparently conformable 1n the Toko Syncllne and the northwest where 1t

i_lnterflngers w1th the terrlgenous Tomahawk Beds to the west.‘ In the north of

~ the Burke River. Structural Belt the formatlon 11es dlsconformably over a

karstlfled Chatsworth L1mestone but farther south thls contact 1s diachronous
*and conformable., A s1gn1f1cant dlsconformlty defines the upper boundary of the
Nlnmaroo Formatlon (Flg. 4) In the Burke Raver Structural Belt the overlylng :
'~)Sw1ft Formatlon is, in part, a regollth of accumulated chert and slllclclastlc'
d”;detrltus (Flg. 6b) from: subaerlal weatherlng and karst development on the
-Nlnmaroo Formatlon. Farther west the terrlgenous rocks of the Kelly Creek .
,Formatlon overlie a karstlfled and dolom1t1sed Nlnmaroo surface Wlth apparent '
.7dlsconform1ty. Where the Kelly Creek Formatlon has~been subsequently eroded

' Cretaceous, Tertlary, and Quaternary unlts ovérlle_the formation unconformably

-~

The Nlnmaroo Formatlon ranges in’ age from Payntonlan (late Trempeal-
'T“eauan) to’ post-Warendlan (early Canadlan) (Jones‘& others, 1971, Shergold &

' others, 1976). Tt
. 'Figuref16m

e reglonal varlatlons 1n age of the sequence are summarlsed in
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. 2) 'stromatolltlc mlcrlte w1th oollte, gralnstone, and brecc1a beds-'

i)‘ dolarenlte, dolom1t1c sandstone and’sandy dolostone- ”

SR

.g V ,‘ ‘ ' —15‘ '
.. . LITHOSTRATIGRAPHY

l-.\

Formation subdivisions' .

NS
ERRSR
i o

In thls report the 11thofacles are descrlbed and correlated throughoutf§i"

the extent of the formatlon. Slx 11thofac1es are recognlsed flve belng

comparable .to the 1nformal members of earller stratlgraphlc work 1n the Burke oo
River Structural Belt.- The remalnlng crystall1ne dolostone llthofacles 1s of
dlagenetlc orlgln and not exclu81vely stratlgraphlcally controlled.

o In the Burke Rlver Structural Belt there were several previous schemes';ﬁ

.

lwﬁorpthe subd1v1s10n of ‘the formatlon 1nto members. These were, proposed by Brown_'a
S (1961),. Casey, (1968), Jones & others (1971) Shergold & others (1976), and BMR. et
(1976). The presently used nomenclature is defrned in’ Appendlx IV.R Correlatlon'bﬁ

between these prev1ous schemes and the 11thofac1es subd1v151on is: shown in Table“
e T SR ‘, L ‘;-"4 {ﬂb»vl

As the twot reglons of. exposure of the Nlnmaroo Formatlon are separated
by both a central area of dolostones and a belt of no exposure (Flg, 3),

preylous workers were unable to correlate members successfulry.between the two

h reglons and, consequently, separate subd1V1s1ons of the formatlon were

establlshed 1n the . broad western belt.. Here,tthe Nlnmaroo Formatlon was sub- L

divided 1nto four’ members based on exposed sequences in the Glenormlston and

Mount Whelan Sheet areas (Reynolds &. Prltchard, 1964) The members are--
. N é‘ -" e A ! :

ot

4

3) :dolarenlte and dolom1t1c quartz(sandstone' i fﬁ .1;g. . ;liﬁf'“'ﬁ&:‘ip'

. 4) 'mottled and sandy mlcrlte gralnstone,,calCareous sandstone, stromatolltlc

. . b
- beds.- . o R S e
i T A A * : e
, S . .

Each of these members was documented from separate 1oca11t1es.t The area has

.underlylng basement highs (Wells & others, 1966) that were emergent before and;‘

'b after Nlnmaroo depos1t10n. The terrlgenous rocks probably ré?lect only locab
illnfluences of upllft and‘eroslon of basement. “"On the western 81de of " the Tokoa

-

Syncllne, the. sequence has a greater carbonate component wlth 11thofacles

comparable to those in the Burke '1ver Structural Belt.p To the northwest the

Nlnmaroo Formatlon has prOgre331ve _more 1ntérbedded terrlgenous rocks. and ‘an

arbltrary boundary (Smlth 1972) s parates the contlguous terrlgenous Tomahawk..
Beds to the west. ',i o 7; v% R : ".i

v

4

%



Subd1v191onskof the Nlnmaroo Formatloi

Burke Rlver Structural Belt
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= Slx 11thofac1es are.recognlsed in’ the Nlnmaroo Formatlon, f1ve j?i;ol", N
'carbOnate and one terrlgenous (Flgure 8) One carbonate llthofa01es compr1s1ng_,vf
;crystalllne dolostones,'ls of dlagenetlc orlgln andsconsequently 1s not always
fstratlgraphically contrqlled. Thls llthofacles conslsts only of dolostones
‘which have had prlmary sedlmentary textures obllterated. Dolostones wrth

sedlmentary textures preserved are class1f1ed 1nto the other flve llthofacles.

The formatlon con31sts of a sequence of:monotonously repetetlve rock .

,types, bd;, on. a larger scale, llthlc assoclatlons and generallsed trends are’ _
ip)ev1dent.‘;g:,. -'u“lf«?ﬁ ”-J,"f’.m’ﬂ”“"“rfyz-m.)"lf'3 j-vf"‘f‘]: f®&fﬁf S
' . Eaéh llthofacles comprlses several rock types, but is characterlsed by,?\#
one; The repeated assoclatlons of rock types are 1dent1f1ed as components of

sedlmentary cycles. A 31ng1e llthofa01es may contaln up to three types of

sedlmentary cyles (Flguré 9) ﬁ\\xl'- o f“,]_"fvxf L ',ﬁ}g'ié"g'l “ﬂ?f':{” '

. Ana

Ao
e

Thls SeCtlon degﬁrlbes’ fh order of lncrea31ng CompleXltY,‘rock types;:f
sedlmentary cycles, and llthofac1es. Rock types wh1ch may be common %o several}5
llthofa01es w1ll be descrlbed 1nd1v1dually and then related in the descrlptlonw_-

of sedlmentary cycles. The 1arger scale patterns of llthlc assoclatlons w1ll ‘be
f:dlscussed in the descrlptlon of lithofa01es.p_,q'

The spat1al dlstrlbutlon of the llthOf&CleS is shown in Flgure 8. 'iﬁ-
“the Burke Rlver Structural Belt, 1t 1s comparable w;th the dlstrlbutlon of the
- mapped 1nforma1 llthostratlgraphlc members (EMR 1976)

| Cryptalgal carbonate "ln ff'.:;fv. .

Structures resultlng from sedlment-blndlng or carbonate preclprtatlngf
act1v1t1es of blue-green algae have been termed cryptalgal (Altken, 1967), ‘and
_may be elther lamlnated types terued stromatolltes (Kalkowsky, 1908) or non-
lamlnated types termed thrombolltes (Altken, 1967) U ."?’ .

Body geometry is used to dlfferentlate cryptalgal bodles. Two e
categorles are used, the bloherm and blostrome as. deflned by Cummings (1932), ;t;;
and dlstlngulshed by an upper llmlt of - the breadth to helght ratio of 30 1 forkla;
the bloherm (Nslson & others, 1962) Growth structures are. clas31f1ed on "

morphology to inelude both stromatollte and thrombollte, regardless of the [T

-degree of preservatlon of_lnternal fabrlc.' During formatlon, both types may

po Tl



POST - °

WARENDIAN -

N é} RENIGIAN), :
~

@« >.'wAmgN()|AN |wx

S o)

WAL

.« '

. O DAISC’NIAN (D)

PRESES

| PAVN”)NU\N/ .

WATE é:

oJeo]+

o O of.
o 0
o 0 O

|

alofs

o o
o 6
o 0o O

Lz

Figure ,.8

Report. N& IBI

Strohgrophlc

i
\
1
Ooldsca/bonak ]//thafac:es

vl‘lp g

.

. -

Vi . Tetngenous thotacies

_«F | 'VId Crystatine dolastone facies
L : g

relohonshlps between the Ni

and bnostrohgrOphlc units

C W, .
Pelord carbonate donunant hithofacres

" Nps. . Pelgid and skeletal carbonate ithofacies . .

: Ilbl‘c - Flar-pebble conglomerare carbonale /:rholaz:/es

mroo

lithof_ocies; .,
16/F54/7




T

I3
08
ens

..

.o a0e:

133 . 0o

(1] 133

e e oY
08900800080
900000880800

.

. e
133 e
o0 o

00600 0e
9000000
8

o8

I3
00008
0000088
csennee
0060008
sosvese
ese0se.

@

i ’.\ 99000083000 222

. : &

el

> N

y . Fa
. L .
% o
se .

3 “
it

1

Re,pq,rj ;No; ,!8

:Figufe :j9lf

l 3

'.Occurrence of sedlmentory cycles ln the

@ vln'fhofames of -the ‘Ninmaroo Formahon
‘ Burke Rwer Sfruc'fural

I6/F\54/8 s

o
Lo



,-'"‘ | .;_, 'f} ,n.i.;.- -‘ ‘3“i'.-20-p~,_f' o o “9

‘have’ been lamlnated but such features may have been modlfled or obllterated by :"')

'»,organlc or d;agenetlc processes. Growth forms comprlge mound structures,

oncolltes, and planar layers._ Mound types form blostromes where they are’ ,.‘v¥~;l;f:m

'closely grouped and extens1ve laterally. More commonly they occur ds bloherm;\\.{jrz
J fcompr1s1ng smaller groups or 1nd1v1dua1 mounds. ,1”, ,.f‘ T A _ :,tl.u
k Fenestrae (Tebbutt & others, 1965) are fbrmed by ‘the interactlon of -,!l*f
. algal mats,‘the sedlment, and d1agenet1c processes,,such as des1ccatlon,iuf}?ﬁ"{'

ox1dat10n, llthlflcatlon (Logan & others,f1974) and the dlsplr"

. i'" .

ve: growth of o

"devaporlte m1nerals. The descrlptlve>cla531flcatlon4€sed;for fenestral fabrlcs
U 'is that of Logan (197¢) This dlstlngulshes three fabrlc patterns 1am1n01d
(Tebbutt &~ others, 1965), 1rregular, and tubular, each of whlch are further 2.

'subd1v1ded on’ average void 81ze (Table II) el S _@";",, “V

Cryptalgal bodles are//pmmon 1n*the Nlnmaroo Formatlon, especlally 1n :
‘the Smoky Antlcllne reglon,ywhere they are the most consplcuous 1f not domlnant
" rock type.:‘._fgfwwfj“ ‘ g8 '
R B

-

. " P ( ) .
Mounds .-~
aounas

_ Mound structures are Qﬂ/sever/I/types and are d1st1ngulshed by surface
'rellef and morphology., Thesg are columnar, close-crlnkred open—crlnkled or
smooth mounds. Stratlform layers have either smooth or crlnkled surfaces but:r"?‘

will’ be dlscussed collectlvely as 1am1n1tes.g.

3 A -
Columnar mounds- Columnar mound bloherms are dlscrete domed bOdleS up“

~to 2 metres hlgh ‘w1th1n thlck beds of cross-stratlfled pe101d—1ntrac1ast or"
®

¥"001d gralnstones.: The mounds are c1rcular to oblong in plan, 2 3 m w1de 4-6 m o

long, and. have an apparent re;‘" .of 1-2 me They occur 31ngly or 1n olosely-

Uspaced c1rcular groups up to 11 m acress.' Each mound comprlses a group of" ) o
' fsmooth c1rcular columns, 0 4- 0 8 ‘m dlameter, up to 2 ‘m hlgh and *when closelyff
:75packed the columns are polygonal 1n outllne (Flgure 6c) Some columns are'

' ,sllghtly arcuate in sectlon, curv1ng 1nto the centre of the blohermfat the top.vp”

Undercut re—entrant»cav1t1es may be present on one 81de of the bases of some
. 2 [ . ) "’\ 5 .

jcolumns (Flg. 6d) - : .}, - j'_ S o

' ”Internally, the columns are zoned hav1ng a perlpheral r1m of

homogeneous to mottled llght grey . mlcrlte, whlch grades 1nto a central core of

‘cfenestrate boundstone ~with mudstone and.wackestone texture, crudely layered
leth 1rregular, pseudocolumnar, gently convex lamlnae (Flgure 6e).: Flne to ;
medium lam1n01d fenestrae enhance lamlnatlon, and med1um to coarse; 1rregular
fenestrae show outllnes of gypsum crystal clusters. Intact r1be1r101ds,'”
‘stralght naut1101ds, and fragments of trllobltes are. 1ncorporated in thls -

boundstone. »



Cla331f1cat10n of Fenestral Fabrlcs

N l,':' ST " .. L: (after Logan, 1974, p- 214)
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s

- the orlented mounds, where stralght nautllolds and dlsartlculated plates of

e

' ,lgz;i :

and encrusts a scalloped to cuspate eroSmonal surface on the mlcrlte rlms of the
columns._ This- boundstone 1s darker, bitumlnous, ‘and mottled with pe101d-~ -
1ntraclast gralnstone, packstone, and wackestone fabrlcs, whlch contaln a sparse

- but dlstlnctlve fauna of- nautllolds, trilobltes, r1be1r101ds and brachlopods. ;

X cryptalgal boundstone fllls the 1ntercolumnar spaces 1n some mounds ,75‘4?

Yo

%

Where zonatlon 1s absent in the columns, the fabrlc 1s mottled and thrombollt- A

”~1c,‘eﬁhanced by selectlve dolomltisatlon of the mottllng.

'- The bloherms over11e an 1ndurated pavement of cross—stratlfled pelOId—‘
1ntraclast gralnstone. Slmllar cross-stratlfled coarse gralnstone beds abut and

drape over the mounds. These~
(Flgo 60) . “ /

Close-crlnkled moundS'\*

eds. are moderately bloturbated and dolomltlsed

i

bloherms, 0 1- 1 m high, and from 0.4 m w1de and 0 8 m 1ong up to 2 metres _

dlameter.- The subspherlcal forms whlch are commonly oblong, are most probably
or1ented perpendlcular to local strandllnes. The mounds‘have an apparent rel1ef
of O. 04 1 m, but most commonly about 0.5 Me e

The bloherms have a: crenulate surface (Flg. 10a) llke the Crxptozoon

' form of Logan (1961) w1th 1nternal closely-packed branched and unbranched

columns that have low to hlghly convex lamlnatlon. Thls lamlnatlon 1s deflned

by dlstlnct colour alternatlons. Flne lam1n01d fenestrae are uncommon. " In the :
V‘subspherlcal forms component columns have a rad1a1 pattern.' In the central

zone, columns are erect W1th symmetrlcal lam1nat10n.‘ Perlpherally, columns are’,Lfnﬁ

1ncllned w1th asymmetrlcal lamlnatlon, Wthh 1nd1cates geotroplsm or -
phototroplsm (Flg. 10b) _ R '

“lose-crlnkled mounds are subspherlcal to domed

Generally, ev1dence of bloturbatlon and of a fauna is. absent except 1n .

N

chltons may be present.

‘Substrates are 1ndurated and eroded surfaces on 1mbrlcate flat-pebble,f

conglomerate, 001d pe101d gralnstone, or cryptalgalamlnltes. AdJacent e
llthologles are domlnantly cross—stratlfled 001d, pe101d, or 1ntraclast/gra1n-ﬁ
stone, 1mbrlcate conglomerate, pelold wackestone or mudstone.- Layers of '
solutlon-collapse brecc1a w1th dlstinct but 1rregular 1ower oontacts commonly

occur along the tops of the bloherms where mudstones are overlylng. Evaporlte

nodules, sulphate crystal moulds, and er031dnal_5nconform1t1es Wlth cuspate or -

1rregular surfaces (Flg. 11d) are common w1th1n the bloherms.

.»r_

of domed, subspherlcal, and bulbous shape, as well as blostromes of sllghtly
domed to’ tabular form. Bloherms are typlcally 0.02-0.5 m hlgh 0+.2-2 m 1n o

dlameter (commonly O 5 metres), and have a rellef of 0. 01 to O 5 me

o . . - ~

Open-crlnkled mounds. Opeprcrlnkled surfaces are present on bloherms;ﬂr_f:



gralnstone or rare breccla 1n fenestrate mudstone and wackestone. Sulphate o

.crystal moulds, preserved as 1rregular fenestrae, are ublqultoust Pseudomorphs;% :

K \ T ) ) e ' R
A LT, e B . : '

The characterlstlc open-crlnkled surface of these bodles results from
small columns that are 1-2 cm dlameter and spaced one’ dlameter apart (Fig. 10c) -
The 1ntercolumnar spaces are fllled w1th trapped detrltal sedlment bound/fnto‘fff”fjf'
flat cryptalgalamlnltes. Columns are orlented subparallel or radlate with o

respect to a- central growth axis’ of the body. Ind1v1dual columns ‘may .. be 3‘

branched anastomos1ng, or. stralght ﬁith connectlng brldges.f Where columns are o

y not contlnuous throughout the extent of the body, they starﬁ’an termlnate .

\\__,/,\ e \___,’/—‘
w1th1n dlscrete growth horlens that 1mply periodlc fluctuatlons i the growth

env1ronment.

The columns generally have irregular outllnes with a dlscernlble >;;:¢.
perlpheral zone, whlch may be elther homogeneous micrlte or a skeletal |
encrustatlon zone that ‘has varlable thlckness and denslty of encrustatlon. -
 These -are tthker on the undersldes of 1rregular1t1es on the surface of the
columns. The encrustatlon cOmprlses small porcellaneous brown ‘pustules . (Flg.; ;? s
10d) that are of probable foram1n1feral or. algal orlgin. Column centres con51st

- of elther a bloturbated mottled fabrlc or a poorly lamlnated fabrlp with a . |

planar or sllghtly domed nature. Lamlnatlon is 1nd1st1nct because of" 1rregular

~‘and gradatlonal %extural varlatlons, but mayqbe enhanced 1n patches by the o

presence of flne lam1n01d fenestrae. g St --1 o

a

Most but not- all open-crlnkled bodles have relatively abundant co
accumulations of" bound or attached Taunal elements compared to other cryptalgal
types. The fauna comprlses r1be1r101ds, brachlopods, stralght naut1101ds,
dlsartlculated trllobltes, chltons, and ostracodes.'pi_

The substrate is commonly 1ndurated con81st1ng of cross-stratifled _
pe101d or 1ntraclast gralnstones and less commonly, mudstone.f The adaacent and

overlylng rocks are domlnated gy edgewrse conglomerate. pe101d-1ntnaclast

of sulphate nodules and" collapse brecclas may be present. , L"‘- - H% -;: "'ro {'

4 i ”

- Repeated eroslonal surfaces w1th1n the mounds are common. Where

[
[SVRNERY

' extreme er031onal ‘scour has reduced mounds to a mere 1ndurated rlm, calyx ; a’

' structures of Logan & others, (1974), there are mod1f1ed m1croatoll fOrms w1th //[h

e : *“? : -
. _’\J : ‘I“" S ',‘
’ Smoqth mounds- Domed and bulbous h1oherms W1th smooth surfaces may

a central core of cryptalgalamlnltes (Flg. 10e)

‘ accumulate up to O 3 m thlck w1th 0 1 m rellef. The rellef generally varies -

~with that of the. substrate surface. “Where’ the bloherms are closely spaced they
‘may collectlvely form blostromes. ; _ o f i A L .Lécnw




. ' . . . : . . ' . . Lo Tl .
- - . . g . - ° . o, . . -

wgl-, . The smooth surface results from unlform amlnatlon,contourlng the shape, |

of the underlYIng structure 1n concentrlc layers g The presence of smooth | B e

surfaces on a varlety of forms 1mp11es underlylng templates of dlfferlng orlgln.f
.3These templates may be of any other cryptalgal quy type, but close-crlnkled and‘
,open-crrnkled forms are’ the most common substrates. These may‘haVe been '

d1rect1y eovered in. the smooth mat, or'may have been 1n1t1ally 1ndurated and/or

St oL

eroded. Add1t10nally, 1mbr1cate and edgew1se conglomerates also occur as

. . PN . o e 1 , ) o . N \ T
substrates..hﬂv P _."u - S R I W

Laminites i ‘ ,v - "': .“:ffigif l]L.V : e S
_________ N ' Lamlnltes occur as exten31ve stratlform sheets (F&g. 10f) They have
o very low - rellef and blostromes are 0. 03-3 m thlcky ;ff,, '3[ ,-3 o

e ————

The bas1c unlt. the lamlna, results from -the 1nterplay of sedlmenta:monf,
and algal mat act1v1ty.g At one extreme, its o:igln‘may be entlrely sedlmentary, ,*7“
and at the other an algal or ;norganlc preclpltate. Between these extremes,
-spectrum of comblned sedlmentatlon, algal bindlng, algal textural mod1f10at1on,

‘as well as carbonate pre01p1tat10n exlsts. Often the or1g1n of a lamlna is
congectural without dlagnostlc ev1dence of algae or, in contrast tractlon":
‘-current features. BT . L o :'A"i_] ‘ff.*.' gﬁfﬁg,: o
yﬁ' Lamlnae range from 1 to 33 mm tthk-, Thln lamlnae are usually of one,'
"'colour and texture, recognlsable by dlstlnct textural d1fferences w1th contlg-.v
% uous sedlment. Thlcker lamlnae have dlscernlble sonatlon'w1th a thlcker basal
- zone above a sharp or 1ndlst1nct basal contact, gradatlona ;w1th a thln upper
'mlcrltlc rind. B .'" , : ,
' _ The basal zZone . 1s relatlvely 1lght coleured, comprlslng flne-gralned
: pe101d gralnstone, whlch fines upward to muddler textures. ‘The zone may. have
velther a vermlform fabrlc of . f1ne tubular fenestrae or of lam1n01d fenestrae_’
Wlth outlines of single or: clus ered gypsum crystals (Flg. 11a) The upper r1nd
is darker, f;ner-gralned_fcomm

aly bltumlnous and is elther homogeneous or has

~a1ternat1ng dark and llght layers"f ollve grey-green, grey, or. grey-brown
tones. Ind1v1dua1 lamlnae vary from belng.planar and of unlform thlckneSS'f
(Flg. 11b) to mlldly undulose W1th uneven thlekness when overlylng an undulose
;substrate.wwmg, S0 A F;'fg’,. PR : : ‘_

Qo

Substrates to tH7 sheets are commonly 1ndurated and vary from coarse
tpelmatozoan gralnstone to bloturbated ~packstone and mudstone. Shrtnkage cracks .
‘(Flg. 11c), indurated crusts, and eroded surfaces with overlylng flat-pebble and

‘d’jgrapestone-lag deposlts may be present ‘within the sheets.” Tops of sheets are -
| 'commonly er081onal surfaces 0verla1n by coarse?skeletal gralnstone, 001d
- 1ntraclast,‘and pe101d gralnstone or pe101d packstone.l‘




“fOncolltes EE ;"‘.?!? .

Oncolltes (Pla, 1933, Logan & others 1964) are asymmetrlcal ;fi Coe
-~rsubspherléhl bodles of 3 m1111metres to 1 centxmetre d1ameter, 11ght coloured,y
w1th large grapestone nuclel and . a. thln, 1rregular, outer concentrlc lamlnar .

" zone of varlable thlckness. Ind1v1dual lamlnae .are 1nd1st1nctly deflned bands“}_"
of mlcrlte. . «/_‘}, f»;kﬂig _";,7:”. ‘7' ’j'Ff?”:f?“}f"i,ubﬁl;,fp'-f’-. s

§
E

They occur 1n rare: strat1form sheets O 2 m thlck that have gradatlon- l
al lower contacts w;th underlylng 001d 1ntraclast gralnstones.‘"'

’ The' blostrome con51sts .of", oncollte 001d gralnstone and is texturally Pl
';Mmgd atelymsartedflm ﬁ” g::ﬂ';ac“fff,'tv'f‘pg .}*; 5;;>P;} :_; f. ?_v, *f°ﬂf(?-,

RSN
Ry . N
e
e S e SRR

.QPe101d Carbonate -‘f?ui'/”

Thls rock type 1s commonly thln to medlum-bedded but can be“lamlnated
'for thlck-bedded. Peloid carbomate 1s the domlnant'rock type 1n the Nlnmaroo
xiFormatlon and characterlstlc:3&y occufs 1n the upper parts ofssedlmentary L;f

J hcycles.. Gralnstone textures'(F1g. 11e) are domlnant and grade up into- less _
" ‘abundant - packstone wackestone, and mudstone%//Pe101d carbonates w1th boundstqne
..fabrlc predomlnaxe in cryptalgal structures.

Pelold carbonates comprlse pelolds w1th sub31d1ary skeletal partlcles,
 ooids, 1ntraclasts, and var%;ble amounts of mud. Cross-lamlnated pelold e =
:gralnstone commonly contalns quartzose and feldspathlc sand.. Pe101ds_(thee_&;f
- Gutschick, 1969) are of three types"‘j_- '
‘1)r small rounded lath-shaped partlcles, 100 um dlameter and 150 um long,-ﬁw} A
. probably of faecal or1g1n (Bathurst 1975, and Frledman & Sanders, 1978),:~.
- 2) ~rounded micritised partlcles of skeletal, 1ntraclast aggregate, or 001d*-"w
ﬂ’orlgln (Flg. 11e),;j _‘ ,' e “‘,“ S ‘
‘ 3),.1rregularly shaped m1cr1tlc partlcles of 100 800 um dlameter w1th
‘:]angular<1ndented outllnes produced by growth of sulphate crystals.
Skeletal partlcles comprlse sand-31zed pleces of echlnoderms,‘
ostracodes, and gastropods, as well as mlnor trlloblte, rlbelrlold, and :
brachlopod fragments, and sponge splcules. 001ds and sand—51zed aggregate lumps
are usually spherlcal.' Intraclasts are - rounded sand to - granule-slzed, spherlcal
to tabular gralns of pe101d gralnstone and packstone, whlch may have mlcrltlsed
'rlms and are thus gradat10nal with pe101ds.(vr"fw T .
The carbonates are commonly either cross-lamlnated or’ lamlnated with
' fenestrae, and have shrlnkage cracks,_bloturbatlon or overprlnts of crystal and
‘ nodular sulphates. s A . ' Qf>»



| appearance to the rocks. o

. Pebble—conglomerate carbonates

b .

Lamlnar, f1ne-grained pe101d carbonates characterlstlcally have th1n

dolomlte or yellow dedolomlte lamlnae, whlch 1mpagt a characterlstlc strlped

-_d,‘

°

e
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Of the 1ntraclast carbonates, pebble conglomerate is dlstlnguished from

- the flner-gralned 1ntraclast carbonate (Flg. 11f) Pebble—conglomerate

~carbonate oceurs 1n the bases of sedlmentary cycles formlng thln beds or

R

constltutlng the bases of thlcker, internally graded beds._ Two types of

L

cbnglomerate carbonate are. dlstlngulshed the abundant flat-pebble conglomerate

and the less common round-pebble conglo erate.

Flat-pebble conglomerate' Thls 1s a gralnstone,_less commonly a

packstone, with pebble—81zed dlscdﬂhaped 1ntrac1asts as the domlnant framework '

element. Pebbles may form an - open framework enclosed by a’ f1ner matrlx of

granule to sand-S1zed pe101ds, 1ntraclasts, 001ds or skeletal gralns. The‘f'}§f

pebbles are of. rounded tabular shapes (Flg..12a) that may be sllghtly arcuate °rﬂi,ll

"cuspate 1n cross-sectlon, and range from granules to pebbles 60 mm. long and 5 mm'

‘thlck. Larger cobble—s1zed 1ntraclasts are not as wellurounded or as: abundant.‘

Pebble elongatlon normally parallels the lamrnatlon of the host lu‘pology, whlch" -

1s flne-gralned pe101d gralnstone, cross—lam;nated sllty-to sandy gralnstone,_

o 001d gralnstone,vor cryptalgalam1n1tes.n The conglomerates are predomlnantly '

' monomlctlc w1th ‘the constltuent pebbles be1ng the ‘same as the underlyrng

~sediments, -and large-scale stratxf1cat1oh may be assoclated Wlth these ' ;f%‘

fabracs (Flg. 12d) oceur. where there is rellef on the substrate surface

substrate. Locally, pebbles may have 1rregular cryptalgal encrustatlons.;,c'
- The fabrlc of the conglomerates 1s varled, even w1th1n a slngle bed.
Low—angfe 1mbr1cat10n of the’ pebbles 1s:common 1n well—sorted unlmodal

r

-

1mbr1qat10n fabrlcs. R .' i~,'* _";’. RS ‘,-

Where' sand-s:.zed partlcles are . a slgn:.flcant component of the

conglomerate, the tabular clasts parallel ‘the. beddlng lamlnatlon. Edgew1se o

resultlng from holes or crev1ces or from cryptalgal mounds. W1th edgew1se ~'

fabrlcs, the clasts are 1nc11ned at a° steep angle to beddlng, and are- wedged

‘with a matrix of smaller partlcles. Edgewise stacklng may be extenslve '

vertlcally (Flg- 12d) although clast orlentatlons vary from hOrizon to
‘horlzon._yl, R - . ‘

Beds of flat-pebble conglomerate range from extens1ve sheets to - small '

".lenses W1th gradatlonal contacts.l These bodles normally overlle planar to

1rregu1ar eroslonal surfaces on. 1ndurated substrates of f1ne sandy gralnstone,

g — e
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pe101d gralnstone and wackestone, 001d and 1ntrac1ast grainstone, cryptalgal

_ mounds and lam1n1tes, and - lime mudstone.L;Eroded surfaces may recur w1th1n the

: conglomerate, but are only obv1ous at sharp changes of fabrlc and texture (Flg.'°

. o
12b)

L S i };.‘ C -
An almost ublqultous feature 1s the presence “of mesoscoplc solutlon-','-'

" mod1f1ed vugs that e1ther conform to the undersides of horlzontal pebbles, or

occur ‘within the matrlx at p01nts of contact between pebbles.' Somexvugs-havek_

geometrlcal shapes suggestlve of large crystal moulds. These are”filled with’

coarsely crystalllne whlte saddle dolomlte opaque red orange, or yellow
calc1te,vpurple fluor;te or- bltumen. L "'v %?'

Round-pebble conglomerate* Thls is" a m1nor constltuent compared to ;

"¢ flat—pebble conglomerate and. 1s characterlsed by more spher1cal and equant

L the underlylng substrate._',' S S v_:»Lf . ';ﬁfg{

pebbles whlch may be sllghtly deformed fron deposltlonal compactlon. Round
pebbles are smaller than flat pebbles having dlam rs of 10 -mm or less and
rarely exceedlng 30 mm (Flg. 12c) They are composed of 11me mudstone or .

lamlnated f1ne pe101d gralnstone and. packstone, usually the same llthology as

Other 1ntraclast carbonates'

- Oof m1nor, less consplcuous occurrence compared to pebble conglomerate,

.are 1ntraclast-pe101d carbonates, whlch are. medlum to th1n~bedded~or very. thlck.,’ -

where they abut- and drape over cryptalgal mounds. They are commonly stratified :
or cross-strat1f1ed gralnstones, that may be gradat10nal with coarse pe101d

gralnstone m1nor packstone and wackestone.

Intraclast-pe101d gralnstone consxsts of sand to granule-91zed

'1ntraclasts and pe101ds WLth variable amounts of" 001ds, aggregate lumps and’

skeletal partlsles (Nula, echlnoderm, trllobite, brachlopod, chlton and

ostracode fragments un1dent1f1ed fragments, ‘and nautlloids)

Intraclasts are equant to lath—shaped fragments of pelOId or. skeletal
gralnstone and - wackestone, commonly w1th cryptocrystalline rxms of variable .

th1ckness. Some 1ntraclasts have cuspate or rounded outllnes wlth angular'-

' geometrlc embayments (Flg. 11f) and overall varled complex shapes. These gralnsj{fé
©‘are mod1f1ed and reworked 11th0108168 overprlnted w1th retlculate fabrlcs of

.sulphate crystars. Addltlonally, some 1ntraclast gralnstones also have an

;-'expanded appearance W1th large pores, fewer graln-graln contacts, and some

flattened graln marglns resultlng from dlsplaclve inter-partlcle growth of

sulphate crystals.,
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'001d carboﬂhte ‘_' ) f'. e44'

001d carbonates are th1n to very thick-bedded, commonly cross-‘:

Jstratlfled, gralnstone composed of ooids, sand to pebble-31zed 1ntraclasts,

f,skeletal fragments (echlnoderm plates, trlloblte anﬁ mollusc fragments and

o I

1 <G1rvanella clasts), m1nor pefhlds@ quartzose sand, and aggregate lumps of p9101d ,w?

gralnstone- . 1'* SR '_,j S ";T'-"d;' LT , ) o
001ds are mostly 31mp1e but also superflclal .or. mlnor compound'forms._ ;:f
'Slmple ooids are. spherlcal to oblong w1th thlck coronas of conCentrlc regular '
[lamlnae and variably developed rad1al fabrlc.- Frequently the outer rlm 1s -
- altered to cryptocrystalllne calclte (Flg. 12e) | Nucle1 are small and usually B
' cons1st of flne sand gralns. Superflclal 001ds have thln coronas of regular
concentrlc laminae or 1rregular crypto-crystalllne coatlngs over well-rounded o
1ntraclasts ‘of fine. gralnstones. Bulbous to elongate compound 001ds 1ncorporate.d.;
smaller s1mp1e or superflclal ooids. . 'v o e ﬁ AR , B
B r,“ 001d gralnstones are commonly cross—stratlfied (Flg. 12f) or. planar-
' - stratlfied, and are in places assoclated w1th cryptalgal mounds or lamlnltes.
. Dep031tlonal fabrlcs are modlfled by dlsplaclve growth of sulphate crystals. S
| Oomoldlc por081ty ‘has._two. expre331ons. One 1s in a varlegated dark -
llght strlped or mottled fabrlc (Rees & others, 1976) that follows lamlnatlon

ks and bloturbatlon (Flg. 13a) The ‘dark patches have traces of bltumen f1111ng

moldlc or collapsed 001ds and the llghter bands, Wthh are yellow1sh orange on ﬁivu

'weathered surfaces,'conslst of dedolomlte after ferroan dolomlte that selectlve-
ly replaced 001ds.: The second type 1s 1n stratlform breccias resultlng from -
collapse of crystal mould and oomoldlc porosity.: .5f}-uﬁh o i;“f'
001d carbonates are commonly dolomltlsed’and slliclfled,\the or1g1na1
. 001d fabrlcs belng preserved in the chert nodules and lamlnae.
o R CE R T TR ot

Skeletal carbonate | .v?:

¢

- Skeletal carbonate is a domlnant and consplcuous rock type in the upperv h’
'.part of the format10n° elsewhere, 1t is mlnor.r Skeletal elements 1nclude '
"echlnoderm, trllobite, brachlopod, rlbelr101d, gastropod naut1101d, chlton, and
ostracode fragments, and spdnge splcules. o o ; ¥
: Echlnoderm gralnstone termed encrlnlte by prev10us workers, is thlck
‘bedded cross-stratzfled to structureless conslstlng of sand “to granule—slzed
‘echlnoderm plates and abraded fragments w1th syntaxlal cement overgrowths ‘

(Fig. 130) Broken surfaces~of thls rock appear coarsely crystalllne because

fracture occurs along boundarles of the large syntaxlal calcite crystals.; 'I'he.__‘_’b‘w~

gralnstone contalns varylng amounts of trlloblte hash, sponge spicule. fragments,'

brachlppods, rlbelr101ds -and . nautllolds, as well as pe101ds, 001ds, and flat -
",pebbles. c "vffd 4 '



) ;_ | | "f B  -29-

Sp1cu11te gralnstone occurs characterlstlcally 1n carbonates preserved

as th1n chert beds, sometlmes cross-stratlfled and comprlslng well—sorted

siliceous sponge splcules O 4 to 1.5 mm- long and 50 um . dlameter, wlth mlnor

._amounts of trlloblte fragments,,echinoderm platelets, and uncommon nautllolds. mf-}uv

-pSplcules are only preserved in layers or noduleé of chert..-». vg

. abraded.; .3. x,:ff f?g@ N 'Ef"{-‘ L f',"'ﬁ

_thick- bedded llmestones. Ostracode elements may be complete, d1s—art1culated

*gradatlonal lower contacts and eroded upper surfaoes. lee mudstone ‘may contain

have ‘a yelloW1sh colour from dedolomltlsgtlon and oxldation of the ferroan

- Impure carbonates

' dolostone beds have a terrlgenous component of f1ne sand S11t, or clay, whlch'i}

' l;W1th angular quartz and feldspar detr1ta1 grains 1ncorporated in f1ne peloid or :

a.

';both gradat10nal and abrupt- A

packstone, and wackestonb w1th varylng amounts of trlloblte, echlnoderm,. B

prev1ously been, descrlbed as two-toned (Brown, 1961°’Casey, 1968' Jones & t |
others, 1971) S 'a : _'”_; ~_

o Mlxed skeletal carbOnates are thick to th1n-bedded gralnstone,

'»brachlopod rlbelrlbld, gastropod, naut}101d, and chlton fragments, as well as ”

5 pelOlds, flat pebbles, 1ntraclasts or 001d8. Trllobltes are the m05t

consplcuous elements. Mollusc and brachlopod components are commonly broken and

X '
]

Ostracodes are commonly the sole skeletal element 1n many medlum to

lee mudstone

Lime mudstone is abundant only 1n the lower part of the formatlon in

th1n to thlck beds. It occurs in the upper parts of sedlmentary cycles with .

ostracode fragments, is commonly bioturbated (Frg.e13d) and has variable
abundance of shrlnkage cracks (Flg. 13e) and pseudomorphs after anhydrlte
nodules. Ev1dence for an orlglnally plastlc coherent nature is the distorted
vertical shrlnkage cracks (Flg. 133) and smooth undulose erOS1ona1 surfaces.

‘Perva31ve f1ne—gra1ned dolomltlsation 1s common. Surface exposures may

-

dolomlte. Thls coloratlon empha81ses bloturbation or lam1nar fabrlcs and has h

In outcrop, 1mpure carbonate beds whlch constltute 35 percent or’more‘

of the sequence,_form recessxve units, 0. 3-3 m thlck. These llmestone and

is commonly less than 30 percent of - the rock.u Sllty carbonates are’ domlnant

flat—pebble 11mestones. o ". : ~F‘% 7*

The contacts between 1mpure and more re81stant cleaner carbonates are

5




'[f uppermost part where 11ttle can be d1scerned through dolomltlsatlon and

‘f30-

Sandstones “f};“: ) '," '.": ) ffwf S oy o .
‘ Quartz arenlte constltutes a minor component of the sequence, although SN
1mpure carbonates are. very common.i o ;‘ o

-

Blmodal sandstone'i ThlS forms thln beds deflned by a sparse basal lag

:.conglomerate of angular flat 1ntraclasts, that are of the same compOS1t10n as ‘
the . substrate. Th1s lag conglomerate grades upWard 1nto thln, low-angle, cross-
| stratlfled sets of sand’tone, 20150 mm th1ck with broad sllghtly trough- t;
Y; shaped eroslonal bases. At the top of sgme beds 1s a thin set of cllmblng ,
rlpple lamlnatlons. These sandstones, whlch weather dark brown Wlth & frlable . ~_f
and porous texture, have. b1moda1 sontlng of f1ne and coarse sand gralns of
quartz and feldspar. The coarse component is spherlcal, well-rounded .w1th -
frosted surfaces and, in some océurrences, th1n ferruglnous coatlngs. Thggg is él
an absence 0§ bloturbatlon. S o "Mf'f" L 41-‘\f.. .

~ The sandstones overlle 1ndunated and eroded dolostone and chert, that
’_have preserved shrlnkage cracks and features of sulphate Qverprlnt. Bgmodal

sandstones are not common and are found,gnly un the central Smoky Antlcllne L“

r.

'reglon._s L ~f? ij.fﬁ v ,,’imvj (. ‘3 Q- S S B
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Flne-gralned sandstone. Thls sandstone occurs in thin to tthk beds

: w1th sets of both. planar and moderately-angled cross-strata. The sandstone 1s
~g whlte, lliht yellow to dark brown, and commonly frlable,»W1th some cementatlon
‘by calclte, d6lomite or'slllca.' It is' a well-sorted gralnstone, comprlslng
"subangular f1ne and very Tlne sand gralns of - quartz and feldspar, as’ well as’
. p6101ds, mlnor flat pebbles and glauconltlc p9101ds. Bloturbatlon may be
present.. o T B Lo

ngSedlmentary‘cycles o
— , — '

A sedlmentary cycle fs a sequence of related processes and condltlons
ﬂpthat produces a sedlmentary deposit .of various rock types that may occur in a;
partlcular order. These cyc11c deposlts may occur repeatedly in a llthofacxes.~¢
Such depos1ts areAtermed sedlmentary cycles. These un1ts are bounded by basal :
and upper eroslonal surfaces whlch separate repeated 11tholog1ca1 patterns. *“»P

) The Nlnmaroo Fbrmatlon contalns both carbonate and 1ncompletely exposed
- terrlgenous sedlmentary cycles.v ‘

Cycles -are. present throughout most of the formatlon except the

4

is111c1f1cat10n of the. sect1on. 38 cycles of sedlmentatlon have been recognlsed

in ‘the ‘type: -gection. There are three types of- cyclic deposits, named by the

.T*fdomlnant rock type~ Type A - cryptalgal carbonate cycles. Type P - pelOId

'; carbonate cycles, and Type SO - skeletal-001d carbonate cycles. C -
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T A - Cryptalgal carbonate cycles

Three sub-types of cryptalgal cycles are. dlstfhgulshed By the presence

. of different cryptalgal morphologles- Type A1 ; cryptalgal domes. Type A2 -5'
cryptalgal domes and 1am1n1tes, and Type A3 - cryptalgalamlnltes.

EXpe A1 cryptalgal carbonate oycle. Th1s cycle (Fig. 14) contalns 1n
aSCendlng order-' y S

1) 1mbrlcated flat-pebble conglomerate w1th ‘an ooid peloid, o& skeletal
' ‘matrlx- ‘ ' o

_-g)flbloherms or blostromes of cryptalgal dOmes w1th a spaJse fauna o nautll-
; 01ds, trllobltes, rlbelrlolds, and ch1tons~ R _f N

“3) adgacent and over1y1ng edgeW1se flat~pebble conglomerate, gradlng up to

'4)f¢cross-strat1f1ed intraclast-pe101d gralnstone and lightly bloturbated“”,-vﬂfA

. X . - . | . : LR ) ) ‘r:
v.packstone.;\ #tfﬂ L - Co e

~,

ThlS un1t forms sheets and probab;Z lenses,; -3 m thick bounded N
betweén an’ abrupt er031ona1 surface, whlch is usuallyxlrregular to cuspate, |
,deVeloped on basal 1ndurated grainston?s and cryptalgal domes. The upper.hp*
- contact is ‘also an 1rregu1ar e%oslonal surface. ' SR

There are var1at1ons on thls generallsed sequence._

‘1. The basal contact may have con31derable re11ef from eroded and 1ndurated )

‘cryptalgal mounds. } r'?i*;m;-*‘?" =€ ﬁ.:“ﬁ = f=\:# ’j

2. Cryptalgal mound gggelopment may be d1rectly ‘on, the basal 1ndurated surface,'

and - be SG%EE*iVG of” hlgh areas such as older eroded mounds. -
B Sedlments adgacent to the domes may be flne-gralned intraclast pelold

001d, or skeletal gralnstones.'

4/ Solutlon-collapse brecclas may occur w1th1n the cryptalgal llthologles

‘Type A2 cryptalgal carbonate cycle. Thls cycle (Flg. 14) contains in’
ascendlng order. S - .. :

1) basal 1ntraclast flat conglomerate and 001d 1ntraclast gralnstone, gradlng |

A

up to

' 2) lamlnated muddy wackestone or packstone whlch may be cryptalgalamlnlte,,ﬁ.p-

3) bloherms or blostromes of cryptalgal domes w1th adgacent llme mudstone,‘

14) clrregular collapsevbreccla layers on top of” the domes,

»5)‘ homogeneous am“iﬁmlnated 11me mudstone. : e
Thls cycle forms sheets, 0.5 metres thlck Wthh are deflned by a

'clearly deflned eros1onal base and elther an er031onal or gradatlonal upper

'-contact.

N N
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'ascend;ng order-‘

DR

2)

3)

,algalamlnltes overlylng the basal eros1.

Varlatlons w1th1n thls cycle 1nclude the follow1ng.b,i;'%ia"'f

The basal- gralnstone and flnlng-upwardsi orlzon may be absent w1th crypt-

al- surface. ﬁ*'*f'*‘

_ The collapse bre001a is’ varlable 1n thlgkness and may be absent._fﬁ

;,-PseudOmorphs after sulphate nodules may'occur w1th1n the cryptalgal domes.

) Type A3 cryptalgal carbonate cycle. ThlS cycle (Flg. 14) contalns ﬂe

basal flat pebble conglomerate whlch 1s gradatlonal up to frfﬂif
ooid, pelomd, and minor skeletal’gralﬁstone' L

cryptalgalamanltes comprlslng pe101d llmestone w1th fenest :p'

;shrlnkage cracks,'chert nodules, and pseudomorphs after sulp ate nodules and

"

. f. e
i

Thls cycle forms sheets 1-4 m th1ck w1th gradatloﬁal or dlstlnct

'fgi'basal er031onal contacts that. may not always be exposed., “The upper contact 1s L

e

'b{]dlstlnct basal er081onal contacts that maj not always be exposed. The upper

3eqcontact 1s dlstlnct and planar.

;;lThe basal conglomerate'may be abseht.a na_:ﬁ
:1Fenestral and sulphate overprlnts are”varlable.

3‘Tubu1ar fenestrae aré present in- some:

'Q‘Thereyls a cycliC1ty 1n the fenestral fabr1cs. ‘;;"’

,‘S- E . ."‘9

The fclldw1ng are varlatlons w1th1n thms cycllc unlt.

~WfIndurated and eroded crusts recur 1n the.lamlnltes. 'T) p*“”k"”ff”];”'

‘.‘/Calcrete cements and replacement zones commonly co;nclde wlth the 1ndurated

;*horlzons.

. K - .,‘--
Fe E - ',‘. co », . R . . . . S,

‘ffj‘Type P - Pe101d Carbonate Cycle

: 5

_ }deflned by dlstlnct, 1rregular er031ona1 surfaces. at’ the base and top&' The'q

.’..'-“ -

o Pelold carbonate cycle (Flg. 14) contalns in 'scending 6fdér?ﬂ<;'

Imbrlcated pebble conglomerate W1th 1ntrac1ast and peloid matrlx--?*if?;
cross-stratlfled pelold and 001d gralnstone - W1th thlnner sets towards
the top and. gradatlonal With o j;;’.,. a :ﬂ Co fuu-
1am1nated packstone and wackestone-‘t;.;f ST

.,.- ".»" ‘"r‘ g -
11me mudstone w1th m1nor bloturbatlon and a homogeneous upper rlnd. “

Th1s cycllc unlt occurs as sheets and lénses 0. 1-0 6 m thlck |

fjbasal contact may overlle a flrm -ground, or. 1ndurated substrate. "'

1.

Modlflcatlons to thls generallsed cycllc unlt 1nclude the. follow1ng.

The 1ag dep031t cons1sts of either a flat—pébble or round-pebble conglom-
el‘ate. . - v ’ » D . . ' . J -‘.' .
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T2. Thls basal conglomerate may be absent.,..%%i‘ﬁ\

o

. Conggpt s
. 3.  Fine terrlgenous sand may be,abundant 1n the grainstones. :

“'_4. *The upper packstone,.wackestone,,and llme mudstone may be absent.r
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'bmxpe SO ~ Skeleta1-001d carbonate cycle piﬁg f, ;” B

Th1s cycle (Pig. 14). contalns in ascendlng order.-'
:1) a skeletal-lntraclast gralnstone, gradlng up to :f
‘-'2) planar-lamlnated 001d gra;nstone°; :

5 cross—Stratlfled °°1d gralnstoneﬁﬁ“v”

ThlS unlt forms exten81ve sheets up to 4 5 m thlck, deflned by d1st1nct

basal contacts that are planar ‘or- 1rregular with- rellef of up to 0.2 m._»

‘._Irregular depres31ons commonlyﬁhave la!ge blocks of underlylng rock types (Flg. ‘-'\

14) - Lower rellef of about 50 . mm may be 1n the form of. un1d1rect10nal

2anastomosxng rllls (Figs. 14, 15a) w1th smooth depresslons.
is 31m11ar, though not. always exposed.

JYarj tions w1th1n the unlt lnclude~?;p”:h~

1) an absence of pebbles 1n the basal skeletal gra1nstone*_}i’r”:“7fkf

' 2) minor bloturbatlon in the planar-lamlnated gra1nstone~'

' ”3)ffa domlnance of skeletal gralnstone in the thlnner unlts'

4) 'a varlable terrlgenous sand content of the oo1d gralnstone--‘~+-'

5) dolomltlsatlon of the Central and. upper zones. k

: The upper contact

N

Cn T Lithoifaéies -
_ The llthOf&Cles are'“f"' ' T
Io"- \ﬁT/ld carbonate llthofacles' _ R } _ ;
I S "Pe101d carbonate llthofacles, con31st1ng of two.kinds-'tif'
llp'ﬁ';””Pe101d carbonate dominant. llthofacles- L ‘_.lp,f 1
’lesb;”.7Pe101d and; skeletal carbonate llthofa01es' "{:?;%‘ »
lIIc ~,_’Flat-pebble conglomerate carbonate llthofa01es-” : S
fIV ;' -r.Skeletal carbonate llthofacles, consistlng«of two klnds-l -
'IVs . Skeletal carbonate domlnant llth0f801eS" '
_lescp ‘_,Mlxed carbonate llthofacles'
AR 1AT-'Terrlgen0us 11thofac1es, and | .
Vid "..Crystalllne dolostone llth0f801eSouvf;2:T =
. -
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.*Io 0Qoid carbonate llthOf&Cles ;-;fv'y“ gw‘-.’_' h L S L

¢

Descrlptlon.. ThlS llthofacies cons1sts of cross-strat1f1ed 001d

gramnstone, pe101d gralnstone mlnor flat-pebble conglomerate, echlnoderm _
gralnstone, and locally, large columnar thrombolltlc bloherms (Flgs. 6c, 6d)

Interbedded cross—stratlfled ‘sandy carbonate and sandstone may ‘be abundant E

'one metre thick, trough-shaped er931onal bases, and moderately—angled B
1n ernal stratlflcatlon. A th1n lag dep081t of skeletal detrltus may cover thef
base of ‘the troughs and herrlngbone cross-lamlnatlon may be present. Locally,
centlmetre-31zed vugs w1th quartz1ne llnlngs form pseudomorphs after sulphate
noaules. ' ‘ R ' 'ﬂy‘

The gralnstones vary from 001d to mlxed 001d-pe101d and peloid
graanstone w1th a 1ocally varlable terrlgenous sand content. Skeletal fragment

gralnstone comprlses echlnoderm, trlloblte mlnor brachlopod r1be1r101d and

gralnstone.t’ o 3‘" ”“p __". . %u~'i*". ._;. -_~fli

. II.  Peloid carbonate llthofa01es T T .

ot S

yf Cross—stratlflcatlon is common 1n the facles w1th 1nd1v1dual sets up

. naut1101d.fragmentsf' These may be’ gradatlonal or are 1nterbedded w1th the 001d”_,

This l1thofac1es is commonly dolom1t18ed and 1s gradatlonal w1th"'

mas51ve cry’talllne dolostone (Facles VId) Quart21ne-rlch chert is locally

ass001ated with; this dolostone and dedolomlte Wthh have a characterlstlc '
yellow1sh—orange colour.iva . e S

T .:“1_,~‘“e. T

Strat;graphlc dlstrlbutlon and varlatlonsw_ ThlS llthofacles 1s exposed A

as ma331ve scarp—formihg beds, ‘and forms an- extenslve unit' up to 60/m thxck» ji”;"

defining the base. of the formatlon 1n both the Burke Rlver Structural Belt and
the Toko Syncllne. In this occurrence 1t 1s gradatlonal w1th the overlylng
11thofac1es IIp, commonly wlth an 1ncrease of skeletal 11mestone content.:-'.
1@‘- ‘In the Smoky Antlcllne reglon, llthofa01es r 1s completely dolomlt;sed
and reCognlsed only by the orlglnal fabrlcs preserved 1n chert nodules.. The o

stratlgraphlc p031t10n of the llthofa01es 1n thls reglon is. not clear.h Th1nner

bodles, from less ‘than 10 m to 40 m thlck, recur w1th1n llthofacles IIp, and 1n"7

the Toko - Syncdlne, these bodles overlle 11thofacles vt, whlch 1s also enclosed

- w1th1n llthofacles IIp.. Th1n stratlform bodles less than 10 o thlck, are -

enclosed in the larger bod1es of llthofacles IIIc and IVs, where SO cycles have
a domlnant sandy 001d gralnstone component.

Thls llthofacles 1s SHblelded 1nto two groups, a peldld carbonate&. :

rr} 3

domlnant’llthofacles, and a pe101d and skeletal carbonate llthofacles.’ “TRE

)

subd1V131on 1s-based on the d1vers1ty‘of_subord;nate carbonate types.
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V"as thlck as 510 m with enclosed bodles of llthofacles Io, IVs, and’ VId. -In the.

% i . / .

J'Ilp.h Peloid carbonate dom1nant llthofac1es'

: Structural Belt it varles from 30 to 340 m th1ck and the upper part has . a well—

-exten31ve strata.,‘

/t’ . K e , : ‘7'3-36..

‘N Descrrptlon.- Sedlmentary cycles are the ba81c components of thlS S

llthofac1es, each con31st1ng of arrange of carbonate rock types w1th 1nter-‘

bedded, poorly exposed, 1mpure carbonates and posslble sandstone,‘81ltstone and -

shale. The cycles are of type A1 A2, A3 (each cOntalnlng cryptalgal fg

carbonates), and type P, cycllc pelold carbonate un1ts descr1bed_1nhF1gure 14.

Type P cycles are domlnant and’ some have channel-shaped basal eroslonal surfaces-f’*i
(Flg. 13f) Type A2 cycles are unlque to th1s llthofacles. - '

The carbonates of - these cycles are p9101d gralnstone, packstomﬁ-

wackestone flat-pebble and round-pebble conglomerate, 1ntraclast and skeletal
carbonates, fenestrate cryptalgalam1n1te b1ostromes, domed cryptalgal bloherms,

and lime mudstone. The bloherms have open—crlnkled, close-crlnkled, and less

-commonly,'smooth surfaces..

Skeletal elements are not commonly a domlnant component of the 'ﬁj L r}'”
carbonates, although the contrlbutlng fauna was d1verse., Trllobltes, ';f
ellesmerocer01d nautllolds, r1be1r101ds, brachlopods, chltons and gastropods:i
are commonly assoclated w1th cryptalgal bodles.; One gastropod Ceratopea, 1s
unlque to th1s llthofac1es. Other fos51ls 1nc1ude blast01ds and’ undlfferent— |
1ated echlnoderms, ostracodes, 1chnofosslls, calcareous sponges from‘the base of
the llthOfaOleS, and 1n places," detrltus of calcareous algae such as Nula. :

Pseudomorphs of sulphate nodules ‘and sulphate crystals are ublqultous,

and are assoclated w1th mlnor occurrences of th1n stratlform collapse brecclas.
Strlped coloratlon of the l1mestones, called two-tone , -is. common in the flner-'
gralned and more b1tum1nous 11mestones. Lamlnatlon,.bloturbation, ‘and ‘
fracturlng are. enhanced w1th secondary p1nk yellow, or orange tones produced by
selectlve dolomltlsatlon and- dedolomltlsatlon. Some skeletal-rlch lamlnae are ﬁ;%
partlally or totally slllclfled and ‘chert nodules are common.v;f"" -

Strat;graphlc dlstrabutlon and varlatlons. thhofacles IIp is" domlnant

. in the lower part of the sequence, gradatlonal over the basal 001d llthofacles

(Io) and 1nterf1nger1ng with contlguous llthofa01es.- In the Burke Rlver
developed two-tone appearance._ In the Toko Syncllne, the 11thofac1es may be

central Smoky Antlcllne reglon, type A1 cycles are common, formlng promlnent and'




. IIps. Pe101d and skeletal carbonate\lithofacles

Descrlpt1on., Thls facles chavacterlstlcally comprises th1n beds of s
,flne-gralned pe101d gralnstone and pac stone 1nterbedded Wlth lamlnae of coarse-
skeletal gralnstone mlnor cryptalgal 11mestone and 81ltstone., The skeletal
gralnstone contalns dls—artlculated trllobltes, 31llceous sponge splcules, o
brachlopods, minor bellerophontld gastropods hyollthlds, and calcareous algae. »

The base of the 11thofac1es is dellneated in places by a promlnent bed of

_N'skeletal mudstone w1th trllobltes, echlnoderms, naut1101ds, bryozoans, sponges,

and brachlopods. ThlS bed grades up. through pacEstone 1nto skeletal gra1nstone =
with large—scale sets of festoon cross-strata up to one metre thlck.-

- Locally, ‘the llthofacles is completely dolomltlsed and is- gradatlonal
w1th crystalllne dolostOne (Facles VId) y Skeletar horlzons are. 1nvar1ably
's11101f1ed, and chert 1am1nae commonly preserve bloturbatlon structures and .
skeletal outllnes, 1nclud1ng 3111ceous sponge splcules. Where the 11thofac1es-

is totally dolomltlsed, sedlmentary fabrlcs may only be discernlble w1th1n the
-chert. o ‘j°.‘_ a'; ; PR ’;'._ _',.- ’ ;

‘ Strat;graphlc dlstrlbutlon and varlatlons.. thhofacles IIps is’ known
only in the Burke River Structural Belts Brown (1961) records thlckness"':

variations’ from 21 to 260 m. Locally 1t 1ntertongues w1th the underly1ng “A

llthofac1es Ivs. A regollth of pre—Cretaceous age, the §w1ft Formatlon,,k
overlles the lithofa01es w1th unconformlty. - = ,
. L 4
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ITle Flat;pebble conglomerate carbonate 11thofac1es‘r

Descrlptlon._ Thls llthofacles consists of carbonate cycles alternatlng

. w1th sandy carbonates and m1nor flne-gralned sandstone.

The carbonate cycles are of . type ‘P and A with thln to medlum beds .
domlnated by flat—pebble conglomerate, 1esser amounts of pe101d 001d skeletal .
gralnstone/mlnor packstone, cryptalgal llmestone,'and llme mudstone. Type
v:P cycles . generally vary from the 1dealised ‘form (Flg. 14) in havlng thlcker
'layers of basal conglomerate and an absence of .the. upper muddy carbonates..
'llnstead tops of cycles’ are termlnated by cross—lamlnated f1ne gralnstone, .
bloturbated in- places w1th overlylng planar to 1rregular eros1onal surfaces. ' o
The mlnor skeletal—fragment carbonates contaln elements of cyst01ds and &
_ undlfferentlated echlnodermsf trllobltes ostracodes, brachlopods , and gastro- '

. pods.' Ellesmerocer01d nautlloids, r1be1r101ds, trllobltes, and calcareous algaev-

are assoc1ated with cryptalgal mounds, whlch have elther close-crlnkled or’ open-
crlnkled surfaces. - J



Flat-pebble conglomerate is generally‘characterlsed by consplcuous .
'solutlon vugs on the undersides of clasts, 1nf111ed byrsaddle dolomlte or opaque |
'-red to orange calcltes, clear calcite, fluorlte and bltumen. Thln 001d llme-v7f
”lstone beds are commonly pervas1ve1y dolcmltlsed and dedolomltlsed.-;
' Stratlgraphlc dlstrlbutlon and varlatlons.u Lathofacles IIIc is-
recognlsed only in the Burke Rlver Structural Belt and 1n the central Smoky
Anticlihe reglon, where type A1 cycles are agﬁpdant. -In ‘the Burke Rlver )
Structural Belt, the llthofacles 1s lens-shaped in north-south sectlon €F1g.

10), thlckest at Mount Unbunmaroo (130 m) and th1nn1ng to 40 m ‘at’ Mount Datson f'””'
in the south, and 60'm at Digby Peaks 1n ‘the north.i In the Smoky Antlcllne -
region, only 50 ‘m 1s preserved Ain outcrop at “the top of the exposed sectlon.,
thhofacles IIIc overlles and 1nterf1ngers w1th llthofacles IIp and:
"vgrades lateraily ‘as well as. upWards 1nto llthOf&CleS IVscp w1th an 1ncreasIngv
'abundance of skeletal carbonate, or into llthofac1es IVs with an addltlonal S,
abrupt decrease of flat-pebble conglomerate. j‘ e .4~

"In the Mount Nlnmaroo and Mount Unbunmaroo area, a- thln lens of
11thofac1es Io. 11es w1th1n 11thofac1es IIIc. ;;j_f R *-,; e v L e
‘ . , e S _

PV{ Skeletal carbonate 11thofacles E 'ﬂ“':' “w, S ',1.'“::ﬁ- i

This llthofacles is, subdivided into. two groups. Ivs, a skeletal - 1
carbonate domlnant llthofa01es° and IVscp, a mlxed skeletal-pebble conglomerate-

peloid carbonate 11thofac1es.

LT SN

- . .
: IVs. Skeletal carbonate domlnant 11thofac1es

Descrlptlon.. L1thofac1es IVs comprises structureless skeletal

E

-carbonate with lesser amounts‘of pe101d, flat-pebble, cryptalgal, and b01d
,carbonates, and cross-stratlfled sandy carbonates._~ﬁ; _

Type S skeletal carbonate cycles and type A3 cryptalgal carbonate S
'cycles are. present the type S contalnlng mainly. echinoderm and 001d gralnstone. R

- Type A3 cycles, though of mlnor occurrence, are well-developed and contaln

’consplcuous fenestrate or fenestrate-lam1nated llmestone (Flg. 11a) w1th
'repeated 1ndurated and. eroded surfaces (Fig.. 15d) Type SO cycles have basal

veroslonal contacts. of 1rregular relief (Flgs. 4, tSaY o g\ ' ~¢ .r"”f'WEﬂf

‘ Skeletal llmestones are domlnant, formlng promlnent thlck beds of white

echlnoderm gralnstone w1th a coarsely crystalllne appearance and falnt cross=

"‘stratlflcatlon. Mlnor skeletal components, whlch also: form separate, thinner

- beds, are brachlopod, ostracode, trlloblte, rlbelrlold, sponge splcule and rareﬁf;

LN

naut1101d fragments.

4
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Pe101d-001d gralnstone is commonly sandy and gradatlonal to flne sandy
gralnstone, with th1n cross—sets and herrlngbone cross—lamlnatlon._ These '
11mestones are commonly dolom1tlsed, porOus, and frlable. . Ee 1noderm llmestone

‘ is locally dolomltlsed and can be - gradatlonal with crystalllne dolostone (Facles
‘VId).-‘Slligiflcatlon is both selectlve of. skeletal fragments, and\more

-

_ fextenslve as 1amlﬁ§Z or chert nodules w1th1n crystalllne dolostone..'
| - Stratlgraphlc dlstrlbutlon and varlations. Lithofacles IVs.occurs in
'”the upper part of the formation 1n the Burke R1ver Structural Belt belng

thickest at Mount Datson (170 m) and thlnnlng 90 m at Hount Unbunmaroo. f:i}:

1thofac1es IVs 1nterf1ngers W1th and overlles 11thofac1es IIIc (flat—pebble

o conglomerate carbonate) and IVscp (mlxed skeletal-pebble conglomerate—peloid o

ipcarbonate).as well as belng laterally gradational w1th IVscp. The 11thofac1e53h

grades up into 11thofacles IIps. L1thofac1es Io—occurs—as a 30 m—thlck lens .
thhln th1s 11thofac1es at Mount Unbunmaroo.v L fﬂ ~”] e __; “f

At Mount Unbunmaroo dolomltisatlon is: m1n1ma1 but becomes more ﬂ N
,extens1ve to the south, where 1t 1s gradational wlth crystalllne dolostone'i, v
(11thofacles VId) at Mount Datson.' In the, Toko Syncllne, only thin lenses of . o

llthofa01es IVs, 1ess than 10 m, occur w1th1n thlck unlts of llthofacles Io
(Flg. 8) ‘ R i ‘

IVscp. Mlxed skeletal-pebble conglomerate-pe101d carbonate llthOfBCIGS
" v Descrlptlon.. thhofacles IVscp conslsts of carbonates and 1mpure
carbonates, the carbonates belng skeletal flat-pebble conglomerate, and pe101d

_gralnstones w1th mlnor oold and cryptalgal carbonate.v Type A, type P, and type
S-0 cycles are present.

Thls llthofacles 1s assoclated w;th lithofacles IVs (skeletal carbonate
'dominant) in having a’ s1m11ar domlnance of: echlnoderm elements. 1n the skeletal
grainstone, but also has s1m11ar1t1es with lithofacles IIp (p9101d carbonate
domlnant) and IIlc (flat-pebble conglomerate carbonate) B .

thhofacles IVscp is heterogeneous, w1th horlzons that are dominant 1n
one’ 11tholog1c type, but with gradational varlatlona. It has been 1mpract1cal
‘to separate these 1nto smaller units of l1thofac1es IIp, IIIc and IVs.:

ditional - to the domlnant ech}noderm gralnstone, other skeletal
- carbonates comprlse brachlopod tr1 obi . f‘ e, r1belr101d and nautlloid

elements.‘ Locally the 11mestone may be dolomltised.




]'vb“rare commonly the saddle dolomite variety.‘

i o Ay

Stratigraphic distribution and variations. Lithofacies IVp occurs 'in
ﬂthe Burke River Structural Belt at Mount Datson. (50 m) and at Digby Peaks '

(15 m), vwhere. 1t is truncated by an. unconformity, the . upper boundary of “the

‘-formation. In the Toko-Syncline this lithofacies has an increased proportion of:“
' impure carbonates. Here it reaches 150 m, but is again truncated by the upper,f
'unconformity. Lenses of lithofacies Io, of various thickness, are enclosed in )
this 11thofaCies (Flgo 8).i R A '

v'}Vt.' Terrigenous 1ithofacies S 5\

R

Description. Lithofacies Vt comprises poorly exposed thin-bedded
sandsxone interbedded with® recessive rock types, which . do not .erop out ‘but are" .
assumed to be calcareous siltstone or very fine-grained sandstone. Exposed‘ o *ffs
flaggy sandstone is light coloured with dark reddish-brown weathered surfaces,
. and well-sorted -and ’ consists of fine to very fine sand-sized quartz, feldspar,. .;“”
' -and. minor gIauconite. Planar lamination 1s common, occurring Wlth cross-gr-
1aminationa '“‘ IR "i,a.”élfy‘ .- _‘ - ,'-_ Pt o
‘porOSity,.resulting from surface leaching of calc1te cement. },,"T' o L
' JvStrati iy hic.distribution and variations.‘ This 1ithofacies occurs in 0
_the Toko Syncline, w1th a probable thicknbss of 130 metres, overlying - ,
1ithofac1es IIp, and overlain by lithofacies Io. In ‘the Smoky Anticline region,‘.

‘this facies is- not represented in the figured section (Fig.tB) ‘but Significant h

occurrences have been reported south of this section line (Reynolds & Pritchard, -
1964) R A L | |

HEPEN 3
A . -

VIdt Crystalline dolostone lithofacies wﬁ; C ; f “»5_':7;',’-f'i

, - Description. This facies 1ncorporates crystalline dolostones lacking ~
relict sedimentary features. Stratification and other large-scale sedimentary

'structures may be . ev1dent from differential weathering or. crystal size
variations, but, commonly, fracturing and karst morphology obliterate these

features. In places, extremely pock-marked vuggy surfaces occur in weathered

dolostoue. LS

B

The dolostone 'is light coloured orange yellow or white, and comprises
'-centrimicron to millimetre-sized subhedral to euhedral crystals of dolomite,.
minor interstitial subhedral calcite and finely disseminated pyrite. Terrigen- o

ous’ components have a variable abundance. Millimetre-Sized dolomite crystals o

. ,, RN,
. B

°
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o selectlve of partlcular rock types andb therefore, it is. 1mprobable that. the

'chert laminae are representatlve of adahcent 1nter1am1nated dolostones.

‘Belt thls llthofa01es is gradatlonal w1th\other llthofacles and is prevalent at
" the base of ‘the - formatlon at- Mount NlnmarOOxand Mount Datson adgacent to
t:faultlng, as well ‘as the uppermost 130 m- of sectlon at Mount Datson. Many areas
ﬁ-have dolom1t1sed*beds, but commonly, suff1c1ent features are preserved for d
‘1dent1flcatlon of orlglnal llmestone textures.» Flg. 8 shows the extent.of '

‘“11thofa01es VId and its cross-cuttlng relatlonships wlth other 11thofa01es...

: llthofacles (Io) from the northwestern region.’ This basal 11thofac1es was

',}conformable on, and 1nterf1ngered w1th contlguous rocks of the Georgrna

J;Structural Belt, de11neat1ng a progradatlonal offlap 1n these two areas. ° it is

A'"?probable that this lithofacies. was also the basal unlt of a depositional- onlap

_ Structural Belt (Flg. 5) which were both prev1ously emergent. .

R

Where s11101f1ed layers are 1nterbed f

prlmary features may be preserved in\the chert.‘ Sllllelcatlon 1s apparently e

Stratlgraphlc dlstrlbutlon and varlations.w In the Burke Structural

TN
! "_'v ' DRI ’ ‘\'!‘. .
. Regional synthesis

Cbis

' Introductlon R 'f‘:~~;;'6f5ff- b 755'w”“

5~ With such a dlzer31ty of 11thofacles, an understandlng of spatial

"nrelatlonshlps between them durlng sedlmentatlon 18 1mportant. 'To 111ustrate the
' reglonal conflguratlon of lmthofacles durlng sedlmentatlon, the formatlon 1s

’cons1dered 1n a chrOnostratlgraphlc framework (Flg. 16). "The chronostrat1-5

graphlc units of Jones & others, (1971) are used. . The Late Cambrian Payntonlan R
1s 1nforma11y subd1v1ded to further refine sedlmentatlon pétterns durlng that

e’ . . . o ; -

tlme. o ‘f"f:.f,' n

The crystalllne dolostone 11thofac1es, a post depositlonal diagenetlc

‘overprlnt, 1s removed and - pre-exlstlng sedlmentary llthofacles are extrapolated

1nto ‘areas of thls overprlnt. R S -

L1thofacles in Tlme - o o -

Nlnmaroo sedlmentatlon (Flg. 16b) was 1nit1ated<i§23he:hat___ brlan
w1th a general eastward and southeastward m1gratlon of the 001d carbonate

Limestone in ‘the Toko Syncline and the Ghatsworth Limesat

over the Smoky Anticline reglon and the northern ‘end’ of the Burke Rlver-

& .
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" north’ of the - Burke River Structural Belt and prograded south over lithofacies o

By Early Datsonian tlme (01), the ooid carbonate lithofacies (Io) had N
‘ prograded south Wlth sedimentation of the peloid-carbonate-dominant lithofaoies i%“’
(11p) being established over the western region (Fig@ 16b) \The central Smoky.
Anticline area that was emergent prior to Ninmaroo sedimentation, again became
'intermittently emergent with depOSition of the flat-pebble conglomerate _
- ~carbonate lithofaoies (IIIc), and totally emergent again by 02 time. As the A
extent of emergence in~” the northern Smoky Anticline area increased »1ithofacies fT
IIlc extended east into the northern part of the Burke River Structural Belt and
west into’ the Toko Syncline region, ‘where sedimentation Qf\llthOfBCIGS Io IIp,-
\'.and Vi (terrigenous lithofacies) had prevailed earlier. By 03 time, d

”_transgression in the Toko Syncline enabled deposition of the mixed carbonate
lithofacies CIVscp) By 04 time, a response in sedimentation to this now '

) regional transgresSion also occurred in the Burke River Structural Belt except._
in the Mount Ninmaroo-Mount Unbunmaroo area, where lithofacies IIIc deposition o
continued under intermittent emergence.‘ Ninmaroo sedimentation In the western
‘Toko Syncline region at this time slowly receded south in response to increased
_terrigenous sedimentation of the Kelly Creek Formation to the north. By 05 o
v-time, Ninmaroo sedimentation was only within “the Burke River Structural Belt.
’;Depos1tion of the skeletal carbonate lithofaCies (IVs) under these conditions N
" produced ‘a- progradational offlap. Depos1tion‘of lithofacies IIps began in the

IVvs. By 06 time, this lithofacies IIps dominated Ninmaroo sedimentation whioh
‘continued into 07 time. ' '

ﬂihCONCLﬁSloﬁSj‘fg':“'d'

t« . The Ninmaroo Formation comprises bituminous limestone, limestone, sandy
limestone dolostone calcareous sandstone Siltstone, and minor shale.;f |
Dominant carbonate types are pe101d and 001d grainstone, cryptalgal L
boundstone and laminites, flat-pebble conglomerate, echinoderm grainstone, U;w
pelOid and skeletal packstone, wackestone, and lime mudstone.

Dolostone is mostly a secondary rock type after limestone and it commonly

lacks pre-ex1sting sedimentary textures. .

2. The formation overlies the Upper Cambrian Chatsworth Limestone in the Burke

- River Structural Belt, conformably in,the south but with unconformity in

the,north.k Over the Smoky Anticline area it unconformably overlies the’ 03
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. Mlddleﬁpambrlan Camooweal Dolomlte and Mnngerebar leestone in the north N

J b:'whlle‘%b.the south its contact w1th the Upper Cambrlan Georglna Limestone_'_ﬁ
is- apparently unconformable. 'Thls relationshlp becomes conformable 1nto .

the . Toko Syncllne reglon. Further west ‘the contact w1th the Upper o
'ugCambrlan Arrinthrunga Formatlonlls compllcated by faultlng. It is 1nferred f;
{ito ‘be an unconformlty. In this area, the Ninmaroo Formatlon 1nterf1ngers
o :westwards w1th ‘the Tomahawk Beds.h= '

LI YINN

'iIn the central Toko Syncllne area, the formatlon apparently 1nterf1ngers o

" with and is; overlaln by the Kelly Creek Formatlon.. Elsewhere, the upper #"‘
1contact 1s an eros10na1 surface.' The Nlnmaroo Format1on is exposed west of
f”the Smoky Antlcllne and north of thexmoko Syncllne. |

In the Burke Rlver Structural Belt the formation is overlaln by the Sw1ft '

; Formatlon - in part a regollth of,pre—Cretaceous age.» The Cretaceous

3 .

PO

_Antlcllne and further east, where 1t is not oVerlaln by the SW1ft

‘Three carbonate cycles are recognised:

,]Rolllng Downs Group overlles the Nlnmaroo Formatlon over part of the Smoky

;31x llthOfaCleS are recognlsed 1n the Nlnmaroo Format1on-'

o «-Oo1d carbonate llthofacles° L e .
S II ' Peloid carbonate llthofa01es, cons1st1ng of two klnds",jT e
' IIp . Peloid carbonate dominant 1ithofacies; S h
ﬂ,IIps % Peloid -and - skeletal carbonate llthofacies,
'it’IIIc © - Flat-pebble conglomerate carbonate llthOf&CleS'
NMdIV. s Skeletal carbonate llthOf&CleB, cons1st1ng of two- klnds‘ .
1fIvs:‘»-flSkeletal carbonate dominant lithofacies; . .
| !;lvscp  Mixed carbonate llthofac1e8° . | ‘
vt t‘Terrlgenous 11thofac1e3° ‘and
VId ‘ mCrystalllne dolostone 11thofac1es.'

These llthofacles contaln cycllc deposits which result from sedlmentary

cycles. Each cycle is .a dlscrete event of related processes and 1s ,'

’represented by a set order of assoclated rock types."”

A cryptalgal carbonate cycles, whlch can. be further subd1v1ded 1nto
M cyles with cryptalgal domes, ' _ .
A2 cycles with: cryptalgal domes and planar cryptalgalamlnltes, ~'f'. T
“A3 cycles with planar cryptalgalamlnltes-" o
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o

I

)

aEach llthofacles may contaln one or more cycle types.w It is the relatlve'

abundance of the cycles present and their rock types that characterlse the-
llthofac1es. ,3--f‘~,."‘21_» ,f“;ﬂ'w”-ﬂ B o

-
- BN o -

The Nlnmaroo Formatlon is a d1achronous unlt that youngs to the east and

southeast. Sedlmentatlon contlnued from the Payntonlan (Late Cambrlan) to‘

vpost—Warendlan (Early 0rdov101an) ""_o;‘." » v)f@l_. .;v-V

- ¥ 1

B

st . ) ; ' . .
ey * . , . e S T e
‘ vt

_In thls progradatlonal sequence, the basal un1t was the oold carbonate“'\”-J

V 11thOfac1eS (Io), which conformably overlald or 1nterf1ngered with the

i nkaeorglna leestone in’ the Toﬁﬁ Syncllne sand the Chatsworth leestone in the:w
-\,' southern Burke Rlver Structural Belt, In both the Smoky Antlcllne reglon

'overlles Upper Cambrlan formatlons unconformably.'

and the northern end of the Burke Rlver Structural Belt thls llthofacles

ST i

Interflngerlng w1th and progradlng southeastwards over the basal

-j'llthofacles was .the pelo1d-carbonate-dom1nant llthofacles (IIp)..Intermlt-

- tent sedlmentatlon of the terrlgenouafﬁnthofacles (VT) occurred 1n the Toko‘
"Syncllne.< - o L s

. AP Coan Lo . . -
& ) ot R L N C E ks
o " - - il . . 5 -

'Dep031t10n of the flat pebble conglomerate carbonate ;1thofacles (IIIc) was

o occurrlng 1n the northern Smoky Antlcllne ‘but as thlS area became

emergent llthofa01es IIIc prognaded south_andﬂkastwardseénto the Burke
River Structural Belt and the Toko Syncllne area. e
' ' o o an"

o~ : . B I

Kelly Creek Formatlon.lhevf,e& ' Ui:f‘h" ) -_.;w~‘ . L
. o 5 (RN S

"-\,kwj." e T Lh%fﬁ: 8

3

- i »
'wIn the Burke Rlver Structural Belt, eedlmentatlon of the skeletal carbonatgh

*llthofac1es (IVs) resulted ‘in progradatlonal offlap to the south, followed

.by the peloid-skeletal carbonate depOsltlon (llthofacles IIps)

.'°.
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T ‘ra!ff Exposed sectlon of Nlnmaroo Formatlon conformably overlylng‘the Chatswortha
leestone on the llmb of a faulted dome MOunt Unbunmaroo,,the type area of
A the Nlnmaroo Formatlon.i Boulla 1 250 000 Sheet area, Queensland. '

-b,t Sw1ft Formatlon regollthvunconformably overly}ng 311101f1ed echlnoderm

llmestone of L1thofac1es IVp, Nlnmaroo Formatlon at Mount N1nmaroo.~ Scale,;_

,d.F: Reconstructlon\of the morphology of columnar bloherms w1th1n t1dal channels

-o the 001d carbonate 11thofa61es.v Rellef was approxlmately 2 metres. T_‘h' "n

e.
"_;} - crudely lam nated boundstone w1th bloturbatlo#Qmottllng and sulphate .-
! R 1

mouldS"and perlpheral rlnds of llght coloured mlcrlte (b) Irregular,' xE

er031onal surfaces on (b) are encrusted w1th bdtumlnous b oturbated 3“y'*f7
- boundstone (c) ' Scale is, 10 cm. e e B _",v o Dé.] JG"‘ B
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.- ribeirioids (R) are attached to the columns.L 74712597., :

Horlzon of planar cryptalgalamlnites w1th mar ed flsslllty of the beds.ﬂf

SRR FlGURE‘1O R R4

o
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' ;311101f1ed surface of a. cloae crlnkled cryptalgal mound show1ng the
- ‘apparvn? growth morphology.. Scale 1s 10 cm.- 74712340\\

e

woVE
LA : .

Cross—sectlon of a close-crlnkled cryptalgal mound w1th branchlng columns }
contalnlng regular, gently convex lamlnae. The substrate of the mound was

4 tepee: structure w1th -an enclosed sulphate nodule., 74712338. “Q‘:QTff“

..‘«

'Anastomoslng columns w1th planar,_fenestral enhanced lamlnae.: SeSSileﬁ,ff7

T A

2 Unbranched columns w1th gently convex lamlnae and dark perlphe;al

_encrustatlons (E).Qf unldentlfled calgareous organlsms. 74712598.\

-

."Atoll" stromatollte W1th a perlpheral zone of vertlcal anastomos1ng

. columns and a central depresslon fllled w1th subparallel algal mats..,
74712484 el TR Ly

s

Scale is 10 cms. L1thofa01es IIa\ GEO 202 sectlon,w126 metres.; ”T7QV
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- S .7 . FIGURE W .
' Cryptalgalamlnlte domlnated by tubular fenestrae,.the dwelllng burrows of .

© small suspens1on feeders.'$747f2660.,é}fhﬁr;::mﬁ;;;ia;ﬂo:'ial-ﬁ-.{ﬁ"sn -

gralned pe101d 11mestone and llght coIoured dedolomltes. 74712614.

’ f‘,a"

74712618.

- Er051ona1 and recolonlsatlon features w1th1n a cryptalgal mound.i The R
._cuspate er031onal surface (E) on a skeletal-rlch thrombolltlc boundstone 1s
;encrusted»w1th 1rregu1ar dark lamlnatlons of Glrvanella., Open-qunkled

'.stromatolltlc growths have grown overf hls encrusted surface.w»74712645,

Pe101d gralnstone w1th pe101ds of varled shape and 51ze.- Pe101ds are

probable mlcrltlsatlon product§~§fter 001ds‘fgrapestone, and 1ntraclasts,;@:i_
In some pe101ds,=the re11ct jabrlc is. st111 ev1dent 1n central unaltered S

'.'zones. Photomlcrograph plane—polarlsed 11ght. 74712390._ »f'_"

Coarse 1ntraclast and}%keletal detrltus,Ln pe101d matrlx adaacent to a

stromatollte head.' The': 1ntrac1asts of 1rregular varled shape are. prod
e —o?\Qii:oglc or dlagenetlc degradatlon of the stromatollte. 74712455..»
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Reourrlng eroded 1ndurated surfaces (I) that are overlaln by flat—pebble

© FIGURE 12 -

Flat—pebble conglomerate con31st1ng of rounded d1sc-shaped granules and
pebbles in 1mbrlcated fabrlc.: 74712038. ST '

138 dep651ts.; The conglomerates flne upwards to another 1ndurated surface.:ﬁv

X CRR : : R ; _ o

001d gralnstone comprlslng partlally mlcrltlsed 001ds w1th poorly preserved :

. ".

. i

P

AN

: concentrlc fabrlcs. These are present 1n the cross—stratlfled gralns ones

AN

of Flgure 14 (f) Photomlcrograph plane—polarlsed llght. 74712658.,¢

ar v

" ‘. : -
. Voo S i
- b 3
o H PR
. ) . o . !
'..’U_ —7“.‘ N

.’r,.,‘-. -, ..‘;‘:

fNQRound pebble conglomerate beds form th1n lag deposlts over 1am1nated pe101d e

npackstone and wackestone. Scale is.in 1 cm 1ncrements.; 74712634

4_; 'j; ”lXQ.Cp- - l_e F;;; ‘_;_ ﬁoﬁ:'iz'}i 'f_*;;j~ R
Qd{ F_EdgeW1se conglomerate that 1s adJacent to a cryptalgal mound.w fhe té££1;}'f'
. ,;clasts ave subparallel and packed subvertleally ‘within dlscrete bands.‘-f
Caamieses. e e P g
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~ FIGURE 13

o s.'”*Bloturbatlon-mottled ‘and. 1am1nated oold gralnstone w1th dark patches of

bltumlnous llmestone encéésed 1n a. 11ght coloured dedolomltlsed host.. Thls

'001d grdlnstone 1s commo y assoc1ated w1th cryptalgal 11m§§tbne. GEO 263

”fsectlon, 86 metres. Scale 1s 10 cm. SR c*,;%;,»‘;_”.g;'u l,v*l:ﬁhh,

- b. Spherulltes w1th domlnant radlal fabrlc and very small nucle1 are 2'

Characterlstlc of ottled 001d 11mestone (Flgure 15a) Photemlcrograph

'crossed polars. 747,l536.;plxrz 77.f’“ f-l ;v-_?;r; tﬂf" "‘f‘ -ﬁlj,v‘
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k3 R e
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o ¢, Ech1noderm gralnstone comprlslng platelets and columnals wlth well—

v fq' developed syntax1al cement r1ms. Photomlprograph, plane-polarlsed 11ght.
o 7471 2276' w“‘ “ r DL i . ‘

P 2
. * ) B B .o . L o N ¥ .
CaTew “;v;;;.r S s

[N}
R \ .

~d. Bloturbated mudstone w1th both coarse mottllng from dep031t feedersl and :
small subvertlcal burrows from 1nfaunal suspens1on fbeders. These small R
: burrows are. now spar—fllled. 74712300.,,-~ . ‘;_-;Q ,;_»fs-.lfj'}',,_f'i“'

. . . . . AR . . . P e 'ﬁ.' ) . A . o .. . - . N M .
T e . . o ‘ . . B . - I
.

R N
RN W . :
et A )

- €. : Shrinkage cracks w1tth dedolomltlsed mudstone are’ deformed, probably by
o early compactdon.‘ The mudstone was orlglnally mlcron-31zed dolomlte but
B has subsequently been dedolom1tlsed.x 74712622.__ e & '

‘ .\,fa.

i : better 1ndurated and more re31stant to weatherlng than the underlylng
p; sediment. GEO 202 Sectlon, 177 metres.‘;

» A . . i
SR [ S0 : »
. Al . b bl N :
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e, ... - FIGURE 15

. ThlS er031onal feature has overhanglng walls.

i probable baoerOS1on pockmarks produced by grazers,.such as chlton

tCross-sectlon of ‘a. groove w1th an abr331onpsmoothed and 1ron-stained lower'

surface that truncates both cement and gralns of the 001d gralnstone host. S

p'obllque view of this
abras1on—mod1f1ed karst feature 1s shown as the basal er031onal surface of
type so unlts (Flgﬂre 17) 74712655. o B '

oAn 1rregular;1ntepnal solutlon cav1ty w1th1n a columnar cryptalgal mound, s oa
. \

1nfllled by stalagmltlc cements whlch have . conyex lamlnatlon (L) and Yl

cellular orustal cement fabrlcs.. 74712714U": ' g :
DA B e . T . e
o . C o B v Lt T *QT‘ ; - )
. . : \ — o -
S g . ¥ : e .
. i A = R .."._v- S I TR T ““Q'-“UT"' o

Cuspate er031onal surface (S) w1th1n a cryptalgal mound.” The cusps are -

boundstone.l GEO 202 sectlon 433 metres. .-.gii7-ﬂ-

. ) e e -._ .' - ) oo -
ot . . e e
N
. S
- ) e - o . - o e . e . w3 SN Lo B3
o cor . L R : . Tl el e e . : PV WA
ety i . A

Smoothed planar er031onal surface over,an indurated cryptalgalamlglte.x,cj?f

Note the solutlon—enlarged fracture.i Calcrete eements eﬁcrust and

partlally occlude fenestrae.- 74712328 ff. ‘;v ;\\ »éf:" s

Ollgomlctlc collapse bre001a w1th stylollte«enhanced cIose fltted fabrlc 1n\\\
: bloturbated mudstone. The matrlx 1s dolomlte and 1ron—sta1ned calclte.;u

Qhert nodules w1th1n cryptalgalam1n1te.5 The nodule shapes conform to theljﬂ
outllnes of shrlnkage polygons (arrows) in. the host sedlment. L;th@fQ°1QS';;
“IIp.. _Scale is 10 cm.{ 74712623. ;j-ﬁ‘;_}v'é.f_ -_Tf'~d-jf”5,f L
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Explanation and legend for stratigraphic logs

W
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“

Stratigraphic logs are arranged in 8 columns which aré} from left to

’

8

| 1¢ Scale - \ &
“. . 2. - Graphic litholog ’
" 3. Sample;horizons
’ 4. Bedding thickness : ' { Lo
25 Sedimentary structures . o )

6.% Grain size of terrigenous component in 1lit ologies

' *

Te Abbreviated description .

8. Symbol summary of particle types

= Scale (Column 1)

The scale on the lef& hand side of the graphie log indicates the

stratigraphic level in metres above the base of the section.

Graphic litholog (Column 2)

The left side of the g%aphic log is 'a generalisation of diffefzntial ‘

weathering characteristics of the sequence. Gradational contacts have no line

separating symbols which are consequently merged.




"The

¢

-54-
limestone

hat]

dolomitic limestore -
calcareous dolostone

o

dolostone'

interbedded limestone and dolostone

limestone

sandy_

q. silty

shaly

sandstone v

siltstone

shale, mudstone

chert . ’

chert nodule, chert stringer

°

]
.

no exposures

following symbols may be superimposed on thg lithological symbols:

conglomgratic

hrecciéted
‘calcareous‘

dglomitic'

vuggy

-———



Sample Horizons (Column 3)

‘Sample horizons are indicated by arrowheads and the accompanying sample

number may ‘be followed by sample type:
P° - petrographic; G - geochemical; IR - 1nsoluble r831due,
C - conodont; M - macrofossil. Sample descrlptlons are on permanent

file, Microfiche CPDMRXWG, Bureau of Mineral Resources, Canberra, Australia.

Bedding Thickness (Column 4)

E;t] very thick 100 cms
3 thick 35 - 100 cms
| medium 10 - 35 cms,
::;: thin 1 - 10 cms
e laminated 1 em”

Sedimentary Structures (Column 5)

— lamination .
::f:, cross-strat@fication ' -7
== . cross-lawination
s A ripple marks | E ’
o~ undulose bedding . . <
NN

erosional surface

bioturbation horizontal trails

X

burrow -

< b

shrinkage cracks

~ Terrigenous Grainsize (Column 6)

vfii . -, very fine sand
oy f " fine sand
Al c coarse sand *
"> ::..
v, ve very coarse sand -
L2
g granule
cbl cobble

. . Abbreviated Description (Column 7) . o \

The ordering of each descriﬁtion is standardised, beginning with
1. colour, the abbrev1ated description from the G.S.A. rock colour chart. - i~
2.. a quallfler, if necessary, of the rock type indicated in the graphic log,

CRY- 29 grainstone qualifying llmestone.

e



-

— ‘ -56-

3. the qualifier is followed by descriptive adjectiveé, indicating component
particles and sedimentary structures, listed in decreasing order of abund-

ance.

4. a colon separates these -sedimentary features from diggenetic and: weathering
features.

T

»

Many of#the abbreviations used are from the standard Bureau of Mineral

! )

'Resources abbreviation list. As a general rule of thumb, they are derived by

removing vowels. In somé cases, consonants from word endings are also removed.

Nouns are indicated by uppercase, and adjectives by lower case.

“ -

Symbol Summary (Column 8)

This column is repetitive after'the abbreviated descriptign in that it
sumﬁarises the component particle types in decreasing order of abd;dance.
Additionally, emphasis on abundance is made by underlining e.g., p, or on rarity
by bracketing, e.g., (p). The particle types are: '

; 2
peloid
oo;d
pisolith
intraclast
trilobite
brachiopod
sponge
sponge spicule
 echinoderm
o ribeirioid, pelecypod
‘ gastropod
nautiloid, monoplachophoran
ostracode
fish “
calcareous algae
cryptalgal dome ¢
cryptalgal (undifferentiated5 e °

@§3.§x~ggm§?*@4°®@°“

skeletal (undifferentiated)
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Sxnge £alls?: rexird, ch? Lom, undulose

Nails, 3mm O,sinvous; sd. s¢

8nds?? . fomd Nod,chs
Grnst ?, salt1 £ mJ‘nx/:{,‘ cA? Repimny
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] 4 vl wityul: vl rexizd; undulose ch? Lam

=8 .
A4 enr Nod), efongate, domed
: 3 ~
° 7 yef brn Mdst, 8ndst ? biotrdld - cht Lom
b ’ '
=
3
3
oo : ] Swotrdla . rexird ; cht Nod, Ilar irreg, Cavern,colc nfil
(-]
’ v/t gy, pk; skitt LOalls,si ). ! rexird 57
n=e 1 y01 0rn skitl; Biotrdn - f rexizd; ch? Nod a7
| az=mo vi? gy Grns? @ Biotrdn,ver? .vf CA?
=20 ryel gy Pchs? ? 1gmd - m rexizd, si
'S o o - witgyGrnst,saiii; 8nds? ?-  resizd, i fopsurfoce Q2 »va
=
o vt gy Grast,sentf beils, IOmmOD ] #rexizd, si rones; Styt -]
. [ B 3]
= Grnst, sait) Lve, oligneal: chr e
o Grngt ?,vt, lomd . en? o
e Wyl gy gt 2Le paity hoviow, @ centrot sphere ) rexizd,e v s ©?
s . wh,rad 8ads? P tastr? : Vg, ‘kaynoie” '
. P Grnst,shit! - v rex/zd; s1 Foss,porehy 0B
as
wh Grnsr,clast  1ri :rexlzd; ch? Q
‘ it ye/,wh MISY, intiomd Gm:f,p/)l[qf],’ undulose Ltem £?
F2ce Ityel bm Mdst; v small scours & Grast infil ‘
=e #Drne Mdst 28ndst P, biotrdn dom onupper surface
=) Ir bro,wh Grnst, skitl. ¢ rexizd ;8i 0t top o
:
3 n,m,gybrn Grnss 2 8nds? ?, vf Lom,pit? ? emn ]
'_9 vit0en Grnst, pMi,u?, intiomd Mds? - 10tal C P>
Cht, 1omd.
oy| = ot Gragt, s¥it) clast{gronl [ cht Repimnt Q00D
o >
Rud
o N yel brn 8ndsst, biotrdtd; vf domedLlam:  Chr »?
Rud

ae # yot Griist, skit1 [gran J. st rexizd, chtNod, siFoss @O
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m CA? Lom
vilyel: rexizd, m-c; elomyate Vug,calc part infil; st Foss &

Wi, It yel: ¢ rexizd; si Foss 'O (D)

w00k Grnst,stit! {vc ] rexizd; s1colour patchy; s Foss O @

@B Grase 2,shiM, piff rexizd, ch?; st thru Y=Y
whywl,; Shit! pieces veC rexlizd L.

! -]
wd Grnse, skitt Lvel, pitl - realzd, c hr Porches A0

. - Yo
12yet Grnst 2,8kit. colc Vug; 3i parches, Frac 0 8?
.
wh Grast ?suitt Cve~gronl.ve rexizd, s surface Qw3
wPGrns? ?, 541 . rexi2a vC, I? yo! parches ;. s: Foss [e]
wh Grost, skirt Lgron] Foss,si; chr8na, neavy” o
vi?0rn Gros? 2, seit1 L ctigned ] 121 00/;Cht,m, It gy >0,
vitgy Grnse ?,sAl1? vf rexizd Yo ?
vit yal Gragt skin? [v?1; tama »20 A
-2

12 gy Grnst, skir) [spicuiite ? ve =vf ] - 3/ Grnst o>
129y Grnge, sait! pitl; rex/2d Do/, 8t Gras? b O

1Ldrm Grns?, 8ndse P, piotrdha surface, rexl2d ;e 84, Mhcocted

wh, it brr rexizd 0of, intiamd chr Nod

wninbrn . rexizd Do, ch* NoO

wh,it brn 8ndst, intiamd Do, Riglipn: 3i8ndst *2570
11 br,whi Bndst ?,(omnd, (Diotrd1d): vf rexlzd; cht Nod

vrorn; rexixd ; ¢/ XY, pores, lu/0ous 100 »?

wormbiotron(in, vere ]: vf rexixd;crt Nod, chr me/ Ends?



-104- e

ha ey
= verexizd
=z
=
= Grast, sait Lve -gronl, Rubd siFoss ©
B
333~ S wh verexizd
=
-——=
z.= v/
% o © wRbomGrns? 2 sait L granl: rexfzd; 3/ foss Q~
z
z
z *
A LN A A
===~ = vitom Xsrrar {3 -4cmser,low angle J: rexizd,m
ety =
'a - ’ Ay
-
- »
A = Itgyorn: m x/
A 4
N Y v! @b, in et Nod[f,Grnss,ski); oligned grains): rexizd Do 007 .
e .
o J p
20 .‘,.% o= v/ in CAt Nod [f Grnds, kit ). rexizd Do o .

31 vl vltyelgy;ven sd Lom, frexizrd

= - .
e = It yat Grnst,class L lom, rndd, sd) Q@ -
C ]
Loy = vitys! Grnse 7, skitl (m]  rexlzd &°
NS~ Sbuded:
W M anutd -
. = e wh Grnse, saitt L gran ] . rexizd, ve; si Foss le) . 35
i} S = wh,/tyel Grast 2, clostlrndd  saglongate]in.cx! Mrx Q@ oo (
& --= -
z.- z - vityg! fri
* wo. === .
e o v gy, ye/ Grnst, shkifl,vc ~gron - rexlzd, si Foss O~
g vi1 yo! Grnst, skitl [gronl ® &i Foss; rexired o~
= 'z Grnst 2,341/, clost " ve-raxlzd, si Foss o~Q
= [ ( N
- w— a
e = .vf IPyeldm, color bndd * ! rexizd
T - .
;o3 P vl viryet Grnss ?,p111? vinsd Lam : f rex/zd : p? ﬁ
Xstrot [low ongle, 8cm ser)
. ax e/ 6rn Gms?1,00id (Fm ) (sAitl); ve . 8i Grain oo
—r— v/ orn Grngt,saft! [gron) : rexl/zd; $i Foss o
- wh, i1 brn Grnst, skitt [frgmny) : ¢ rexizd o
—ara v 13 brn Grnst, skitl ?: ¢ rextzd 02 50
o= e s Pyat b m rexizd 00
=Fz = yelfve; sknl: raxizd; heavy’; Mn, sulpn odour si Foss y O
|~ 2 vityel, rexird
ST = v! vt yoi Grnst, sd,(oit1) ?:vf dissem py (o)
£ '1'; r'l '.E o4 vF phk Gmst,pi?,sd;vinsd Lam; 3! rexizd p? i
Wt
BV~ B
. -‘" z v wByel;fri: por
- : N .
I -
- =

vt [tyel Grnss,pitl [f],sd; v In sd Lam,; Xstrat [mod angle S cm seX) p

vt  Itysl gy Gmst, ot (1}, 5d,vn s Lom; Xstrot [mod angle 6 cm sats] p

#gn bm Grnst,pit1 (f],uni; Xstrot[low angle ID.cm sers) P
12 gn b Grass, ciast [efong, mad, pit! Grast ), skt ;witrd @0~

whyed Grast, saNt! [gran), clost [choy) - si Foss o~(Q) \
12gn pa Grnst, chasrlirreg faths of gn Mast), pii:v? Py Qp
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urnss, SRttt gron, ollign .37 FQ3s ..
11 gnred Gmst, k¥ (o e -&%r’/sﬂ’»’m

B yel drnGrnst, pinlf]; uni
1 yal &rn Grnst, pit! (v f]um,sd; komd: red Cale? F?

120k Grnst, pittle ), sd
1 gy Grnst, skiN. $i

wh Grns?, 'Mm=c),mature, srt; Xstrat [3cm sefs
1 gy Grr's? % m{'l’r,gpm Grnsr ], mbricamd /

I1y8l gy Grns, cirss Letongate, e McS2; o1 Gras? J, sAl-3s

1 gy Grnss, sk, clost LraddMongote, pitl Grnsr ] - s Foss
gy, oh Grast, skilvc): s Foss

# phgy Grnst, skrri Lvc, aligned - g Foss

gy Grnse sall; Iri
1 gy Grnst, clastlirreg, skt Mdst ], shn) ; 31 patchy

Dye! gy Grass, siitl,0ond: g1 i haruzons

non er,a:mr.?v[ m-c,close oacked ]

7 gy Grrist, oond, clas1{ some, elongare, sd 7 .
wh Grns?, 000 - rexird

12 gy Grns? ,pitt Lv?] - vf dissem Py
1t gy Grns? , ot Lv# J; shit! patches

vit Qy Grns: , skil, pitl; infils scourin SO pA) Grst, Xstror
1t gy y#/, Grnse, gkiyl, pit!

1t yo! gy-Gins?t, clast, skir

ngy :r,:lo:r,nﬂlﬂf],:d,w/ rimmea mua ciost Lirrag)
# Qy Grst,clost{sa,91g ), stitt

mQy.oh Grst,clost L radd rac.rim,v? ], shiv; same sd cios?
mQy Gmst,shitf,(ciast)red ]: si parehy

# gy Grnst shit), (Clost){red]. tri

mgy Grnsl skil,pldl - i Foss,; bit odour -

1t gy Grnst,pit {vf]3d,clos? [some yet coicrims)

1@y Grnst,clas? Lpit! Grst], Xsirar - (yel) colc M?x

It gy gn Grns?, sd, pitl, crost Lsomel

1 gy Grnss, sa,p/tt (vf], v1n 30 Lom, cgl patches
m phQy Grns?,3d,0lt! Lv!]; 3d Lom: v! dissem Py

o

vit gy Mdse; fiss

ak gy Bnds? 2, v? oltl,00id,clas? (s - &i? odour
It gy yo! Genst, clast {yet MdsrJ, sip/

m gy Bndst mud skitl, m1l- s1 Nouti/od
it yel gy Gens?, pld/ [cf, un,olg ?,9ndst - suloh odour

it Gy Grnst, sd, pll! . s/ rexizd

m gy pk Grns?, c/as?, skitt
mQy, ok 6rns?, clost [sd,stin,plt! Grast ], sitl, Insite” close

g8 98
o 9

LI~ IR QVOQO
® 6390

Q0o

mQy,pkGrast, clastl ol Grast,sa J, pitl; sivi, red nims of clos?Qp O
$

~ gy rad Grnst,ciast [raca,elong, sd ottt Gmst ], pitt-red Caic @P

n gy Bndst 2, pltl, Instrt 2- rexizd, si Foss
1t gy . yo! Colc rexizd in porches

1 yes gy Grnst,clast Lraad, c,pi Grnst,(skiftl )], pltt, skitt

11 gy Grast,clost{rmad,elong,var size,pit! Grast ] F?

-

Qp &

Q

it gy Grast,clast Lsd,v? ol Grnst,1add, elong Lol -red Cole, £ 2 Op
t Qy,rod Grrs!, chos? Lo Genst,3d,in situ): Cots,red ntersices @ P

akgy Grnst ? Bndst?, 0oids ? pict; 3ot
ak gy Grast.clastlang,prx,sd,Gmst ], piNl, skist

Qp
Qro®
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; = @ gy Gras?,clost Lradd,etong, vt pttl Grnst], pitl (1] Soin;red Cok@ o
—— = m gy Gmst,clast (pk gy rndd pidGrnst J, p/dtst odour , Py 2 Larerat \(
ns - == 1 gy Griistclost [O-4¢cmD,rnad,Bndst] . Vug, soinred F Pinfrl ©
41 18
o 2 gy yel gy 8ndst ?, mt! -
o s o vIf gy Gst, pitl, skitl; Irg clast within lithology , 0@ O
= vl phk Grnst ?,sd, pitl, wthrd, f1ss P
1t gy Grs?,clast{mad,along,rexird ottt GrnstJ,pltl; Vi, soinF ? @ p *
1 gy Grnst,clost [1ndd,elong,0-5-4cm, pirl Grost ], pit! QP y . .
1t gy Grnst, pitl,clost lirg, radd-~sub mad ,pitl Grnst ] pQ@
/Ipﬁ Grns?, pitt (v ] P
Nﬂs/,arawd insitu” clast, pit! Grnst on op @0 *
- b S ™ vityel Moarl, 7153
———. : P
"3 = " m gy 8hdsy, [alg Mcrt],pldl, Instrt . Vug, si infil V-4 2
T - -
%, - .
o e S k ) . .
= . m gy WekSI)skitl; Griist, skith 1o lithoskit!  mert ) py Qo .
200= T e ™ gy.vel Feast, sknl ;2 tone) yel Calc interconn thru ®
phye! P fone, pk wisps in yol Mix . rexizd
== =) m gy Gmse, pidl Lang ), skitl,ciosr(s,angt;(sr1): bit odour PO ,
1 yo! gy Wdst, Griist, skitl, piti chost [ subrndd,Pekst ] Q@p(@)
8- d = 1 Gy PckSt Weast, pitl,skitl; (Bndst 2) ;2 tone” p
. m gy Rekst %o/ Lv? ). 8/ rexlzd, frocd, vnd [
.o 12 yo! gy Bndst ? (Mdst ), vf fastrt thru,(00id) ? [oX =N
-~ - =
1T [ w-mgy Grnst 28nds??, pil,skit!; srt ~si skt DIt odour P > e
W |~ -
=E == W # gy Grnst,chastLrndd 1a1n,3d pit Grnst ol st Vug,sofn Qp ~-
=== |=_
== =11 2 1/t yol gy Grast,phtt (v? ], Lomd [graded bands ] P
U S — - (\‘(
e co % 1t gy Mdst,bictrdrd ;2 tone”
ylplr 1 S > el gy BndSmud,pid), SKIB - 3i skITI, Vug - P
3= = - mgy Grn.",m:f[ mdd Pokst,piti; 10 15 cm ] skit! [si) et colour QO B
L T] | I2ye! gy cnm,pm[ vt J, skint ' > Y-
. = .
[ ey
e ]
11T -n
0 - 1—'[ s T ce ~mgy Mdst,biorrdrd, skl 2fano rreg, repimn? Q.
Ayl g B m gy yer Bndst [Mdst,rotrdrd -Grnst, 1,510/, 31 iotiama J. 3ifoss p @ =D
ST T, = ™ gywl NIS1-Grast Sk ot; ;(sr1), “21009°, 1m0 @p
o e 12gy Mdst,idrdtd; overton yatilied by Grast, pid, clest (nad] P @
- = A
t Tt Gm agy Grmf,ch:t[ vmad, phl Grnst ], oad, 5d),m,rada “Jo} o
8~ ’ gy Pekstyntiomd Grast.onl (1 ]; ml’nq?ram wispylom P
. T <eon 12gy Pekst,pitlunit; 21one
¥ < v 2Oy el MIS?, pSeudo Brec; Btone repimnt colc . .
=L Lhe =on . vl gyyel Mdst,biorrdrd v s emod ], yel ‘2 tone’Lam
P = ve @ M3, WEkS?, skivl; intlomd 2 hone®; Lam discon? 8
T | &fmu ooud (m=c, I rymcml,.vf ,on 8nds’ Lom
. lfg 1,09 [F],skitt t cbgned ] 1)
o~ ngyGemsy, cmr rn.-m, rndd, 5-2cml,old! ?»
=e rgy, /plfl ,biotrord; 2 tone Lom (v m." p ,
Al lfv m:r,pa/. 11, Corkmy insiru"lctasrs mpit Mirx PO~
gyt |= ® gy Grast,oitl, skt alighed J: v# dissem Py P -
© 2 gy.rel Mdst, biotrbrd ;2 fone;, crnttd, yel lamd
e v it @y Grast,clast,pi; Pekst,pitl: Styr “@p »
.3~ ; " pme:r,plfl #;uni: Sty . . '
= 1y gy Grnst,pi| ,um dyen :
itgy Grnst,pil: 2 tone
- = Mgy Grnst,phi; Mdst, fmofrom/, fnsir? 9, Zlmﬁ
4 1+ gy Fetat, pirl,uni,? ; ok 2 tone”Lam ; rotrerd [ tn]
= 2 yol gy Grnss, /Bnd:f ?),008,pisolinsity M?J
| <= i gr Conat, Fekst, o P ivtlichaotic
W0 Horobmdt = mpyarml,p/f/[ v?Z;uni : bit odour .
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72 gy Grnst, ptrt vt sdyv i sditam; Xstrorliow angle, Scm set)

m ye! gy Gms?-Fokst,(Brdst ?), 006d, D10, Sk, mud; st Nautrond
mgy Grnst,v! pitl; Pekst, pif . sul/ph odour

1 gy yel 2 tone’: Mdst; Bndst ?; grnl zones

? gy Mdst,mort,iomd,Bnd'st?, botrdrd, 2 rone”
7&%;%;;{1{%3’2‘%%:%9%’;5na' wavy Lom
myy,yel ok Mdst,2tone’ irreg Lom ~— Brec

mgy Pckst, Wekst, skifl, clastlc)

1 0/ QyGras?,pidl pIt rndd &, (clast); Xstrat,8 cm set

m gy Weks? Pokst, plti, ski?!
mgy 1one ;inrbdd Grast,ve,skitf, clost bit odour  si

m gy Grnst, vt skitl,clast{subrngd f ol Grnst] bt ogour;ss
R gy Grnst,pltl, sd, uni,; intlamd sd L s?

It gy Grnst, pitl;clast{irg, sd 7, skitl. si skitt

/2ye! gy Bng'st 2, lamd (Mds? «vFp/t! Grnst ), tg; crand

/yel gy Grnst,vf poid,; eroded, overiain by clast,skitl
1tgy Grnst, pir1{f],(skitl ), clost,ooid (/ vt .
1 yel gy, pk Mast,biotrdrd, fserr 2(v?], 2 tone” Lam

Q@

L
QQ‘Q

=0 Q@0
-ae

2@0

00~
o~ 0"

17 yo1 gy Mst,aroded;c skl Grast 1nfil; Bndst 2 lamd, brotrotd (1) ©

1t yo/ gy Pekst 2, pitl; v uns

v Qe Grnst, pitl,sd - (rexizd ), vf dissem/( py)

v 11 gy 8/ Pkst-Wekst,pitl, biotrord, grd tn "2 tone’ yal rones

m gy Grns!t,pii; Grnst,pidl, sal,overlying. 2 phases cmt, s;
gy Grnst, p/til vt ]; dense,uni

p

(B ,
.

PR

p

12.yol QyGrnst, skinfsil clost (ath, Fokst]; b  aroded Mass2mne O @

" gy Grnst ,pitt[v#] | um

P yel Gy Grnst,Bndst 2 phdi, skt sri; choolic ;| 51 Nautilord
Wyeloy Grnatol (ot sen B Fons’)

11 gy Grnst, pit! [1];clos? {rnad, pit! Ginst 1, skitl intbndd
mgy Grast,pit! (skit! ), un: . ,

m Qy,0k Grns?, phl; colour Mot?, skit! . .

el gy Mas?t, biorrbrd,intfomd Foks?, pitt; 2 rone

7 gy Grnst, Pckst ,pitl, uns . .

myel gy Grnst,pitl [yl ], mort colour; “210ne

m gy pkMassbiotrdrd [v m];g' 2 tone’, pk Lomd
¥

mgy,pk Mast biotroed (1], 21one, phkwavy Lam ; 8ndst?

™ QYyRI GRS, clast{ Irg, sd pits Grnst,irag yol rimmed Ms? st/
@ Y0, 0y Grast,c1ast [iath,mad, sd oM Gmst ], pitl, sk in mox

m gy Genst,skiti,cios? (si28uart JPeks tbiototd Mds? : si skit!

mgy yel Grns?, skitl,chast, pltl: si skiff »partches of clas?

m gy pkGrast,skiticlast {rdd,sd,0-2cm ] : b1t odour

1t gy Gras?,pl1l, sk/f/,%sifu “clost - s1 Burrows

/t gy Pekst,Mds?,v? pltt ; alrernating Grnst,vc skit!

m gy, ok . . .
™ gy,phMdst,Pekst,molt, (Lomd ); patchy Biotrdn, 2 tone
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mgy ya! Grns1, sktY, clost (Mdst,mdd,Fekst):s1 of zones, some Foss O O Q@

mpkys! Grast,plll, vt ;¢ suiphide ( biobs)

It gy Bndst ?, lamd, mud : py cubes occaos
H,mgy Bndst ?, 16ma,mud,(pitt), v alternating colour

m gy 8ndst 7, Mdst; clost formation
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= mgyyel a)mr, lamd, pitl,mud: fig [
m Qy,0k Fekst,pit), lamd,; "2 tone" pk rexizd cale Lam . ‘P
119y Grhst, pitl,clast subrndd pitf Grns?,Pekst 7 PO
1t gy Grnst, Pekst,pltl; oltemgling Lom %
- 17 gy yet Grnst,Perst, pit! {m] . p
e o v# phyel Grost,v? pitl ;Lam, rndd clasts of same a1 top. Sty! p(@)
- -=_-z. = ) :
m gy MJdst,lemd, (parches),pld! Grnst: Styl
: == 1t m yelgy Grnst, pltl,; colour Laomy tntom rexlzd Cale [
— J ‘
J _ Itgy Grnst,pitt, (skitl) p O
ik :
. ST .. 11gy ya! Grnst,pitt [f);uni,; potches clast, sait! [si] PQ O
e = . B .
: 12 gy Grnsy,skit!{m Plorenrs,elongote, mcrt ervelcpas). si  ©?
d It gy yot Mdst, uni - ’
= o gy Mast,unit,; Biotrdn,tn vert tubes
. T - . », -
'? - - - mqy,pk Grast,pitt [v? ], 2 0ne" - pk Lom rexizd p
- z == . wh Rost, clast (insity’, Masr 2] : Sfy/ * (%]
- wh Ginst,plti v} do - .
e tn vért Biotrdn : py cubes o
2= wh Grns?, pll{}[vf],‘v'll tom,yel do - ]
0o- | T~ ; = . v
’ om w0 vr) gy Gmsr,p/r/ lv?);vin tam,(sd) o
i m yol gy Grst 2,0 Colongems, un, 71, fcrest) (alg? ] ‘o @Yo~
LLL] . © ety Gonst, 8 it KL Class L, on sohu T 0O @~
T mgy Grnst,ciast{oths, subrndd, Inster Fekst] sttt {3i] . QO ?
- = i1 Gy yal Grnst 3, gitl Lv? 1,000, clast : Styt ¥ Yol”
18- - e -
=== .
-—-X mgy el 5rnst, sk, ciost £ Mdss, skint ] oRQ .
= m gy Grase, pirtlv? ); porches Grnst, sklrl, ciast pb0@ ~
" v/t yat gy Grast 2 8ndst 2, pid1 Le ] u P
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Generalised stratigraphic sections

The stratigraphic sections that are referred to in the text are based
on generalised’ sections. As listed in Figures 8 and 17, the sections are
' . annotated A, B, ¢, b, E, P, G, and H. Section E (Fig.?17) has been taken from
Jones & others (1971). ' '

<

Five sections correspond directly with detailed stratigraphic sections.

These are: ' ’ ' >

. Sk

B - Section GEO 269 from the north-western Toko Syncline (Fig. 20)

D - Section GEO 214 from Digby Peaks, Burke River Structural Belt (BRSB)

(Fig. 22) '

F - Section GEO 202 from Mount Unbunmaroo (BRSB) (Fig. 23)

G - Section GEO 228 from Mount Ninmaroo (BRSB’ (FPig. 23)
'H - Section GEO 230 from Mount Datson (BRSB) (Fig. 24) e X

\ ‘ -

_ Sections that are compodites of two locally related stratigraphic
sections are: %%

. [}
L "

A - Secfﬁon"GEO 265 (as base) and Section GEO 263 (as top) from the western
side of the Toko Syncline (Fig. 19), ‘

C - Section GEO 236.(as base) and Section GEO 253 (as top) from the Smoky

| Anticline (Fig. 21) | -

Reduction procedure
: 3

. Aggroach , i .
” For 1nterpretat10n of the stratigraphic 1nformat10n, the logs of
" detailed stratlgraphlc sectlons were reduced to comprehensible generallsatlons.'
- In thls séction, ‘the manlpulatlons applied for thlS reductlon are discussed.
“Reorderlng. At the detailed scale, 1nformat10n from ‘the stratigraphic
‘logs was transposed to columnar format under which features were separated and . o
_ cétegdrised. In addition, 1nterpretat10ns of tidal, elevated sallnlty, . “fj
; evapor1t1c and emergent conditions based on this information were plotted. |
) Reduction of stratlgraphlc data. The reduction is performed by making‘-
L»10 metres df sectlon the basic 1ncrement. Normqlisation'of information” .
"i_fcontalned in that 1ncrement is based on: _ . .. i

u

number of occurrences of the feature in 10m -

| number of data horlzons 1n the 10m 1nterval- z._»~m'v .
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The basic assumption for this procedure is that each observation is of equal
significance within a 10 metre interval.

Information reliabili

presented in histogram formé

- The estimated percentage of outcrop is
7 *ény recec§ive rock types dre of indeterminate
ofiginal composition, owing to subsequent surface weathering, and the confidence -
of interpretétion of the sequence has been reduced by this lack of knowledge.
An insoluble residue study indicated that these recéssive beds are carbonates

- with higher terrigenous content than the prominent rock itype in the section.
GRe small section of the Ninmaroo Formation has ,been Bored in a region of total
dolomiﬁisation. In this section, dolostone was dominént throughout, but with
numerous terrigenous-rich horizons 'that would, on weathering, result in
fécessive layers. An extrapolation of carbonate dominance in this one section

implies that the Ninmaroo sequence is dopinantly carbonate.

Carbonate textures

The six textural categories of Dunham (1962) are plotted as normalised

abundance in histogram format. a

Carbonate particle types

In the detailed stratigraphic sections, particle types were recorded

numericaily in decreasing order of abundance from 1 to 4. To generalise both

this weighting and occurrence from each horizon, a crude parameter is calculated
from:

(number of ocdurrences)2 \§
total numerical score oﬁ,weightings X
number of sample horizons in 10 metres
This calculation ra&ks the most abundant agd/or recurring particle type with the
highest value, to an approximate percentfige of abundance. This’parameter is

valid for comparison of vertical variations of abundance of one particle type.

Skeletal particle types

Where skeletal components are present, thgy are listéd in decreasdng'
order of abundance in the symbol form outlined in Appendix I. 1 '

Occurrence of algae

Domed and stratiform p;;;}algal body types are differentiated in a

: histégram of normalised abundance of algal horizons.

o




]

°

~ “presence of ooids or grapestones, cryptalgal features, ‘absence of bioturbation,

t

JE R L | "

Envi ronmental parameters

Crude parameters of the env:ronment are approximated to outline the

phys:cal lamzts of the depos:tnonal environment.

Minimam relief of the sediment surface. The minimum relief of the

~depositional surface is averaged from both set thickness of cross-strata and the

relief of cryptalgal bodies. These values define the minimum water depth of the
environment.

Tidal character. The presence of herringbone cross-]amfnation or tidal
scour'channéls is used to categorise the 10 m increment as tidal.

Salinity. Increased salinities are inferred from four features; the’ — S

reduced faunal diversity quantified as the number of phyla recognised. Where

three of the four features

cur together, the horizon is considered to have

been deposited under higher salinities. The histogram records the normalised

number of horizons of increased salinity.

Evaporites. This histogram represents the normalised abundance of

.horizons with one or more evaporitic features; pseudomorphs of sulphate nodules

and-crystals, equant vugs after sulphate nodules, and solution-collapse

breccias.

Indurationfand erosion. The recognition of horizons with eroded

surfaces of inﬁufaﬁed sediments is based on the bresenée of weathered profiles,

surfacgs truncating underlying fabrlc (not stylolites), and distinct upper

'conta tg§ with ov?rlylng lag depos:ts of the same 1lithology.

Emergence. Horizons of emergence are recognised by shrinkage cracks,

karst surfaces, cavern porosity, and tepee structures. The emergence parameter
. A -

dindicates the normalised ratio of horizons bearing features of emergence.

Dolostone. Dolostone occurrences have been recorded only as total or
partial?dqlomitisatiﬁn. Thus for each 10-m increment, the abundance ‘of
dolomitibfhorizéﬁé is calculated from: ,

. ——T
Numbef df totally dolomitised beds + Nuﬁber'of'partially dolomitised beds
-ggw“' Number of beds k3 (Number of beds)

- - . . y ' " ” |
‘ Chert. ‘The abundance of chert horizons in each increment is calculated
31mllar1y 'td 'that of dolostone.
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- Other diagenetic features. Saddle dolomite, fluorite, secondary
sulphates, pyrite, bituminous zones, and ‘'two-tone' are also normalised as '
percentage of horizons with the specified feature. ,
A "
L B ~ ’
_ . ‘
,f a'; ¢
.“\—————___“_“
) -
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A (continued) =GEO Sections 265 & 263
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GEOGRAPHIC LOCATIONS AND GEOLOGICAL
' SETTINGS OF STRATIGRAPHIC SECTIONS



Field section

4 N .

Table IIT Locations ofrstratigraphic sections

Reference .. .;

N

Section no. . Map sheet Coordinates  Description =~ Photo Reference Figure S ’jﬁﬁﬁ
."'l ..v( o AN ‘ ¢ ' .’.l

base A GEO: 265 .Mt Whelan >$Q8 04'05" 3 km west of Abudda Lakes 19

©1:250 000 23°15'08" Eurithethera Soak

top A GEO R63 Mt Whelan 138°04'35" 3 km northeast Abudda Lakes 19
| 1:250 000 23°17'48" | . of Craveng Peak Run 8-0060 —_—

B GEO 269 Tobermory 137°49'10" 5 km WSW of Burnt Toko 20

1:250 000 22°58'25" Well Run 13-0018
] Run 12-0012 . :
. R
base C GEO 236 Glenormiston 138°35'0" 5 km WNW of Bullock Lake Katherine 21
. 1:250 000 22°12'24" Paddock No. 2 Bore '
} Linda .Downs
, top C GEO 253 ‘Glenormiston 138°39'48" 14 km west of Lake Lake Katherine 21
L - 1:250 000 W22°23'36"' Katherine Run 11-0479 ‘ )
D GEO 214 Southern Burke 408975566 2 km NW of Digby Digby Peaks 22

River Structural
Special

Belt.
1:100 000

Peaks

%

Run 3-0070
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Table IIT Locations of stratigraphic sections (cont)

. ) ’c"—;-/_' .
Field section N o - ) Reference
Section .,No. ~ Map sheet Coordinate Description Photo Reference Figure
E ' gee Johes & ° Southern Burke 418675271 5 km eagt of Robinson Digby Peaks -
: others,1971 River Structural - Bore, Corrie Downs. Run 10-0113
Belt. Special h
1:100 600
P GEBO 202 SouthernABurkei; 426375083 Just below trig ~ Boulia RC9 23
, River Structural point, Mt Unbunmaroo Run 5-0076
) Belt. Special '
f .1:100 000. ’
G - GEO/EES Southern Burke 428974992 0.8 km NNE of Boulia RCSY 23
. \ River Structurai ‘ Mt Ninmaroo Run 5-0076
: Belt. - Special
1:100 000
2 c .
H GEO 230 Southern- Burke 436974811 BEastern slope . Boulia RCO 24
o River Structural of Mt Datson Run 7-023%4
Belt. Special ' :
. 1:100 000
G,
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Table 4

Undifferentiated

}Beaf;ie Creek Conglomerate
\Apstral Downs Limestone
Noransige Limestone

Digby Peaksg B;eccia

% -
[}

Hooray: Sandstone

Mithaka Formation

Carlo Sandstone

Nora Formation !
“Coolibah Limestone

Kelly Creek Formation

Withilidarmna Dolostone
Member

Swift Formation

Ninmaroo Formation undiffereéentd.

4
dolomitized

vDatson Member
Corrie Member
Mort Member
Jiggamore Member -
Unbunmaroo Member
Chatsworth Limestone
Lily Creek Member
Arrinthrunga Formation
Undifferentiated
Black Stump Arkose

Yardida Tillite
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As a result of the lithostratigraphic study of the Ninmaroo Formation
and 1:100 000 mapping in the Southern Burke River Structural Belt (BMR, 1976),
the following distinction of members in the Chatsworth Limestone and the

Ninmaroo Formation is proposed and defined.

C

CHATSWORTH LIMESTONE

i

Lily Creek Sandstone Member

The Lily Creek Sandstone Member is named after Lily Creek (140°17°'30"E,

22°00's), a tributary of the Mort River. The type section is the upper 12°m of

the Chatsworth Limestone type section at Lily Creek, within the interval 288-300
m (Shergold & others, 1976, figs. 5,6).
' 'Thé member comprises white to light red, very fine calcareous cross-

stratified sandstone with foresets at an angleéof 5°-15°. Thin beds of
. — Q-ﬁ e

intraclastic limestone with abundant fine sand’and some skeletal fragments, and

calcareous siltstone are also present. Peloidal grainstones of the typical

Chatsworth Limestone underlie the Lily Creek Sandstone Member. No contact with

overlying strata is seen at thé type section, but to the south the member is’
conformably overlain by the Unbunmaroo Member of the Ninmaroo Formation. In
this area it is thicker (40 m at Black Mountain) and is less sandy and more

calcareous, consisting of' sandy cross-stratified limestones with interbedded
friable sandstone, light grey and brown siltstone, and intraclastic limestone

with some horizons of skeletal hash limestone.

ran -
The Lily Creek Sandstone Member is strongly diachronous. At Lily Creek

it lies within the Hapsidocare lilyensis Assémblage-Zone (Shergold,. 1980), which
is thought to®equate with the Rhaptagnostus bifax/Neoagnostus denticulatus A.-Z.
= :

at Black Mountain. ‘At the ¥mtter site, the Member occuré in the Neoagnostus

quasibilobus/Tsinania nomas A.—Z.‘ This infers a southerly regression during the

. &
latest Cambrian which took the time equivalents of the Rhaptdgnostus elarki

maximus/R. papilio and Sinospukia impages Assemblage-Zones to migrate the 54 km

from Lily Creek to Black Mountain. At Dribbling Bore, phe most southerly
locality at which Ché%sworth Limestone is exposed, -dolomitised sediments thought
to represent the Lily Creek Sandstone Member, lie: at the base of the Co;dxlodus
proavus Aésemblage—Zone, iliustrating the oontinuatioh of the regression into

younger biochronological horizons yet.

»
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. NINMAROO FORMATION

The Ninmaroo Formation (Whitehouse, 19%6 amend. Casey, 1959) extends as
a thick sheet of carbonate rocks over much of the southern and southeastern
region of the Georgina Basin. The'type section is at Black Mountain (Mount
Unbunmaroo) where five members are recognised: the Unbunmaroo, Jiggamore, Mort,
Corrie and Datson Members (Fig. 23). Detailed mapping has demonstrated that a
consistent lithofacies pattern can be recognised throughout the Burke Rlver
area, and that these lithofacies approximate closely to the recognised members
(Table 1). The three upper members are essentially the same as those of
previous workers (Jones & others, 1971; Smith, 1972). The lower two members are
equivalent to the variegated limestone/dolomite member of Jones & others (1971).
The Unbunmaroo Member is equivalent to units 1 and 2 of Casey (1968) and members

{1 and 2 of Smith (1972). - y

Unbunmaroo Member : /////

Unbunmaroo is- the aboriginal name fovr Black Mountain (140°17'E,
22°32'S) on the Boulia 1:250 000 Geological Series Sheet. The Unbunmaroo Member
is exposed in 'a narrow 90 km long belt which extends from the Swift Hills in the
north to Dribbling Bore 'in the‘south. Its type section lies within that of the
Ninmaroo Formation at Black Mountain. The thickness of the Unbunmaroo Member
varies: it is/165 ot at Black Mountain, 250 m at Mount Ninmaroo, and 120 m at
Mount Datsqn. At Dribbling Bore, 69 m of dolomitised sediment referrable to the
Llly Creek Sandstone Member of the Chatsworth Limestone or the Unbunmaroo
Member of‘the Ninmaroo Formgtlon, or both, 'is exposed, but the top is eroded.

Similarly, to the north, at Lily Creek, only 40 m of poorly exposed sequence

are referrable to this Member. .

The Unbunmaroo Member comprlses ‘medium to thick bedded limestone,

peloidal clast}and‘@eigldal g alnstone, micrite (probably thrombelltlc), afid .
-

sandy pe101dal grainstong. orphs after gypsum crystals and anhydrite

nodules are relatively £o on in the limestones and chert nodules. A massive

cross—-stratified peloid and ooid grs&nstonep sandy 1n plaees~and-egmmomdy
rdolomltlsed occurs at the base: within this bed aré biohermal mounds of
stromatolitic boundstone. . v ’
The Unbunmarco Member conformably overlies the Lily Creek Sandstone
Member.of the Chatsworth Limestone at Black Mountain, Mount Ninmaroo, Mount
Datson and possibly at Dribbling Bore. 1In thepiily Creek area, however,

detailed mapping has revealed a probable unconformity, and this is supported by

2 ‘ °



_Merlin (Duchess sheet area) southward to Mount Datson.

ichange to predgminantly flat-pebble conglomerate limestone.

» ~o
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A¢~%he—éa%erseetion-o£~a~¥§u§ﬁ;4&;p£ace_in_drill=hglesih_mhe~base”Qf_Lha"Unhnnmaroo

Member lies within the late Payntonian at Black Mountaih and Mount Nipmaroé, in

the fatest.Payntonian at Mount Datson; and -in the earliest Datsonian at
Dribbling Bore. '

Jiggaﬁbre Member

The Jiggamore Member is named after Jiggamore Bore (140°11°'15"E,
?
22°05'S) on the Mort River. It is exposed in a 120 km long belt from Mount

The type section is
within the type section of the Ninmaroo Formation at Black Mountain where it is
206 m thick

oy -
ﬁg ‘leggamore Member is characterised by ,two-tone' -limestone, and

%%At Mount Ninmaroo it attains 130 m, and at Mount Datson 92 m.

\ ey
comprlsés thin Eg/zﬁick bedded limestones (micrite, frequentiy bioturbated,
clast peloidal and peloidal grainstone, and ooid grainstone), dolostone, and
dolomitic breccia. Diagnostic 'two-tone' patterns in the carbonates are a
conspicuous diagenetic overprint which has gradational limits. The lower

boundary of the member is drawn at the first occurrence of 'two-tone' limestone °

prességing its dominance of the sequence. The upper boundary is drawn at the

The Jiggamore
Member is.regionaliy stratiform, but the boundaries may be discordant on a small
scale.

Mort Member : h

The Mort Member is named after the Mort River (140°10'E, 22°05'S) on
the Boulia 1:250 000 sheet area. It is exposed in a 95 km bg&t from the Swift

Hills in the north to Mount Datson in the south, and its type\section is also

within that of the Ninmgfoo Formatio%ﬂit Black Mqugzg}? where it is 129 m thick.
by .

Some 104+ m has been measured in the “Swift Hills, 120 m at Mount{ Ninmaroo, and

40 m at Mount Datson. The Mort Member conformably overlies the.Jiggamore
: ) . =

-

Member, and is conformably overlain by the porrie Member. «
© The Mort Member is dominated by thin bedded flat—pébble conglomerate

limestone and intraformational breccia, together wiE? peloidal ooid and-peloiﬁal

clast® grainstone. Stromatolitic and thrombolitic biostromes have also bean

Iy
observed in the Mort Member. TFlat-pebbl'e conglomerate is formed by the i

exfoliation of algal mounds and the break-up of hardgrounds durlng p@rlods of
high energy conditions.. ' '

&




———Corrie Member ; e

This member is named after Corrie Downs pastoral property (140°06'E,
22°18'S) on the Boulia i:250 000 sheet area, where it outcrops parallel to the
Mort Membe; in a 95 km belt between the Swift Hills and Mount Datson. The type
section is within that of the Ninmaroo Formation at Black Mountain where it is
90 m thick. In the Swift Hllls it is 186+ m thick, 170 m at Mount Ninmaroo, and
200 m at Mount Datso%) : - f
‘ The member comprises medium to thick bedded echinoderm limestone
(skeletal grainstone) together with ooid and peloidal grainstone, skeletal
peloidal clast grainstone, and cross-stratified dolomitic sandstone. The white
to pale yellow echinoderm limestone, which weathers spheroidally and has a
uniform crystalline appearance, is the characteristic rock type. The lower
boundary 7is marked by the‘change from the dominance of flat-peﬁble conglomerate
to echinoderm grainstone, and the upper boundary by a change to thin bedded

‘peloidal skeletal limestone (Datson Member) which is commonly dolomitised and
silicified.

The Corrie Member ﬁas ;n places beern deeply weathered resulting in
silicification of the skeletal grainstones and the development of chert lenses.
The regollth developed over this unit has been mapped separately as the Sw1ft
Formation (see also Datson Member).

o g

Datson Member °

f S
The Datson Member is named from Mount Datson (140°23'E, 22°47'S) on the

Boulia sheet area. It also extends like the underlying Members, from the Swift

-

. Hills to Mount Datson, and its type section is also within that of the Ninmaroo

\\\\ Formation at Black Mountain where“lt is probably 215 m thick. At Mount Ninmaroo
P

it is 62+ m thick, at Mount Datson 295 m, and in “the Swift g%lls is préserved

only in scattered remnants. /.

The member -comprises .thin to thick bedded limestone or dolostone : S

AG (skeletal grainstone, boundsgﬁge, peloidal grainstone, clast grainstone, lime
mudstone), and chert: <&he phi

P

is characterised by dolomitisation and
silicification. ‘

) The Datson Member 5bnformably overlies the g orrie Member, and is
gradational 1aterellyvand vertically into the siltstones and mudstones of the
Swift Formation. Additional to. this gradational boundary with'the Swift a
Forma%ion, a regolith compesed of chert fragments derived. from the Corrie and

Datson Members and which has been mapped as Swift Formatlon, overlies the Datson

Member unconformably.

-
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