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" The 'lhnmarooFo~a~tion (Upper. 'Calilbr.ian, -:·LO~a~O~dovic.iari) 'has a "
• . '" • • '.'~'". l~ '.·:~·,::i'.' / . :,", . ~.' ',', '" " ,':';. ", '. '. ::,,', . ,'.'
widespr~~d.d.istribution in the. southeastern' Geo~gina ·Ba.sin,of Qu:e~,nsland.and the'.

. . ', .. ;,,' ,.;,', .,","'. ", .,' ,-., . ",,".

Northern Territory,: extencUrig froiUnorthwest of'tlleTOk6, Syncline'· to the "east:
~,7 '_,", '" ;',' .• '.•.• ."'_'<"":',', .,"'~." .',' ,', " . ~_. ..., ...•. " ,.,it" , •.'~ I I:" .

andsoutb"-over the .SmqkY Anlticline'to . the Bu~ke River. Structural Belt. ' . It
• '.... .~ • '. '.' • ;.,"(1 _ " : .••.".' • .•.• . to • " ,'- '., '. ~ ". ::.:

overlies' MiddleandUpperCambrian.u:nitfJ with; dis~onforu1i:tY~ild unconfQI'IIJ.~tYt,

exce.pt tnth~:' TOko~;inc.iiIieand Souther.n:B~rke·:~i~e~,S~'r~cituralBelt".whe1'e~~'e'
· s~~quel\ce' is :confoI'llia~'ie~"To"the'llestoltheT8kQ"S~~line:'£'t i~terfingers' , .

,. ' .' .:.', .." ...),_ .'. .., , ; '", "".'11 i~.'· ." "
· later~llywith 't.he Tomahawk: 'Beds. -The upper bOUndq,-ry'is' an i'erc$sibnal. surf.ac'e(

. . .,' . - ~':' ". - _., , ;. .: ~ .:" .' '.:~~:: '. ,t,,':, "". "":.:, :';, }". J "," : .:,~,~::. ;'. I

everywhere excep~ ill t~e centra:~ Tok;<;>. Syncline, whe,reit· is, appar~nt~y con:(.orm-
. . .' ; • ' I.

ablY.,overlain .bY the Keriy. Cre.~k.Formation•. The. formatioIl; ·'is 'up.-950 m.thick,
. r ~tI· " " ...". i , • .' • ," ..•• _,' • • • "'" .. ,. • - .,:; . I" • . ' ' ~. ," .... ,', ,~.

anq. comprise.s bi tuminous limestone, limestone, 'siul,dY limesto,ne',~ do.lostone,

~aicare()us' .sa~d~ton~ ,: 'sfltstone , . ,arl~:~inor. sha'l··e. . ;L1 thofacH3s '. d;f~tri b\AiOn 'in ,
. . <2"':.. ." '/C. . -, ..~" •

the' Ninma;oo Formatio.n indicates 8 sequence: that' 1s progra~litional·to: ~he :east·

';~~d.· soiuthe.~st~ '. "The' sequence :COI1Sists of ',~basai,ooid Garb~riate::lith6facies';'
ov~rlairi by.peloid. carq6naie iith~f~cies,,8. te~r1genolJ~ litho;f~ie~:\ti the '. TO'kO

·'s~c~~ne ~ fia t:"pe'bbl~"'Cbng:lomerate'litho'f~~'~es-;,mixed- ca;bg'riate.li:thofaCiesin, .

. ". the Toko Syncl:lne', "s~eletal" ,carb~~ate Em~ peiO:i~' carbonate ~:i:t~o'fac~es:~the
· 'Btirke"--lhver Structural Belt .'Acrystalline: dqlostone .1:1tho-faci'es' occurs'mainly

\. 4 , ..:. . '.' .. '.. '.: .~., '. ,.:" . '. . .'t5 -. :.' .

along' fault zones". Most· ofthefile.litllofacies' accumulated· by cyclic ,sedin,ient- .
, '.•• ' • • • ' •• ' • > , " • • ,'" . ',.'. .... • •

a tion, which produc~d .sheet ~eposits 0",1-4.5 'm'thick. Three cycles are,

recognised;, ~'ryptalgal c,arbC?Jlfit~·~...~~,.lOid c:arb~tia~~ !'andsltelet.gl~oo~d:., .

. ,,

carbonate.
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. .INTRODUCTION' ':.
U .. ·'· .
If c.

'.'

I .•...

I .~ ;

.........

.'. d-..
.. , '. '..

>,.....
~: This repo.r.t d9cwnents :the '}.ithost~atigt:a~hy Of,' the.·Ni~aroo 'Fo'l'II1tition' .

(Upper: Cambrian .. ' L~we;D~dOv.ici8:n) . in t;eGeor~i.na;Basin~ ". ca~~citiate' rock types'

are described ,~ediin:entati~n ctcI~s 'interpreted! and li.th~faci~~-":'defin~d"···"
.' . ,'. ~ '.. ' .. " '. 'l'

The·. study:.is· par1l.Of the' jqint Bure.a'u~f'iotin~ral Resourees/Geologieal
. '. " > '. '.' .' .. " :' "'.}.. " (F, ..' , . .', ... .

Su:CVe.l of Queensland Ge,orgina B~sin Proj..ect r a· mul tid:lsCi,p!inaby,program' " .

.;, llnde~takingresea;ch' id' ~tr.at.igrl:lphiq>:and·'structura~'A)robie~~as·well·.a~

'a:isessm~.nt: of~~~nomic potEinti{iL Of1;h~ regi~n.' '.' ". "
. . ~.

ACknowledgement:s .', ;.

;;'"

.',
~ ..'.

'. '\

,.

"

_ .' . The workop whi?hthis ~eport.is 'ba~e~ was part of . a . doctoral' resea~ch';
. i ~ ?" .. ' ""~.'. .• "..' ~ '" . .... -'. . '. j

prpgram JRadJk~', 1978)1Uld:ertakE;l.nat Rensselaer~Po:tYtechnicInstitut~;Troy: Ne~
• '. . ,I . ':,". 1:' :.; ~> {~." -- '-',.0 i-. " ,.' .' ~ ~ . '.:, ;'. '... " ' ... ~.." .. '

York, under the .supervision·of G.M.Fri·edman, a:ndfinanced bya:~'Austrai'ian... . . :.. .. . ..' .. . .i '. I'. ". ..' ~. ..' .'. ..;.., ,'"' ;'/>. 7

" '" Government Public Service Board ·Scholarship. ," ..
. '" '.'0 '.

Fieldw.ork·c6rnmenoed in 1974 andC0!1ti~·uedthrOU,gl}).~q19li6oirithe:J3~
Georgirili Bas:lm Prpject~ E::C. Drlice, ,.J.,l!o·:ShergoL!i, J.J.~i~~per, C~R~ Pointon, .'.

~nd J> Ker1n~rd provided fr:uitflll·disbus~~on·aiJ.d~ssisted·i~~the f~e~dwork.• · . K;

HeighwaYPr:o;ide(r'io~support''throughout' the·entire'prOj~c.f·"·~rid:.·h·iS.
. . '. '- '. ' ..~,., ",:- i'>~. "~~~', '.'~ -. ;".' ',,~, ; _' ..- .' :..... -'; .;y ..•...- ..... ,:~'. ~'.~>"'r',' ".~:' ....,: ·.·.(.t~~· .!.~

efforts wi th.A.T•.1 Wi.lson ·to gett~e most ,out qf the. ,proce.ssiI1w,fo~i:~Q~9dop:.~,·
• . . ' ..:. " _ , : -. . '. ,', ..". .;:\/ ._. :-.... ' ;'''~ ',,' . ';' '.'0.

faunas .are much appreciated. Fauna'l determinations were' kindly .provid'ed by E.C.

Druce, J.H.'~S#~;gO.ld; and.'J., Pd.jeta, Jr. ::, .. ' ',J.! . . •. :.. ..,;:?i.~.
,ram in9iepted'to V~ Semeniuk, W. ~9gers, .R.t~_ ~a~~is., ..E.R·~1·10'~er;', s~' .

Conway, G.·Winde.r, i... Seilache~" A.:J. Rowell ~nd C~H..~.Mdor&, Jr~ for d~s.cuss~ons
, .. .-

that contributed to th:tsstudy.'" .-,..~:~\,~., .

---.,\, . ... /

Previous I~vestig~ti.ons ..
. ,'-' ~~:, .
~ , .

.1 '. '.." .'.
•. . : J . ....., .

A thicks~quence' of <limestone e)(~os.e~ at Mount Unbunm~roo,Mount..
. ' . , , ~ ,

. Ninmaroo, . and Mount Datson in. the Burke Rivert Structural Belt, was named the '/
',.',.. . .'~. ... . .... " ",: .. :~,~;.-~ . '~',~~,~ :'":.",.,' " .... ": ,." ,.' /-'

Ninmaroo Limestone c'and o·interpretedashaving/9.n ..~g~ of' Croixian' (Late Cambri.an), .

. ·to . Early Ozarkian' (EarlYc:er~OV";ician) by 'whiteh~l1se -(~-9;6)'.~NoIurth$!:wo;k '.. w~~'. ..~'
. ",'. :"-'., ': . ! .. > :.' .':.,.. .-~;:;;

undertaken until thelate"1950s',' :when the ·'Bur.eau of Mineral "Resources and .the .'

G~ological s~rv~y of 'Que'ensland"comm~ricedregional. st'ra:ti~raPhic'mappingbf oD

. 1,': ~50 000 She~t areas in \he Georgiria'B~'~i~~" . , ... ,. •. . . ""

'. . ·TheNinmaI:O().Lime'~tcin~\(·Whit~ehQUS~, e 1936) was. later subdiviaea in't()tw~' .
. # '.' .

--'---,--~tons-,--the4()we-r·-~ha:tsworth'I;im~stoneQverlai~ by' the Nimnaroo Formation
• . .', _ .,'.:,...... • ' • .' .',. .', .' ,:,~ .. ~ ':' ., '.. ' , .. ' _,' i( ',' _ .'. ,('\

('Casey, 1959). This,subdivis'ion and~han~ein name wa~f based on' the preval~nce

of do'lostones'arid sandstone int~rbeds in outcrops t~ the we-st of the Burke River-..--/' ". '. 'r: .'

:,'

. ,
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SiructuralBel t. .

.The .. fau~~ Of. gastt~!~o(h!, nautii~i"d:, ri b~! 1'1 oi:+dS·,. mo~oP.l~qb~hOrims·!
briachi oP'~ds"t.ri 1o,hi tes,' co;~~hi,ne. algae , and ecq~ node~s (Gi 1bert.-TomI}~ nson',

.1959) was noted' to di frer 'bet~een"\ih'~:'l~;'9r arid ~~per p~'rts -of the fo;m~U!0n

(Qpi k, 1960) •. -An ~n'conformable;' ·~pri\~·ct!. ''':i ~.~ :th'~ "ov~rl'Ying Sw~ ft B~ds wa~{r..

repo~ted by ,Opik' (1960) ~d B~~wn (1.961)'" ":. " :,:",., ". .'. . .....'.' /t
,. .,'...... . ';, .. ' ....... :"~' " .,'::\';:'~'~~" ";." ..... " .. ',:.:~ .'. '.:. ' '" : , ... "'... .. ,: .. "

"The ext~nt" s:tratigraphic relatio~s·,.. and·· ..~aI'i,attqns'of the Ninmaroo"
. • ",,'. " ...... .' ".~ 1.., • • ~ .' . . . ' '.' - _ • , . '" ~

. , Formation were '''l>rogre:sai:V~'lYdefined~y:regiona1.~apPing 'I)t:lth~ 'Ura:n,dai1gi Sh~et·
.. . . ,.' ,.' ".'..~, " ~" ,' .•. "~ :'. ,'·,;r,.. ". ,"

(Woak'es, & others, 1,959)< ,Bol,ili(:1 Sheet.,(Casey, 1'g60}'1 TObemorY~heE3·f(.Smith.&'41 ..

Vihe, 19"60) ,,' DUche~s' Sh~~t:-'(.bar:te~,& ~P·ik., 1963), Ha~j~iv,er Sheet'(Smoi.th~ 19:63'),.
. ...•. . . ....., :;/ . . '. .' . • . .' ".j' . " '. :. \ . .,' " .f'

Sandover River Sh~et(1!ich01S:' 1964,1',~aIl~ ~JenorinistoifaIl:d.Mount WhelanSheet~ '.

(Reynolds & Pri tcl1ard, 1~64). ". ". ~'"h , " :" .
..... • ~ -t:-- .. . I . ., :'.y'

In the Urandaagi' area, beddeddol·ostones.were mappep. ~s the Ninmaroo
:, '.., ~'.' . .. \ .'.' " , ",.,.", . ;. . .'. . '.. ~ ,.. '~\',,":"~, :." .:,', >.~ ...' . ' . . . ,'.

Formation--(-Noakes~&":-b~h't3r~,1959) .' .":In.the-Tube:rmol;y at"ea'" tlJe,'f'QL'mrtl ofi:-'-'-,-·-'-'-,-'~~:-'--'''''''-
•• --:.. .'" •• '. ' .' ... .',:. : •• '-' ': ,,'. '. :. " ••• -": ••• , ";'. ...'., ,> .,

w-as descri bed "as over1ain. by" :the KellY Creek Format.ion. (Sini t.h &Vin:e'~ '1960J,and',
'~~'.',~ -', . . ,",' .. :. '" '. ,., .... ",,,. , . " ..r":::>.,"', ;.. , . ., " '.' ,,":-::'.,

w-as la tershow-n to inter~in.;~erwi,th th~ ter~fgenous Tomahawk Beds . (Smi th,1 ~6.7) .
. "'if" . ,:' '. . .

beneath it. '.- .,~, , . r. 0 • '.' " , ,

.Onthe. east'ern l:i~b' dr..~he Toko\ SYnCli~'e (Mou~t Whe~~n' '~nd 0 Gl~rmiOsto~
Sheetar~;~), fiVe.inf?;m~l r~ok Unlt~ ..efe" r~co~i~e~,. 7ontain~ ~ ;~~%..Of
nautiroi>~s.arid riJeirio"ids that W~'S· domparabl~ tb.that knO'l'ln from "the'iBo4lhi.,
:' .... ~,... " - • . ' ".' ''''.'; : ','"i.;:' .• '~'Y!'~',' • ','. ,'~''':•..

area {Pri tc.hard ~ 1960} •. " Ampre c()~p1e'te 'documen1;ation of, th'er fariha' by,;c;R.eynolds
. ) . .' . .' <.'. .' "/\; , . . .,. . ..:.... .:" ",,~. .' . . . .. • '.

(1968)~ i s te(Palgaj~stroniato1 ~t~·s.~,: n~<>ids, Brachi.~~~~'s ":'~~ b.el~i?j~~, ." .:',:. " '.,

ga13tropods, . tri lobites, conodonts, .and' ech:i'hoderms •. The: formation was- consicier;., ..
. . . , ' :;'''. . .... ,.~ '. ./ " '. - .' .... . ~, ..... \.. . ~ ~.~ ',:',::,,'.';.. .

. e~ .,to be disconf()rma9'1~ on the Georgina. Limes'\i'6ne,aqdto . grade :in,to the /1.' :i.\,

~erlYingK~llY C':reek FormatiOn·(R~yn01ds·e& .. Pr,i·tchard-, 1,964) ~ )rh.is ':~~per, I':'~'"'
con'tactwas later shown to .be':a·"diS,C'OIlfc>rmity (Reyn?~dS, t9~A)}. .... , /

.' . , Further to the'work'of Casey ,(1960) in·the:Boulia S,heetarea, a ,more ' •

detai led li tho.s>tratigr~:phic.and, p~·~rOgraPh~:c. stud~ ~as undertaken ~;r Brown'

(1961 t,'Who 'con~luded thatthe'Ninma'roo F~'~ation'is' the~Te's~lt~f carbona,te apd ..
• ,,'\.- . , ...IP . . ." .::'.. ,'..- ..:' ...,' . .,',

terrigenou~ dep'os~'ti'(:ln in war~shanow··tidal seas with spasmodic and cyclic

'tran~.gressions as we-ll as the··pe;iodi-C-'eme~g~nCe'9i\~ia~d'dh~i~~:.:··])eP013i'tion

was. consfa,ered to :be"~:~n a gUlf,"a nor~h~south' ,graben,tli'at, '6<?rreSpQIl.dedt6. 't~e' .
. ' t, • '. ' ~ . . • ..•. .• "I .: .,' • . • '. ',.', ' .- ,~. • ,: •.:' ;'. -: •• ",'.; .'." " :,. '.: ',' :. .. ~

Burke.Riv,er Structurai Belt· (Bo~lia ancl D.uchessSheet a:reas) •.. S\i1J~eque'nt~ ...
. , , "~',., .' .' ... ,. ...') . '. .',."".

d.~tai'led'1>io~tratigraphi,c.'st~dies·testabli shed asse.mb'la'ge': ZO~~f{ ~se~ Qn con0<i0nt,;,

faun~s (Druce &':J~ne~: 1971)and indic'a:ted a'general 'yo~ngiri~'9f 'the se~\l'en'c~:"to
, ~.' . • .'. . .,",' ,: . . ~., ....;. . -:' ,:;";f.. .

'< the south (Jones ,&others ,1971 ).. Further mapping..at.: 1':100. 6bb~c~le' (BMR; .'

---~MstMti~r~~cd ~~-.-c-~---~
.... . ' . .. .">. , ,~

spatial distributi'on.·6f info,rmal, members, mo'dified from Brown (1961), with.in the

:.'.

.. ",:"'"

.. ;~.
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'. Bu~ke River 'Structural Belt •... Theo~er~Ying SW~ft'Formatidn:' w~s' proposed': to 'be,

i~" part;' a regolith that.' accumulate·d.~~~e·ra·;ea.the,r;dsurf8.ce··~f theN:i..rimarQo'
• • ; ... ." 0 0, _. ' ,.. '.- '.' .',. ..'''' • oP.j.. " . ",. : ' " .'

. Formation. "Rec~ntly, the' ·.ri'bei:rioi4· (tostrClconch) fauna of th~ ..formati,cm nas

been described arid,relat~~ to';th~~;;ei~sti..p.g·l1iostr~t:i.g.raphic .f.ra·Iliework· (Pojet~ .. &~ ,
" '.' . . .. ' ...' " . ......,.... .'" .. '. . : I .' '. . . '.' . ", '

others ,1977)•. '.. . ,......~ . ' ..
, ..,.'..' , . ,'. .: .< ".. ~ ',' ; • ..:. . . ..~::: .' .. ~. '~ .' I' .. ", i;Y.'

__, Reviews,of.thEfstratigraphy Qf the NinmaroO' Formation' are' giveD;" in:
. " .' . . .. ;", '.. ,!.' ..... ;~ .. : . ... , " :,' <'~. 7':,' '. "" • ' ','''',,,',:,:,.1: -. . . . ' ;....

Smi th' (1972), She'rg91d~& othe-rs (1976},,' and Ra~ke··(..1980). '
>, -', .'t,:'j:" . . . . - . ,. '( ....:fl

_. ,z," .'01.. ,: Methods' o£ inv7stigatic>'n

. ~ , .
". ,':- .":'.

·Field. qacumentat.iol) \j.~. G
, I,.

. . The·Qbject:t'J'e.'of>:the; f;j.~J.d,..work~~sto.--acqui.re .areprets'entati,ve'
_~ '_':- .__ .,_,_'_.-::..._'_., ", .•. "",.",:,D.,'" :,", ': ..: ..'~"~,/~;,-r" .. '4.'.' "'. ~";"".",',.::,.', " " •

samp-l'ing of the. Ninmaroo Fo~atioIi' 0'1/ 0 rE/-pl).ic e,xtent arid thespect.rum '

, of ·{is.tectonic, se·tttngs.:.-Th~lo'ca·Hoill:Jof'stra'tigr,aph,ic<sec:i;ions,'were-;:Je ec
, • J ..,.. •• '.,/ ," '" ':,: ,'" l~ ". "'. ~": '.:,'.,:'~,,:, " ". ,~. ""::-: . ':':. i..:

fromA,,1,: 2!30 OOp. BMRGe'QIQgical Ser~les map13,,:ot:. Boulia, Duqhess",Glen0rIIl~ston,Hay

Rivet·, Mount WhelaJj, sandover,~fve·~, •. Toberm9ry ,>:u~~nd~~g.~'; as welf', fJ,S un:pub.liJ1Jl<

~d m~ps of' ;Br.own' (1961')' a~q.the; 1c ;1 06. 006 BMR"pr~~liminarY;E~di.tlon. o:t.-the ....
. ' •• '. o'~ ......!'.'.,,; ~<,.'-> "" ... ',' . ,'".'. ',' ":: \, ./"

Southern Burke Rive'r Structur'al Bel:t. Section lines were,d'etermilJ:ed ·f'rom ,the
, " '.' ',' ' ..... ,,' " .. :" ",,'

relevant aerial Photb~raphs:'1:00. 000 RC9'Seriesa~d'1:26 000 c~lotirElet'ie~•

. 1.. '. sec'tion,l~cati()ns are ~i~eninAPpendi~·IiJ:~. ,Ea~h ,sele~ted' 10cality, ~a~~,~appe~.
at, photo-scale. In mo~t~re~'s tl)e s~quetlce\sDfl~t to' gently dipping' (<:·5·.·. ", .

• . ' ." .' . . :", .. ' .. " , . ,," . .', '-,.' .' '.'b ' ..,.,,' , . .

degrees), but' steeper :di:ps (up t9.60ClO) occur in narrow faul t 4blo~ks apd, in 'large'
", ·"0,, ".,"" .' ;F"!.. . :,.,.... ', ...". ," ",,';:,~' ...'.,.;.''''\<' "::. " ,;." ,

folds. Sect.io~s were measuFed·withAbney. l.ereland. ·Jacob'sst,af'~. ,Indissec-hed

.t,Elrrain,: sections' were me~sureda:long.sp~rs'of ri~ges, 'a compro;l'ise, between'·

access and minimal s6ree~~<{erage\.. Cree'k se,c~:i'oris' were. g~nerall~un~uftable.
, - .. ..~ I

because' of masking of outcrop. byfllood debri.s .and cal,crete coatings. ,
, " ,.' . .... ' "... . . ...

• ,'Sj;ratigraphic :i..nfoI1Ilation was logged ~t, 1 : 200' scale in' the forma~ ','"
" 'I' ~ " . ' '." ',', .. ~"'~"""', ...... --.'

outlined'. in Appendix I. These sectior1s', were too deta:iled~ for general 'lithOJ- .:
. " ,'.," . " . .. '. " "

faC!ies'trends tob~ readily, apparent'· and. wVe subseque~tly redu~ed' to a' .
. • . ' . '., . . " ., ' .. "._ .~, :" ,.,." . ,'. ,'. .' _; ,I' '" ' • •• '. ..rI

manageable sc.aleby theprocEjdur,e'described in ApifEmdixIl~
• ,." .~' ',I, . ",~,.:, "(.·.t''-·.,.u "~/'., \l ", .ff',.' - .,_

~,q.. .' .' . ,:0 -. ...,. ';:' ..
Chronostratigraphi,c' tCorr"e1~tiori' ~'

, 50 .T() put, ,Nininaroo 'S'edi~etrt~t~o!iilt a ti~~' c9rite':ict;:,chrOIiost~tigraphic "
. ,.;;, _',. " :". ."," '" .. ~,'''''',·;~o..., .\~: .. "'. ;;> .. ,'~ ,',', .,' •. '. ". •

.. unit"s were sup~rimposed' on s-tratigraphic sections.· The' chronostratfgraphic '
" i::'~, . . .. ~" ",' ,- "':"',:;.,,,:,.-. I~" ", .. ',', '::> ". • "', ' .;,:: "", , , .'

,classificati9n adopt~d isth~tof .Iones·/&,.others (1971 ) '.' basedQn' faunas.of. t.hoe
. . ... " . . . • :> , ',' . . " " "'-.

Ninmaroo Formation in the Burke Riv~r Structural Beit. "The sta~es ·.are

Payri~ori'fan Ciate' Call1b'~ianr, a~d' D/lt'sonian, W/lrendian,and --post'';'Warendian' .

(Ar~igian)' of the Early" Ordovician.-· ?Su'b~stage~ in' theOr~oviCi~n'are numbered
"", ,. . ,
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"sequentiallyfiom1-j in the Dat~on.ian..,i~,4~;~.:;I1·t~eWarendian,· and1'·r~~·the .-
.' .' :> . 'iJi,' i;·. ~ '•.: . ,:~ ...::.,;~/.'.' " " . r: .' ..' .". ~,,~;:'"

~ .( . . . .". ~

Arenigian •. .'.-J' ';". >" ' • ": . . ..
. ~ , , ',. ,:~.:... ,' . I

Sa,mple's, were 'corlect~d f.rOIn -tne>str'atigraph1c: ,sections for' c~mQd'onts"
,: ", . p'. 'I'., . " ',' : ,<"~:~",:"",,,::.:,j:~,....., , ' ." _" .' ,- , ..;0 .:~:-'" ;'. ", •

trilQbi tes, an~ribeirioids. -'l'he' 7Q,nod()q~, sam~l~s. ,~ere pr~cess'E!d~n. t.Qe., ~!ffi'

MobileConodont LaDoratot'y in the fie:id ~.rtdiIi ;the 'BMRACidLaboratofie~,~
. .'..", ",' :.;', .-,: .. .'.4':.;-" ',' ,"", " .' .. ,:.' ". ,."".' . '. ,. -,

,Canberra•., Assemblage determinations',wei"e':lIlade on, conodont, ,faunas', by E.C., Druce.'
"'. '. ". . :;." ',,~. ,'. . ';.,:" ,.,,::~,,:,;::,::,.cI;: ", :':'. I •• I , ; "..... • ~ I .', ~ .

" (personal comm~ic~tj.on, 1974.:.76)", on'-:tr:i.lo~~,ite,. faunas by,' J.H'.: ,Sherg:~i~ '''; .:. ,:
'. . '. " ','.... , " .... " , .,. /' ,"" . ." ,. "

(pers~nal' comm':!n{9a..f,i,on',' "1976)"~ ,and ,liQ;st#,oco~cll' '~S.i.'t>e,;i..t!ioid) faunB:s/bl:'Poj"e,t~' &, "
..,:," . . . .. . ' ~ ..,. . '. . ',,' . ," . ,•..• , , '. . '.. '.... '. ,'i.~' ", .' .:'

others (1977).' The~~J,'~~:-ter1Jliriation~ supplemented'~heearlier~ork:o:t,}6hes:&

. other.s (1971)." ,~::.~;":·:::.~5·.>~,:~.' ',~': ~ :,~:;",t' "'~",:'- " ' ;.,'
Conodon.t assemlJla.ges' pr'ovi~~:th.e\bee.t .' zo~ar'reso~ ution in t~~lower"

" ',' ","/ ',"',; .' ., ..~. '.. .. " . . ;/',.,' .. '. . . . ''';.:' '. " ,
Ordovician. However ,,:local~.ties: with,s,u:fficiently~;:prolific' faunasfor'adequstt?

..t.: • '~t:'·.·~·',::::'''''· .. :..... " .. ',"~, ... :\ ..">.:':";'.:"'. '., .:":,,, .... ,. ,-".- . "'.',(' '.

resolution ~re 'restricted to'"the Burke,Riv:EN' ,strue:tural ,Belt and the Toko .'.

Syncline. .El~e'wher~', ~;n~'tio~s:are. based'On adgi:ttqnal' tril9pl t~" a.ndrib~ir;io:ld .
~ ,'. '. . . ...:.... ' '. "; .' ,'/'I,' <Y:y",' ,. ',.' , ,.'., .... ,i •.•

detern.inations. + But these do I\9t have:. the same ~e'!3olution as conodont . .
. .... : •. '.' "'. ' ,~':' .••. '.:.' .....~ . I' . ~ ,........ I' ft .

asse' e zones and, consequently, the 'regional correlation is ,cnot of 'a'
• • ",' • ". ,.~"'l'.. '.

consistent resolution, 'a~ ",''8 'a~equa~~,for '~he' ~gional.synthesis in ,.
" .' _. . t .

this study~' "':"''-' • >,

1965) •

Regional syri.the~ls . .,;/.""" ;. . .' ":,' .
., " "',., . ~'. ; , '.. . .:";\ ..... : .,. "'. . ' '" . ,', " . ".; ....:.. ,':' ~ .

,Maps of outCtoP;. thic~ess, ,and :;strati~raphic contfl;~ts·wi,t.h the
.:)!"', ...... :':.. .' • ,. '.;' ,.' ".' ,:",:. .' • .~ ;:::. ,.-' ,':. ~',~' ., •

NinlIlaroo Fomation were compiled, from 58stratigraphi'c~,·,~ect-iofls.measured frolIl
'.. . .':-" .~. . . . , . .'.... ..' "\" .. ," , . :;:;·t/;· ., ,

outcrop, 'inclu'ding'17~se,ctiq,nsfro~' the ,~ou~ia' ataa prb1id$,~:~~~(E.C.'Druceand

, J. J •. Draper (, p~ 17.son!3-1 cOmlIlurlicat:Lon~ ~.1:250 OdO.'BMRGeologic "m'aps'/arid .previous '

str~tig;aphic ·~ore'hOles •. Thes.~iriciud'e';S~B.ntre~{Ne, it, '1 (Ph:tliipsP'~t;O-l'euni, ,.;;.
. '. . " '....... ...',," >::. .: . .~\, ...".... l. ''- ... '' " .• "'~ .

1963t~ 'B.oulia 'No:., 8 an.d Duche'ss' N6:~"13 (K.enIl:~rd &·nDap.er,;'"'~?~ ~~~,qoc;kroach
, , .,~ . . .... , '. '. '.. ' ",,:'.,,"" '. " ", . " .. "'- . ',:'",., .

(Smith, 1967 ),E.:thabukarfP ~ 1 (AlI:ian'c·s'OilDevelopment, ~ f91~)'; Mulga No. 1
. ' '.'. . .' ":.' ,--. . -'I.'. '. "', ' ,

(Alliance. Petroleum Australi~~:',1965)".Net~ing Fence No·" t, {PapU:~n Apil1flipi.. ." '", ..' ',', ,:;.). .... . ..' ...:;

Petroleuni' COIIlPany, 1965), and, The 'Brot~:r;:'!3' ,No. 1;, (Fr~nch 'Pe~:roleum COmpan.Y,
". " , !:,~.)" ....'t' ' . ".-'.-. .. " ... " .....;',:,: . " >".:-:, ...:' , .

. f'

In this report '. the regi<?'nal' ,~t'terri of Ninmaz:oo lithofacie~.is based

on a repr~~entat:ive'cross-section ··Of\n:~,~a.j;rstructU~al' and d.eposi tional
_.. ....... • . ". '-0 "':" " . " .. - I'.·· •.. ' ; .• :,' ~ •• ,~', . •• • .,:".... .:.'

re~'~ons. '. Seven stra.t~graphic'sections (App~ndic,es .land I!')., ,som.a of which are
" .r:J .: ,,~ . ;'. ,. . • " " ,:.,. :' .. ' ' .,:w:::.'. .~., .. , '., ..

"', " composite' sections ~ include ,t~osect-ionsfrolIl the' TokoSyncline .in ~ northwes.-t

~\ line, one sect~on.:,fr.om>·i;he n~rth~rIi pa-rt ',of the,: ~ky- ,AriiiCliIle,' ~r;td f()ur -, ....

. sectionso.~n, a nO,rth.:;south'line within the Burke RiV:er~tru~t,U:~~l BtLt. 0#""

. 'The Cambrian-Ordovician boundary·' \fas, :us~d asa Chronostratigraphic
. " . :

',;" datum. -'Smaller sections, of yoUt,l&f:lr sequences were positi40ned' approximately with
;~ ~ , .'"... .~. .

respect to this chronostratigraphic·datum.
p,
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The Georgina :Jiasin" covers approximately
. . '. ,. I"" '.

western Queensland andthe~Northern'Territory~
" ':.... .'. ;.~'

.,.. ' ")
, \

, _ 1\ I"

'Laboratory m~t'hhds'" ,. . • .'1 "
, " \ > ;~~ ," • 'I, . ,','" 'I

:'The' pet'r'ographic,stuciiof' carbo~ates.was based"on280 is ained 'thin

" ~ectio.ns·; "7~'pol~~~ed" thi~<'~e<it~ons" '<10 ,~t~i~e'd ". .':', a~(~.zi~l§ t.&~~;
slabs., ',"", " .,).':~,)

.__.."'.----- ',' .' .... '..... ' . '" :<;., ".L~-,:,' 'i/, '., I J. ,
,Terrigenous .pa~ticle size,~s J;lescribed ~.co,rdlng, the s~a-le of'\' ,

Wentworth' (.1922)..CI~~sifigati.',onbi·seai~enta;;-~ca:rbb~~tetextur~~, '~Ol:i.~}fS 't~a'"
';'.; "':., -. ",,'". i."'" ':"', ',~' ,' ...._.. -_-,' __~,-_.-- _'." ",.' ,,'; ..'\",' /;) " .. ', ".' .',

of Dunham (1962~ and' for.,crJTstal,l.ine, t~)[tuI(esand,·fabJics,.·tne:,:tertA~~OlogY·',?L

Fi::ledman' (1g65)isused~<~-"-·"~;" .;.' ;,'",," "" ,:;"':":""","
. .. •. ' 'r ,.-,",.'",',...., • '\"':,." ~_. ~ ~"',~/~ ,

. Minera'logy ,of the ',cai'p,Onates wa~ ascertained ,by sele'ctive~ stai:p'ing <for'

...2~~OlID atiOn;n"f"r~~~~·"~~~~c.t.to." (F~~~dB)an .,.'195-'1; .80:, 1966)".:~d'doio~ite .
(Frledman,,' 1959) '. , Add 1 tJ.onally, ·sta~netl apeta te peel,swere prepar~'d aftep'the

. :" . . If "".'. '.",' ".' .•~._. " " ,',:\:'.'., .'::,':' • ~',.': ','.,~.,""'" ",' .f'., "._ . ': ",

"techniques of l;lavies&. TilT, (1968) ." •. Wher~'stairring'wE1-snot. ~ffec~iya~.,!gr6wth'" ,,~~'.,,''-:}
• ": """. I', ,.•.••.• > , .' ":',' ::""':~'!':'" :... ," ,,'_,,~ _.-~-':\.'"." '::'~.,~ ;~Q '.,~"·"".i,:..}':·';/'\::'''(':' >,'.)' '. • ,-" " •• ' ,t

zonation in cry~tB:I~'~'an,d rEr~ict'sedli.mentar~.:textur.e~ in: re~rysta+;}.;ieed:, :"
',' '. '/","", f,r • ,.,',,"<.,i," ,~.",,-.. , ".:",'.,. ,'" ," '. ", ,.,'. ,,<:,;.:-~:~_~.:.,:.~,.,.

carbonates, werelfdetermined 'by csithodolum.inesce~6e· .(Sippel,'&(.;l,o:v:er;~1965~;,','
. :,~\.,'''' .... -.,: .... , .. '.~ . "';,1':

M .' '1974)', , , , . .+
. ' •. ,eyers,," , , •. .' ,.'..... '. , ." ' , ,.::' • ;,' :0" ..

. . Non.,.carbon,.ate minerals. were .determined by opt;ical· prope,r:~~es'\and'X..;ray·, . ',.
f " '. , .' .",.. ,,:,. , ,...", .,

diffraction~ The 'presence of traces 'of stilphatEi~;i.n,~_ollle~carbonat:e·.rocks was"' , .. '
, "'. ; ," '." ,", ~'.. ' . .,. ,(" .' - ' '. - --~ ;. ~~.,'.~.':':.;, - ,"' ... : '." ','", ,-:'" - ...'. -:.;. -:~ .... ,. -~ ~'. '.", " . .... .

de termined 'by" X-ray. diffraction'.' of theheayyfraction ·fr.om· ,inso1ubl~residue's .•
" ..... _, ',. ';"",:' .:,~ : ,""" .. '.. ,.';:~ _,.:~'" ','::< "'.",:. ':'1.", ,':.,:,.' ,:.-_~:~,.:, .'" • ,Wo,: :;'.',. '.,;~ ••• , -.\:I-.':'-:::(.~~:",-,"~n/.. '"'\:" j

. Ad~itional .determiIlittions:wereattempted:on a'siJ'laller scal~using'';'a;;JSM IL.',

'-s!ann'~ng. ele~t:ron.micioscope' W:ith 'an, ..ORTEc.,~~er.gY 'diSp,er.,~iv.e,'~:'f:a:V~ri~i~,t,J.6al
, . ' :._ .•._~' '.,'.. • ", ..... . .,' ,.' '" -".,'1., ..:" .... ,. _~. -.,~.•'.~. :.,) " . '

.unit. " L> ,.'. . ;,~ • • .;,;,(,<1"':.'-
For X-~~y,diffr~~tio~, the carbPp.ateswer~gr'o~·d t,o, '~PPtt?:iima tely : 100'

. .' ',"•.:,-: '. - _'," ." 1 ',0'.. '"" ::',. '. '., . ": I ~I.::-~:' , "',' ' .,

mesh with ~ortar 'and pestle anddigested,'dn,'>6pld Q.ill.lte{t: 2QY,hYd.'ro'cbloric,
'-'." '. '..:..-;.':.",,<'.~,'::,_. "'~:".' ~ ".,;,:,".,':"'.;..::;,,};:,.',;';~.L.j~~, ,,'~ .!.,. ,

~ aC,id.·· The'heavy, fraction of tl).e resid~es 'was se:par~~'~,d. ,~n, bi',omofor.m. : A1th,ough ...."!I'.

th~" f;ine p~rtiCle si ze. from, grj,n<;i iIig inhibi:ted brotnofol'lil~eparati',cin~;~,,it 'IlB.s· . " \
, '~.;'.' ,<.~' .'. ,1~ ,.;........ .1,', .,-.: '. ,.'0" ''''",... ~ ...,'.\';",.:.~,','/ ••". ":,<.'.',:,;.,~::::,, ',:':~,., ,,; .. ~

necessary to have ,ad,equate' mineral :puri1;y in, the ·p8l?ti.cles to mak~ .the· 'bi",omofoi:'m" ' .., '. . , ',' ."" ' . '.' :;\ ; .. ':)i' ",: " '.,'
.separation,:effec.tiv~" ..' .Sep~r'atiolt wfts acc.elerat~d'using' allultras~micba,th.

,Heavy fraction ;yieldswere. frequently' le~s·thanO.1·"grarrl.;'· Fo,r'X:"~ay'~amJ>le
, '. '. ~ '. l! : .. ' ' .. ", ", . ,:' .. ,'. . . " ....". ,', '., '.. , "" . ,",. ".',.

,'pr..epara:tionl,a petrographic "glass slide was' smeared. with:a.mixture.,ofpawdered
..,' ,", " ,'.' "<" " '. ':' .10\. ,',,: ,.,": ... """',,:,"~:~':"" .,,'-~.'."~' "' ..• -:--"~, ... ,\~"'-."",'" i.""\",),,,. ..,

heavy 'im'lneralextract and spike (fluor].te), in'a.'Duco'. cement':"ac~;tonemed-ium.and,
\'.\ _ .. ~", ,.... ~'" .. ,.,.'.... ',",' ':, ....... : ,.'":,.~.,.,,_:: •. '.:,-,;.,:,: .. ,',:"",,,"':,\:,(,~,::',;.',",'.) " •. ",' :\ to

allowed to dry,.tO' a smo,oth 'su;rface. ,DetE;!Tminat.ionl? ,.w,~:re .inad~ u~ii1.~,q,u:.Ka:'X- ,

'radiation on a 'General Ele~tr{c'BR" MOd'~i' "Type J:··Diff~~·ct,ome.~er.> "Y~0,:': .'
\ ".'~'. ..i ; '. ',' .'V", .~,~".,'" " ~ ;' . . ',' , 1,'l)''"'" 1:,'1

. ~" J ,,.,." '" >,> . " "."'.,~"';
',. '> ." Ged~?gical setting, ~,.::, '" ,,,-

".'. :,.::' ;;\ " d
,".~; .' ~ .

.. , " ,:,,~\, '.,:, '.;. :'., 1 "~"

325 '000 squar,e kilometres.' in

'-,

.{
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'. ·Sedimentation:was'.init1.ated in the basin in the"'ea4iYMiddl~ Cambri~n
.' '.. . ..:". ,--',.' .' '. .' .. '.'

. a~d continu~('interniitt~n~lythrOug~. the .mid~1~P'~reo~6ic. ' The ,seqUence':, ,> ." .
" con~ists· predoi'1nantly.' of IoIiddle Cambr:tfin',.t~Mi4dl~.brdo"ician ~heir' sedime~ts~ I

" "., ", .," ':~' ','~ ", '., ", . " _' ":..... ,:;::,:" "" ." ", ,'" ' ,i, • \',. ~';.; .>'~:-.": "~'. 1 •. :.••. '. ;!.'
.;carbonates in~the nprth"and e~st ,.andmixed· carbonate lind:'·terrige·nous rocks in'.. ' .. : .:,' ;,. " ...... \' .', . ':,\ ".' . . . ..

the wes t (Figure t)..,"" '.' ':1';; ,
,., '.. "',' i .•' ,

. Basem~nt under:t;he ba§.i'n is aIi;'irreg,tila·r's~rface.~fgrani,ticriage.and .
depressio~ topog'raphy, 's~bdued=by,'up~~r~'~rote~6zoic'toLOwetd~m"~ian'ter~ig~~..

. ,,' . _. ,.'.,.' "".-.. " ' • t-

. ous sequences.· The~~st~rn liniits. ~'f: t.he:-ba·sin are.~b~th',~;6siqnaland 'te~to~iC'
" " '.• '-. .' '..J'" -./ • ~•. -.:' ~ \. ~;,.' .. ~:.:' ,-",.~ . ,., •. ,',":- ,f" • ."i,",., .••.'~' '. .', , ' .•~

contacts with .the Precambrian,.Arunta' Complex•. To' the.' east:· is. t-he·Precambrian

Cloncurry c'ompiex, ~rid ··to~:;~h~noi:th,~"'ihe;Adelaidean'SO~~h.Nicholson ~~i~., .•.

(Smith~, '1972)-. . Mes9zoic "b~~i~s;9v~rlap"ih~Ge~.rgiria. Ba.Si~ :', the,.Car'pentaria .: "

Basin 1,;0 thenort~ea~t and 'th'~( ErOm~ga BasiI(:to't~e southea~t.:· .
. :',",' .. "., " ,: ", . .., " ,;' . .. '. ,",' ',,' . _.,

.:.In the. southeast~rn.~egi:on,··.the,sit~:~f···Ninmarq.~.'sedimentation',: the' .. : .....

. si~nificant structural, ~le~~~~s;.th~t':-inf'l~~~Ce(ld~p~;S;it{oh~d~ubse'~~~~{:' " '.

erosion. have riorth-ri{"~thttlest'trends:(Figu~e ',,~) .: . The '~ea~ te1-.nmost.. elenie~ t 'i~ the

Burke River Structur~l.B~lt,..•~ down";fa,~ltedh16ck"W'i th co~:riningfal1lts tha~ , .

, extend north. int~' tlie ~r,~'cambrian'.Cloncurry·cQmplexas in~jor features. I . To the .'

west lie~abroad.ariiicli.h~fswei~~.·theSmoky.·~t~cli~e,. '~hichis also ~',IP _ :.

southern, ~xt~nsioliofthe Mt~ (Is~,o'r,ogeri~ "The :w~~t~rn side ~f the' swe'rl dips,

. gently below, the'Tbko' s~ci~ne (Figure' 3) ; an.as~et·ric. tQl~'with' a ~teep:'
'. j . ,.' " .", ;;".." ~" .•• ' - "I, . • ' ••.. _.... ':", __ .,." ,',' ._"', . ~ •• ~ ••

... .' .
western limb ~hat,is in part overthrust from the west 'by a· block of· tWe

" . • .' _ .' .~ . \ • ',.' .~ ." " .' •. ". • .'. ,". :'. .~••_', _.:' ,. • , .- , • . l. ',.. '., ...: '

Precambrian: Arunta Complex.. This' syncliIie' $leepens to the ~outh.,plungingbelow.. , . " . . " .,' ' '~' - "

the Mesozo~cEr6.maIlga.Ba~i'~.: ' ~ . '.
'" , '.': ",.' :....:,1 \ '

The Upp~rCanibrian .•- Lowe~' OrclovicianNihniaroo FGrulat ion' dis~onf(jrmably
.' . '.' -: . " . .:' ". . ... , ... ", . .

~
. v~rlies blPa'r.t.' .u.~pet;.cambr,:t.~,~its,···.Whi~h~ge.n.e7EH~yar.. ~.tim~~~a.nsg~e,~"sive

'.e tward's. These 'resulted from normal shallow ·marine.carbonate andterrigenous .,.
", , , ; "" " r ' . -'" '. '." :.' . ' , :' . , .

'. deposl tion.i The Upper Cambrian ArrinthrungaForma ion in' the west is of'
• ~, ' . . , ,'"., ' :.. I • ' ," _' ~

comparable faciesto:'the.·NiIlinaroP FOT.J!lation ':and"iit·s' poss,ibletllat· they are
. ' ' .', ' . .'., ,.' .: . ,', '~-' >':-'. . _.,: . .•.' ,.' '... '; ,\', '. '

bo'llh· of the 'same magnafacies, which has also:'been-ti etransgressive-eas.twar~s.

The NinmarooFormation was' deposi tep.:,during the~ Del~ rian.o~ogeny (WebbY,.',1978)
. . ., rIi . . .' ".,.,.:... '. : -' ,."> '. .'. ': . .

and lies between two uncDnfprmities of' Late'Cambrian lindearly Arenig· ,age.'

These unco'nformities. correlateapproximat'ely'with t~e'.i two;'majo~.p~lse~' o,ft'he

Delamerian·Orogenic act~Vity in·southernAustralia·(Webby: 1978).
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The formation;extends c;ver,',a larg~.·area ,of'the'easte'rnGeo'rg;inaBasin, ..•...

co';erip.g app~O~i~atelY 70 "00'0 s~ar~_ 'kilomet~es Ofw.e~t.e~ilQu'~enslan{and,th~ ,

Northern ,Ter.r.it'or~ . (:FigS~' 't~' 3), andis:p'x-e'sent o~ 'eig~t, 1:,250QOOSheet areas;
",/, , ,,l .. ;. " ' ": .•.• • ' , • .:: '. ' ': ""~' .':""," ' • • ".,: ., ... ', ,;' -..

, Bou1ia', ,Duche!=,s ,Glenormiston', Mount,Whe~an!! Urandangi i.n Qu,eensland; Hay ~ ".

River ,T~b~rmOry8.~d:s~ridO'ler.Jiiver: ip.~he)(o~thern '~Territo~y (~it~ , 197Zh .'
) Go ... • .' ~ '. '., '1:' . ' ','. . :. ' .' '~..." ~ ",• '.'~ . ,"' ...:,1 , ",'. .: ;. .: •

. C'. ~he "'most comple~e 'sections :tn '.sui"face·~expo~ux:es 'occu:r in" the,l.3urke " .

Ri~er S~r~C?tu.ral:Belt"~here '16calitie'~, incl~dirtg't'he type's'e~tion~t M~unt
i '//'. ',' '. • ..~ '., " ' ' , '..",= ~l:" ••••• • .- ~.-'~"--.~---i.. ....".

unbU~~~.(F.dog•. ,3.,,'6a);, ,haye.,.,,>uP .t~ 95~· mo~co,n..ti~,u~~ ..~.ecti~l}'·'on.. thr..'western .
sIde ·cf('fault~d d:.ome.s. ' The westerqma"rgin <pi., tn,is structural belt ,:i,.s·4own-, ,

, .•' '. l<'" .',. I . , " • . . ..• ,. .' .'. ':" • '. •... ' . ' .' .. '" "" .,'

faul ted.against. a parallel block wbich'sepa~ate~'it f.r()m.aflat~lying'region <;>f'
· SI' .' '•. :: ' .. >' ,~. .-' ", " ". . ... . ..' ,.:,,' . ",~/ " .....:;/..'.. ." ~.. ''':',... ',\.', ".., .,',' ij

dissected d91,ostoneer furtheJ;: west .in th,~ Smo'kY".Miticline region. '~rom her,e, the' "" ..

sequen~~ ·d.~ps"gentlY so~thwe~tinto th~' Tok~ ,S~cline. "Dolbst6ne~'a~d terrigen- .
. . . .".........' ...• ." ., ,::' ," '.. y'< " '. /., '1 •.

ous~peks "are d'ominant an the eas~ern.side cif this' ;ructur~; ,while,. oritlle ,:., ,"
, '" .. 7 . , ,:. '_. :0:.' .- . ..,' , , ....; '. '. '." .'. ... ,~ '. ~ .

··western' margin ,', thicker sequences !of ·bitumino~B,limestones, dolostone's and· ... ·.. ~.,
• •• • . • ' , , • '7 ~ , , ..." " '. '.-" ,.' • ... ':I '. . .' .,./~. .~

t'errigEmous rocksaFe preserit~ 'The "8\:1bBurf'El~~ e'~terit'of . the" Ninma;oo ,FQ'~~tiori:
,:, ".,. . . ..... ,".,;,

remains speculative "because.' of' the sparse drilling and seism~c coyerage
• , , ;>, • ' ...- • , ':,' " .', ,~~ ,:,' , •

" compared to' the abundance 'of, basement fJtfucturat.· feat.u.res·i(Fig. 2): that ,h~ve
. ". t!:I.. ':-~ .•,," • "" ~ ...~,' '··-""~I·.:' •• ~'''~'.' •. .' ,

been del~neated by geological mapping, LAND.SAT imagery', and total magnettc
• ' , ' ......- '. ' .' "', •." •• ) .• ., . ,,~'" • " • • , ",' '. . •• . f ""~ ':'';. •

i;fttensity p~ttern7S,. ,T~e 'east'erly,: extent "ofthef~rmationbeyond'th~ BurkeRi'ler
•. ,,' ;. . . .' • . , , ',/. ': ," '. ", ., .: ,,:...... ',",,: -. ,'" '~'.~'.-' .' 0" .' ,'- ' .,:.. ,

Structural Beltis the leas.t kno~,as.thePalaeozo¥,cseq,ue:n:ce pl·un.gesbe'low"the J

onllipping' Mesb'zoic rocks ~f theErom~nga,BasiIi." ':~ , ...' " .
, ~.. ,

'..1' ~

The NinmaI'ooFormatio'n (Whitehouse,. .1936 ~aIi,lended .bi .Ca.s·ey; "1959),

o 'cbrisI~t's> of ;"e])~bedded.bit~inOUSlimgstone·,.'l~me;stone·, Ba~~y."iiU1~~'t~ri~,'·
" , ' • . ';, ) , ~ . ..:. ,.' ':.' '," .' ,'. • " • , .:' ~. • • ,- • ": •• ;J > .; !" . , . • . :' .': ~'l ,. . '

dolo~tone r 'calcareo~s' san4s:tone'Bi.]:ts~one ,~d, sh~~e. 'The'dominan~ ca,r'bonate

.rock types are peloid' /ang. O~i.d·grain,stone, ;cry'pta~l!al, l>O~~~stone,and' lam:Lnites ,',

o \. f{at-pebbl~COnglOmerat~~.~chin6d~~,:"~rS:i.n~toIl~:~,pe+oid·and' ske'l~t~r~ack8;~~e,':: o .

. owa'ckestl,ne y ' aD:~.iime mUd~:tone. ;T~eseCa;~oI;late' types ~'re '~a-rigb~~ a·n.drep~a'ted-·
· ","~.. ' . ";.. ' ~"",., ..,: ... ·.... T~· .. ,,;,.'" ,.',,'. , ..? .•.., ...•

,ly,interbedde~ 'throughout, th,esequence fi ','
....:1. :".' ).,'.' ~ ',.:-,.•,..

• 6 , 'l ',:

f ~ "

"
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. . . Th'iclmess . or" the ..,"formh-tion ranges' froui40:·toUoO?m. . The two. belts o'f·.
""" < ,,""< ; .". ;,;:, '; ,"~' "J~." "".-, ",", '.'.3,:., ,':»,"'" ,"'.:', ",}: ,.. ',.'" .,.; ...""':.' :,::.""::,,,,'" ·S, . .. "",:~ ",,~,,:,;.:.~" ..,;",.'. '. ,'.'

maximum preserved sequence (Fig'. 3).aJ;~·,the~urke:RiverStructura:lBelt:'andthe .

Toko syncl~ne.·. Bet~ee~ tllese';egiOns'the's~ct~OI{:i~ ,;ihinner, ··pa~tly;'·hkcause of·'

'e~osion~ ,It'is unlike1y"that~the';t~icime~riofthe;~eqllence':i:nthe ,'central

. / region eVel:" equalled th~t~o. the.eas;~ ~'nd:w,e~'i-~' . .
r '.' '.:,. . /f..

" . ,Stratfgra.phicRe1ations
, ", ,.~. . ~..

•': .? '

. The N.':l.Ilmaroo· Formation is ."conformable .over Middle .. and Upper, ·Camb~:La·n

.. uni ts :iri'the western a~dea~t~.·rn r~gionB:(~:Lgs.,:4,·5)~ . In' the ce~t~alSuiOkY
" , . ' "." ... ", " ,',,"'._". ', .•...,:... 'I,.' •• ',:'...... .'.:": ,:' ..",:.~' ",:,," ,' .•.• ,:, •. \.~', .. " .. ' ....

AIltic1ine .region~it is unco,nformableover the' Middle andVppe.r' .Cambrian units
, . c'. ""..;;:. . i :"'. '. ....' : ai .••. .' ..,.:.'.'"
. (Reyno1ds &··Pritchard,1g64rReynQlds,1965; .. and,Opik;· 19Q3,'1967), but is
, .' - .. ' '.:: './ ..:'," •.. ' .. ' '0, .',. ...., ' '."
, appar,ent1y c9nformab~irt'th(tTokoSYIlclirieand:the.north,wes~,where it .

·i~~erfingerS':·~ith ..·the··terri~e~~s.·Tom~haWk:,B~d~·,to .. ·the:west·~. '•.. ~ll'.·the .~orth of'·

t~e 'B~rk~ River Str~ct'u~~i:'Be1t', ~he'£o~~ti()nlieS'd~scOIif~rmabl'y'<,overa',·
> .' , • ... ~ .'. ,'.':. -'. '~1' " ,.' ',: :. .' ,.'. .',.,::.: ,: ,:,' ,•... ,'(,. ",' ':"",':""~;:"-"'." '. ," . :" .• ~:." ''', ,,' .' . ~

karstified' Chatsworth Limestone, but· farther 'south ·this,·contact.is 'diachronous

"a~d 'cP~f~rIllab1e'.· •.,'A Sig~if~carit'disconfo~itidetirt~s' the·up~er' ..·bdi;mdaryof the
. .' .._'. , " ",:, "", ." " . _i .•.,~· •... ' '. '. '. ' . '.:'. '. . '-." •

Ninnia~oo'~orination. (Fig~ 04) .;' .In .the:j~:Ui-keR:i.ver:'Stru~tur~l':Beit::th~~verlying
,.' c,.; ".- ,"~.',: ";,'~"'" .~,';" "".'.'.;,~... ' .. ',:~' •..•.. ':

Swift Formation is, in part·, a rego.1ithof.accumuiatedchertandsiliciclast·ic .
" '. J , • ,," • " • • ' ' . ,:,'.' • , ~:" .,', ',: • '. • .', '. .' ~,,' ,'. .',' ~;".' : ' ','

'. detritus (Fig. 6b) 1'romsubaarial' weathering and 'karst developmen.t:on the'

Nitunaroo FOrIp.~tion.' . Farthe'f':,west ,th~terrigeri.otisrockS,of ·th~ K~lly Creek

.. ' .(Fig. 7).

Forrriation overlie a. kar~tifiedarid. do10m1.t:1.sed Nintnaroo surfac~~ithapparent

. d isconformity ~ Where ,the . Kel1i Creek: Formati~nh,a~:':~~en':sUbSeq~eritlY·~r.oded, .
, ' ~, " .' . • • , ' . ' ',' '.<{.J" .' . . ....J!'\~'" , " ., .' . -:-; ,'. " . .

Cretaceous, Tertiary~ and Quaternary units ·ov~'t'lie·;ithe,'·i'ormatioIi.linconformably
. '.., , " . '. .'.,' '~':".' ' , ~~ . "',' ;~·I. '. .' .,'. ."

:•.~. '.J: ; . ~ .~. ",.
.~. o' • : " ••<

0·.

. .
.'.

; ...."

. :.!"

•. '0 ••
" ' .. >'~', . 'l:)'t .' ..'~ ~

The Ninmaroo ·Formation.ranges in' age' fro.m'·Payntonian (.late~''1'reinpea~-

eauan) topost-Warendian (early Can~dia~) .(Jori~s\&' oth;J;s, i 971;·s.n:~r~01d ..&:.

others. 1976). ~e.giOnal "'o.;i.a.ti.ona. in ligeof"th~~~~~~ilce ..res,,":art.ed in

Figure·16.. V.
",
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.. :'



,.

-12-'
",' '.

"

, .

'.
"": .'

. '.. ~-\

, , ~-f "

,I;
,"..

..' ;',\.

, .. ~

",":

'-,. ,

',. " " j

. '. ' . .

keUY Creek, Formation. " ,.

Digb'y Peak's Bree-cia
. ", " ~ ":,..,. " " ,:", ,: ;. : " '-."::-
SWift, 'Fqrmation '

AU$tral DOwns Lirneston,e,'
: No'ranside 'Lim'e'st~~'e<

--",.", .- ,....

1: t'
". 0,

, ~ower,.<\-
:','"

LO,wer

,.; .
. _...

"

ORDOVICIA,N ,

I TERTIARY

.. '.;.:':,:
" "~ """'~_oI.-_...---.~ ---'

I'

'1 '

. :". "

,€AMBRIAN

-(;-ower 0
ter ",'.

Upp&r,e

Upp'er
to

Middle-

k

eOt

, ~e.uc
eup

, '·€uo"
: €ug
, eum

"

. ,
Chatsworth,Limestone
Pomegranit~','Limestone;' ',,, ('~ '.

,'~Arl-i~thrUnga> F~'rm'ati~' ,
'1 Georgina Limesto~~>' " ,.

.'Mun.oer,ebar,L,imestone ','

, ~, (After Smith,' 1972. Druce.' ,Radke, ,Draper ,and TU.~lter,,1976 iqn~:
She'rgold, Druce, Radke an'd Draper,' i9i6)' .\ " , "

. ',', ., ' t."

Report No. 181,

Figure 4
. \ :~. ,',:- \ "!

Strotigrophic ~~I,<;Jtio.nshipsof the NinmorooFo-rmotion

1:
." .\ 1'6./F54/4. ~. .

\
\

,.':, .

, , '

~

. .'\



:'-13.-,.; .

."t·

"

, .' .!

'lJ,"

'. t- ',,,,
. ~,;:.:'

'.

.' .. .

I
1
i
I

"

I

I
I ..

, ..,:'

Chotl.orth lImestone

:€UO

:€UC'

161,F54/5·

:€mc . Comcio.eol DolomIte

:€mu . Mu"o..ebor.' Lime't.o~e

. :€UQ Georo,no LImestone

. :€uh.. :)' Horo Shol.

:€um loIeeto aeds

:€up' Pomeoronot'e ,Limestone

Formation, a"dthe

Prtl"nt tlxttlnt of'"
Pt/'otlOro;i: _units',

. :. , , E'ittlnf of NI':'mor~o
........ Formation'

0; CO~fOrm~bltl contoct,'

~. unco;'~obltl contact

"

Map of the ~o.ai contact of 7the' Nlnmaroo
u~d.rlyl,,~ ~ittiottratioraphiC' units

. ~'

. '

,SA ~':-"'_'_">. N.S.W.· ,

Floure, 5'

Ntj .•........ ..,

. '

c ,

( ", .

,- .
i-

"

•. J
1";



.I
:1

'I

. '

......

. ·,f:,.. ,.

"."

"i, .

(/' ''ff~(..,
•••• " .ft:-;..... ' ,:' '""

.-

r

.... :e,

..

~ i
eltt."t " 0'. .Niilmttr,OfT" Formation..;.....
, . "

~. QUATERNARY

L1:J'"TERTIARY

~ ME~OZOIC

. ORDOVlelAN .
~ Swift· Forri..iticin
~ (r'90Iith In porU'

~ .. KeUyCreek :FOrmotion6 (dlaconformobl, In port)

", f;',

'",.'

;',

," ;1 <.,
< "'. fer-; OUCh.... ·n,. I
·1 - \. t

1"( I, ,
~s. '-,'. ',-' • ·.Dojo'ra \' 0\

" I() J~":' . "i.' ~) ....'\,..... ~,. ' •... \
\ ...., . ( ': '~: '. " .......,...--.... \ /. '.

~.

50

:,'

'.

100 k.m......._-..,.....-.---~

, ._.-

I
I

.1·

. ".-

,of·' P~/f!~OIDit: units ".

Mop ,of the 'lithosfrolll,lraphlc unit. i!1iconformobly .overlylnl,l t~e
Nlnmaroo .Formation. . ...:.. :.. . 1 . •

.~"

Fil,lure 7

~~
'~"'/

~~l.~·~-J------.l----:---c---L.:...:.-:~__===_--"-~.,,_+__~-----J
Repo;t No. 11.

"

!

... \
...
t·

i
\.

.~

·1

I
I

"./,1
.1

:'. "! ((/
!
i·
t

i,
I'r
!
'I ..;.,.,

136°30' 1)70

( 2'·
i
I

\
i

~,
l

'1

22a~
;
J

")

",

,~. ;~l ! .

.'



'...
-15- ,

'LITHOSTRATIGRAPHY
.... -.,.:.

, -"'

"

. ~ {, ..
<.; ,;' 0

• ,; ,I

: ',' ~.

Formation sUbdi~isioris

1 .' ..

In this 'report, the' litho,facies:'a~e described"and"cortelat'~d.throughout
.:, ..,'" -.", -~ I' '" .';.',. " ";' ',' 7'; ,'i, _ • ;~> I;' _ .•:.. . '. '. .

the extent of the formation. Sixlithofacies·;are recognised, 'fiv~ being' . ,.'
. .._" ":~',: "",. ~ .- -: . .- .' - '. ~/., __ " -' ",: :'. < '-::~~-:-',," -.. ';" -". .': ''':'( . '

comparable ,to the informaL meXIlbers ..ofearlieI\. stX7atigraphicwork in t}le Burke

River Struc,turalBelt .. 'Ther~mainiIi~Crystallin~:doloston:e lithof~cie~ is', of
',' - ,.' ". . ""~' , ';':"'>"', ," '. .' ",,' " - .,~::-.. \i--_'.~ ':>.'-j--,~ -', :,

diagenetic origin andnotexclusivel1y.stratigJ;aphicallycontro'lled~':'

•• 0 In the ~~rke RiVe~,$~ructur~l"~lt,:her.e w~r~ ,se;~ra:f\ Pl",~Yd.b~' ,schemes

for the subdiVision oftlleformatI:oIl :.-in~omembers. These, wer~. propos,edby Brown
._'-:_., .••••.•••• ; •••• :-;•• _ •••••_:._.;_ ••••••,....~ ..•••.•_.•..••:.:.,~:.",;.:'_: •.••".•._'::.,.. "", '" " "':.;", ':," . 1•• '. ", • "', ,. .:.,'~:, , ./~: .,:.,~:., ',..

(1961), Casey, (1968),'Jon>~ & others ,(1971),',Shergold &'oth~rs (1976-)" aIldBMR,
. "" , :'. . ' " 4. ' ~.', ~ , ','" ,. ':" , ',', ,,'" ," "': "

(1976). The prci~entiy used'> nomsnp'lature' fs def~ned'in'Apperidi~IV(,,;;C6rrelatioD: "

between these ptevio~s'schemes an~' the;iitho(a~ieB:,s~bdiii~iq~"iS~~~wrtin: Table
',' "'>" ' .\ ....

u

dolareni te, doldmitic sandstone and?saild:v: 'dO.l?~~()ne;
'stromatolitic micrite with Qolite, grainstone" ,and' b;eccia beds';'

:dol~reni tel- a~d' do1omit{cquartil sandstone;;,' c' .• >.
.mottled and' ~an:d:'f .IIlicrite;" gr~inst~ne,''':ca~6a~~~us:·sandstone, stromatoli'iiC

beds •.
..

'p .• ,
, I .

. .Beds to the west.

~ , :,~ 3, .
, .... , " ./; '. ;'. " ' ,~ '.'.) '. '''~.:, '. . ., ..:,:',. ."~""

Each of these members was documented from Sep~rate·localities. The area, ha~'
• • ,",,'" --', ,!,', ' " ,/'., \, " .,,"; :'.,' .• , '. •

,underlyingbasementnighs (Wells & oth.ers,l~,66) thatwere'emergent 19~f'oreand.

after>'Ninmarob de;osition.. Th'e' terrig(mOus~ocks pro-bably rJtiect only local;
. " .' '.. .' ...., '.: :10 :. ':' , '. ...•

influences,of .'lplift andlero~~onof b~sf'lJ!lent~'On the western side of the, Toko

it sY~Crine ; the'. sequencehSs a g~~a t.eJ:carbonat,e 'cpm~ne~~ ,with 1ithofacies

1r,comparab-le 'to those, in the Bur~~"~"'iver struc~~ral Beit. 'T~t'becnorthwest; the

Ninn'laroo Fo~a:tion has pr~gre~siv~ , more int~rbedded ter'rigenous' rockB,'an!lan

arbitrary bou.ndary_(Smith, 1972) B parates the contiguous terrig.enous'To~ahawk

....
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~ .: SUbdivisionsl,<()f theN1nmaroo' Forni~iioh,
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Members' ' Lithofacies

/

,"". "

~rown '( 1961 );
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, -:\Lith~facie,s' concept·: . : ".: ...
.. . .': '. . :-:~r' . '. \ .: ...

:. . ~',

'.' (,.:'.",' ," , ._.:~.,.~,: ,:'" , . ." .......• ~.' .•. _, .'" .~ .. _ ./i";.

. .... Six. litho~acie~.are....r.ecpgni,sed ..~~~ ... t~e··N:i,n~ar:oc(.F.oiin~.t~·O~;;.fi~.e ...·

. carbonate 'and (ine t~rrig~nous CFig~re"8) •. One. ca;bontit'~·J.;ith({r~6ies.. Coin,pris~~g
~."-' " .'-•.._. . .'. .'.' .. ','.'. :-Y~'.".~":" '~.~ .. " ".' , '. ", .", ' ..... ,'•..!f~~: ,_.' '~::,'_" ~ .:.,.<I"'_~, "',

crysta1:1ine dolostones,'is ·of. diagEmeticorigin ,and~.onsequ~iltl:Y is:~ot a1ways
. ~ . .: . . , .."., "';', .' ; "~ ,'. "":':.::"-- . '. ,;.'...., \;>!", .... .. l' .

stratigrap,n1callyconti"qlled. ThiB;lithofaci'~s'ho~sists. Qnly ofd61ostones '.
'. .~. \.' : . '. . ..' . .....:.....'. . . ,,/< .•. ..:>, .. " ' " . ',."

which h,ave had primary. sedimentary textures obliterated•. Dolo~tones.w~t~' ,'.

sedimentary t,extures pre13ervedai.e cla~s.i.f{e'd:,:j..nt6:::.ih~ oth'~~ five J;~'th~facie~·.
, .:\ .' ",:, , .'-+- ': .... ",'. " . <,'.':.'>."': '::"" .":' . '::",:/:'(:";" . '., ... . - .' • ~;" . " ,." '.' ',', •
, l'h~ ,formation' conf;lists. of ia sequertce' ofriionotonously repetetive1;'ock .

'. -::.' ::' , ,~ .."~'. ',' -' """,. :.,~'-' ... :...-:.,:~.: ..:/{~ •. '. "'':- . _. ·'.1l . _ '_,-" '~.'" •

ty:pes."bU)I 'o~; a~ar.g'er.:scl,n~.,.. iithic .~{ss?~cia,tions·aII,d geher~,+,is.~d·~:t~e~d's.a~~:

ev idElIit,. . " , ;'., .,.0>.. .-' : . , , ......... .' .

Eac?h I i t~cifac'fe s:"~~mpri:a:~:s' .sev.eral· r6ck ';i;p~s',:. 'bllt .i~<' 6;har~cf~~~sed 'by

olle.•. ,The repeated 'ass;~diati6ris':bi~p~k"typ~S.~re..:iden.t~f~:eii'ascb~po~~~t~ ·Q·f·'. '.
~ , , ~ " . j '. ' ... " ' " . '.. - I • ,. ') "t•• ,. . . 'ti,". . .\ '. . ....:

sedimen'tary cycles. ,A singl,e li'thofacies 'm~iy 'conta:i:n 'up 'tp :-~hree·.,typ"es·pf . . 't"

. :edimentar~ cyles (Fiigur'~ 9).~':' ,~.'\':. :" .. ",' ' ,".,,, :,:',.,. . ' . .... ;11'.

I, . ,! ,.)•

.. I· .', Rock' Ttpe'~"" !' .f;'.· .'
..

, .~- ,. .-
,,",

. ,This. seq-tion de~i:'ibes,;~~' .oJ:der. of'inc~easing c~~ple·tit~,' rock .types,

sedimentary yycres'- and lithofac'i~s~: 'Ro'ck tY;~13 !which may be~~o~~n 't~ se~e~al'"
< li thofapies ~.~.ill··be d~scrib'~~':iridividUaliy.~~(Li~le~,;~l.~t.ed ip 't)ie, (lE~sc.ript~on

of' sedimentary-' cycles,.' TPel~r~~~ sh'sle'J)atterns~6f,lithic :as,soc1ation~ 'will be

discu~sedinthedescriptio~(Of iitho~aCies'~·.,·,.':;:~·~·:.·. . " . .

T~'e spatial dfs't'ribu'tiOIibr th~',.iit~qfa6i~:s'.is"showrt',in:FigUre 8., Ip.

. the :Burke' River St;r;uctu~ai Belt',' it:·~sc.'~mp~~.a'ble ~i~n the di.·l3t~ibtit1on of the

mapp'ed info'~ai-,lithostrati~~~phiC mem't?:ers~tI3MR,~':1976). ",' , ..
. " .' . '., " . '.

,.: '..
Cryptalgal .carbon~t~)' . ~ " . ,

',. ,',,' ," .:, . '. '. • " ."\. '. . ,'. ,_ .:'f ,

. Structure.s> resulting'" from s.e.diment"",binciing or,carbonate-precip.i!,tating

activities of;blue-g·r:~eri.'alg~e·h~ve b:een tem'~,'c~ypt~lgal( Aitk~n" '1:967'j " and

. m~y be eitherla~i~ated typesterDiedstromatolites' '(K~l~o~skY, 1908) or 'non-... .' .. ;' ' .. ~ .

lamina ted types t'ermed thr?mboli tes (Ai tken ~ 1961).... " ..'

Body geomet.r~/ is used' to 'diff~rentiatecryPtalgalbodies ;;,;,·~o

categori~s '8.re used,'th~:'bioherm and 'biostrome as'de.fi?e4·,t,by" Cummings (1932),

and distingUished. by an upper .limit ·'of the b~eadtn t'~heigh~ ratioo::i;3Q: 1.:'for .
.., \' ': • e... _,. . . , • '. ,. '. . ,,' .'

the bioherm (Nelson.& others,'1962) •. Grqwthstructuresare"ci~ssifiedon..

morphology to include both stromatolite arid thtombolite,. regardless of .~he

,degree of preservation of internal faOric. Dri~ing formation, ':b'o'th' types:. maY'.'

---_ ..

' ..
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have' been iiuninated ,but.' such: featJ:lresmay have been modified or obliterated'1)Y

organic~r' dj:agen~~i~' proces'ses. . G~owth:: forins compri'~e-'~6und struc'tures,'

oncolite~, and' Pla~ar layers •. ' MO~Iid ty~es 'f~rm "biO~~:~o~e~whete -they ,are' .

ClOS~~Y '~rouped and'extens~y~ la~er~l.iy. ·Mor.e· C()minanly'~h~y~C9p'r Js' ~i~he~s\
,comprisirig 'smaller ,groups' 6r :i.ndivid:ti~+·mo'~nds.. ; ~ "";';

'Fene'~tra~':(T'~bbut~ &' others', 1"965 ) are' formed "b:1 the in~~~~ction'of
algal, mats, ·~he.· sediment ,and di~g~'n~'t,ic·1>roce'~s~s:·.·:~ucha~des~:c'ca~ion,:,i .:

oxidation .J,ithifioati.?;n (Log;;' &_oth~';~,-1-974i";;(ttb~~;,~~;o"t~/f
'. evaporite' mineral,s,.The descripttv~ Cl~~if~c.at.ipn~~~d,:.?~?-~,::~e~estral.:.f~1:>rics

is that of Logan ,(1914'). 'This d-is,ti.ngui.shes.,thrl:le: f~~rio 'pa~terJls: ):~inoi4 '"

(Tebb·utta·otbers ~'1965),' i·rrElgular;~azid. tubular, eti~l·.~f.>~hich·,:are fu~t-her ~
. '. . . " . . ',' f,.' '. . .,.. ..... '. ',' .' .' ." . \ " '

· subdivided on average. void size' (Ta1)fe II).·....r:'·

. . .,' Crypt.al~ar\o'dies 'ar~~n ih:"'the iunmaroo· Forniation , ::~~pecia]JY in
, . .:. ".".' .' , .'. . "i . ,I, "'\. .,:" ......-.- , .' "

the' Smoky .An.tiQ+iIle regiox;t",;:Where they; a:re· t.he mos'tconspic.uous:if nl)t,~om:i.nant .
rock t7Pe,; ':'\"., ',,' .' ;'\,. "1:' ' .. '" ,'. ' ~.~ .', ;', .• ' .

",

> 0"".

.. "

, .

".
'. w·

,.', '(

Mounds ..'

,~". '.' ...~~.

. ;.i~~:~·
~.. ,

Mound' .structu+es aEV~~er~in,~:al\d- are"i1:itingUiBhed by i'surf~oe
r:" ,.,.', .""",,-,':'_~~',- ",'",''..". ,',' .. ', '.' .':."",~.,:', ... ,'" .

· :r:-elief and morphology~ __,Thes~arecolUinnar~ clqsc-crinkred, open-cr:inkled, .or,

smooth mou~ds~:".,st;a~iform lay~rs have either;~~ooth or6rinlded "~urfac~s~' b.tit
· Wili' be. discus';ed colie,ct1yely.as, :larnini'te~":',. . "....' ..,.

, ~,,' , ' . '. '. .. i ,'. " .'.\.: /' ,
Colu.mnar· mounds:' .',Columnarmolind. bioherms are. discrete. 'C!om$d bodies'up

to 2 metre's high, with:l.n·th·ick· beds 'cif 'cross-strat~fied peloid-i~t~a61ast, or'
. , ' '; " , ,." '" , ' .~, ,~. ":.' " "', , ~. . , ,". ", ' " ':"~~ '.' :.' ..... ~"'. ; ",. '

··ooid",gr~instones.· The. mounds are" circular' to oblong in plan~ 2.,.3 m wide, 4-6 m

long, ~nd'have'a~~appa~~nt_.,~e~';'2~~.. Tl1~yoccur":ISinglj-::pr-.'in.6lQSe1Y- .. "

..sp~;~ed ci~cular grou~~ .~;- to.' 1fIn ~cr~ss.·' Eac~ mound.,compr.i~es;agroup'of.
", >. ~. ' , -, ,. • .: - " , • ,~,' , ,"~. ~ : ';"',", • •

.p "smooth~circular:,columns,O.4-0 .. Sm diameter,' tip ;.to.:2· m high,anQ,~wheilclosely"

:.packed, the~oLumns,are ptilyg.O~li~o~t{l~e,,(Fi.g,ire(6).~Some qolUmns ape ','.

'. slightly' ,ar~·~a.teins~ction., ~~rViJl~~iIito-tli:e"centreof·the.bioherm;ti.t th~ top.
, '. ' '0 ',' . , '.

Undercut re-::-ent;ant ~avi'1;;iesmay be present on' one' ~ide.:of the'b~~es"6f some
~ ., '1':-:, -:-\.. :""\.

,columns (Fig~ 6d)';~' . . .'

'Inter~a]~ly, the.col·uDmsare z'on~d, .having a peri~het"~l rim. Qf
hom~geneous':tQ" mottled' light greYmicri,.ter~hich·g~~des·:ih,toa·cen~rai core' of:

, , ,.. . " " ' "':"~ '.

fenestrate oolindstc>ne withinudstone and .wackestone tex.ture', crudely laYered

wi'th' irreguiar, :pseud'ocolumnar, gently conv.ex 'lami~ae ·(Figure 6e)~.' ···.F-ine to

medium l'aminoid ··fenestrae enhance lamination, and medium to coarse,.irregular
. . -.... -

f~nes'trae,sh0T,t10utli~esOfgyPSup1 crystal clusters. Intact 'ri:t>eirioids,

" straight nautiloids, and fragments 'of trilobitea are incorporated .in' this

bounds tone.
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'A cryptrilg~i,bounds'tone :'£,'i1ls tlte interc()1umnaf. spa.cesin'·'SOm9 'mo~nds _,'

and ~n~~ustsascalloped tocuspa,teerob~l'sur~ac~ori'. the micrH;e ,rims :Of th~ .
... le.. " . . , • .'." !', ,: ~\ .:.,' ", . " • . " ':." ,

, columns ~ This-boundet6ne· is da:rk~rJ·~.bit~inoils•. andmottled":withpe161d-_

..' int;acla:st grainston~, paiCkJ=Jtone, 'a~d' ~~.~kest6~e fabric's';.whiCh·co~ tain ,a: sparae'~~~', , .. , . .:: ... ', ..:.-:.' '. . .,. .." ,,' . . ,.,.. , . .
,but distinctive, fauriaofnautiloids, tr~lobites, ribeirio:i,ds;, andbrac'hiopods.,

, Wherez6nation 1sabsent inth~'collmIls<'the,fa:b~ic' is mott_fed and' thrombolit-

,-ic;- erthanced. by: selective' dolomitisation of ,themott.lirig. "

The b.ioherti~': overii~ an i~d~rat~d~~v~men~.P,t C'rb'S~-Bt~atified'''pelOid~
intraclast gra:i~stone~ ',' Simil~rcross-stratifi'ed' cioar~e,'grainsto~ebed's abu~ 'and

.~;::: ::irC.'ltohsee_.~c::~n:·'kd.sl'e·d-m~oeun~ed··~s••• e.dB'···"l·ao.,.rsee·._~cOr~ne"krBl.e~edlYm.' .0buniOd.,.t

s

,ur~Bf~, Bndd~i()miti~ed
.L... lS:; '"],,, are subsphericaltq'-4omed.

bioherms, ,0.1-1 ID high,. and from 0.4 m<wide and 0~8, ~',);o~g '~p to 2 ,metres'

diameter•. The : sub.sPherlcal"forms" whi.ch, are' commonly' ~b~c>ng,:ar~ most'- proDa~it.

oriented p~rpendicular'to local strandlines. The mounder:'bav.~an apparent reiief.' . . .' .,' -.',' ", '. , . ,. ,

of 0.04-1 ~, but most c'onml()nly' about 0.5, m.. . ' '. '

''l'he 1)iohermshave a.' crenulate surface (Fig. 10a) 'like the Cryptozoon '~..

fom of Logan (1961 ), with:in·ternalclosely-packedbr~nchedandunbran:ched'

cO-lumns that' have .lo~,:td highly convex lamination. Tpis laminationisd~fined

by distinct Goloural1;erl\atfons. Fine'lam1noid fenestrae areuncoxrmion~',Iri.the'

sUb~phericalf~rms,comp~rientc6lumnShaV~a radi.alpattern. 'Inthe:central

zone, columns"a,re erect vith s~e1;rical lamination•. Peripherally,., c'olum.n~ are

inclined wi,th as.Ymmetrical iaminatio~'~ .which indicates ,geotropism:,or .
phototropism (Fig.10b) •. ;,. " ([) , '; , ," .

/

Gerie~ally, evidence.ofbioturbation ari,d9ta faiIDEi is absent , except, 'in
. .' .' '. ....,', . ~ : ;:

the or1~nted 'mounds, where ,~traight nautiloids'and disarticulated ,plate'so!

chitons may ,be present.

i,'Substrates· areindu~ateclarid,~roded. surfaces' on. imbricate flat;'pepble
~' .'.< " .. . I\.. .":. \ ". , ' , '. .... •.•. ;

conglomerate,o' ooidpeloid grainstoile;. or cryptalgalaminites. '. Adjacent
, ',' . :"' ,.:,\;,,' ,.. ' ,'.".:. : . ".'" '."'.,,.:' ....;..<t>··. '. :- . ,,'to,' ',' ".

lithologiesare. dominantly .cross-stratifie~o.oid,. peloid, 'or intraclast grain':"<
• • I ':,' l.," •

stone , imbricate conglomerate ~ pelotd wac:kes,tone or Diudstone.'· LayerfJof

solution-collapse b~eccia withdisti'nct but irregUla~,' :io~er contacts' c~~only
oc~~r along the tops ofthe::bioh:~~swhere;mu.cistonesareqverlying~ , Evapo'ri te

~ " . . '.", . . , ~'.

nodules, sulphate crys,tal moulds, and .erosio"nal unconformitie's With ctl:spate or '., , ' '-..1 - '
-irregular surfaces. (Fig•. 11 d) are" common .:~thin ,the b"toherms.

Open-crinkled mounds:OPE!~";c:rinkl,eftsurfaces are present .on bioherms,
, . , . .

of domed, subspherical,' and bulbous shape,' as well' as biostromesof· slightly
. . .' ' . '," '. " . '" " 'fl:'.' .•.... " , .' "

.'. domed to tabular .form•. Bio,herms are typically-o.02-0~5m· high, 0.-2~2 m in
. .

diameter (commonly 0.5 ,metres), and have a relief o-f 0'.01 to 0.5 m.

.. \' , ..~

'.

.....
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The ,characteristic qpen-crinkledsurface of these 'bodiesresultsfroui~<'-. ..'. , ' . . ....', .. .' . ~. ~ -, ~ .

small,coluniIls that'~re,1':'g cm:ai'!1D1~ter,'a:nd' ,spaced'~nedi~eter ap~rt, (~ig·. fOe). -
. ':: _' .... ' ." .:.""...... , -'-'. _. '.j. .... . '-.: . '" ·M·· . "': : ."'. .' " ...:'" '.' ~.'.'. ".-,... .'

The ,intercolumnar spaces are fille~,withtrapped'!ietritalsediment~bound~into-~--";'

flat crypta1-galamini..tes•. Columns ~re,~rierited' sub;a~8.ilel or'ra~iat~with
respec't tc;> a,:cent~al growth'axis'of th~-b~Qy.,'individua'l~COlumn~ may,'be

. .. .' .. ',._ ....."'. " . ;'... ".:" . . ' , .' . .. .....'.. ','..: .. ' .. J ....~. .. .. b.: " ~'>'.. (I

branched" ,anastomosing, or straight lttth connectingbridg,es. IlIhe:J:'e columns>are

not coriti~~OU~" t?rough6'u~ t~~: ~xtent~of''the'b'OdY,,~~~_,~~~~
,within discrete growth horizons thati.tD.ply periodic fluctuations:in';: th~:'growth" #'

••• ' • ," '. - .' '.,' "'. "!l.' ." ". • .,',

env'ironmemt ~ "':'.

.. The c.oiumns 'ge~er.allY have lrregular"out,1:1.nes with 8. discernible:,' .......

per'ipheral' ·zoJ?e," Wh~qhmay, 'b~either homogeneous ~icrite'ot' a ~keletal"
,encrustation' \~~ne_~ tha{h~s.va'riable thiCkne~~:'and',dEmsi'ty:,otenc.rustation.

'These'are thioke'~ Ori,:the'u~der'sideS6f,i~reguiari~f~eon 'the surface' Of'th~
colUmns.ThEi encrustat'ion comprises ~m~l~ porcellan,eou~ 'br~wri pustuies ,(Fig. ~ , I

. . .. -". '.
10d) th-at are of probable for~lIliniteral'or algal', origin. Coltmui centres consi~t ",

" : of either a bi6'turba.t.ed, mottled 'f~bric o~ a' poo.rly ,~aminated 'fabripwith a .' "
I ,11. ': '. .' .;' ...... '.: . -' ,.... -: ,..... . ' '. ," '. ,; .• ' 'l

planar or slightly, domed nature. Lamination is indistinct; ,because of irr~gu.l:ar,

~~d ~~adational ';textu'r'al variations\ 'butmay~be e~anced ,inp~tches by th~ ,
, '

presence of fj"ne laminoid tenes'trae., • .
6 Most but not'all open~crinkled bodies h~v~relativelyabuhdant

accumulations' qf bound o;r, attach,ep."fa~~l ei~Dlen'tsc~mpared, 'to oth~rcrypta18ai ,:'
. '. ':', . '. , ..

types. The fauna com.prises ribeir;i.oids, brachio,pods, ,straight nautiloids,
•• • ..'. :,' :.' .' • '.? .' ", ' •• ' . ' • ." :~. ""

disarticulated' trilobites, chitons ,'anci ostracodes.. ..'

The sUb~t~a te" is com.monlY indurated, 'consi~ting~of' cross-strEitified
• .' -.. , ", . ': '. : r •• ,'."' • _: • _,.' • ;. ", -'''.:':<' '~, ,. . .:,.

peloid 01" intraclast, ,grainst9uesand, less commonly,' ~JJludst()ne. : T}1e adjacent .~and
, .. . ,,- . - "

overlyin~ i?cks ar~ dbminllted~:ed~elfise, cOngIOmera:.e-~,','peloid,-,i~trac~a~t '." ''c' "
grainstone,' orrarebrecc1a in fenestrate ti{udstone"anci ".ackest6n~.Sulphate

, CrYS~al moulds; pres~rveu. as i~regular f~ne~trae, ar'e,'UbiqUitou~"~"Ps!~u,d~~orphs,
Of~sulph~te no;uies: and' collap,~e brecci~~ maybe :p,~e~erit. ,',' , \ '

.,: Rep~at~d erosional >surfac,e,s :> within :the mounds ire co
U1Dl

?n. ,wn;re ,i:>:

extreme ..e.ros~oria~ 'scour ha.s reduced, mounds,'to a mere ind~~ated rim,' calyx ,,/'
. . ", ..:' .,' .....•...; ':, .'.",

stru;turesof Log~ &, othe,rs, '(197,4), ~here·"are"modif1ed~;micr6atoii·.icirmsWith' ./,

a 'centralcoreOf"crYPtalg~l~i~ites<,Fig. 10~)~' ':, '\ 1 ~ • ",::_"" ( "

, Smooth mounds: ~m.ed 'and buibo~s llio~erID.s 'Wit~ smooth: ~urfac~s :ma.Y

,accumulate up toO..;. m thick, with' 0.:1 m relief. The ~eli~f generally varies

',with that of,~he, substrate surface., ' Where",the, ,bi'oh~rms.-are, 'cI~seiy spaced,'the~' .

may collecti1(ely fom, lil.ostromes.· ..' " • '. . ,"~~---- --o:>~ .' ·-t,1~~ ..



.1 tJ '

.. ' ...

, '
, ,

t>. .. ' ",Laminites

/
, \. ~ The, smooth ,surfa~e 'results' from' unifo~ a£iriation contouring t~e sh~pe

. _, .,' 'I 'J.-,.' O. ~' -~, • ~~. : ';' • 11:.• . ' ,

of theunparlying :structure 'in copc~ptr1c,,"layers ,'TheJ)re~ence:of smooth

surfa~es. "~n',~ ,vari~ti ~'f" form~' ~mplies undert~ngt~mpla,t~s:'of~ifferirig'origin.
. ~.. '. ..' :",:' ,.' ." " , ,'." " . ' .;,,',:, .... '. ' '," .:,' "" '; ':,:" '1, ,,;. ":' " "', .' .'

These templates' may be of any other cryptalgal p~y ,'type, ,but~ clos,e";qrinkled, and'

. open-cri~kled, form~ are:~~e moat co~o~ sUb~irat~~'''';These~,maY,;-~~~,:be~n
~ , di;ectly G,Overed' i~"the 'smQo'thm~t""orDlay' hav~: been initially"iIid~~at~d'and/or

, , .' . " ",/ ' .... ,' .;." .. ,.'~ ','. , . "', "',' , ,.. ' .". '". .'.' ",", :.:.. ';:,} '.' .

eroded. Additionally~ ,iIilbricat~ and edgewi.se, conglomerates alsooc_cur a~. . .,.,', .. .' . \.

substrates. " . ' , ,\

'.~<l,'..<J;:: ,',,',f ',;

',f',", .... '," ,,' '

... '______ Lamirii te; occur as extens'iv~ 'stratiform sheets'(Fig~ '10fh::

very low. relief., a~d b10strome's 'are 0.03';;3 in: thi~lGio','

" ···----·~~b~si~~i~{:~'~~~I~mi,na-;;iSu"It~ fr()~', the 'interPlay'o i:sediuien:tati~n:"
. ...... " '~." , - .J.', , " . 1..,~,:'~ ".'; .,~,' " , ,." '. , .,.. ".' ","':/.::",' "

and algal mat activity. ,Atone extreme,'its 'briginmay be entirely sedi.l;neri,tarY,
; , " ;" . .",' ,'. .' . ..... -"". "":, ',.",.

anl at~ ,th~ other, ~ algal or ~norg~ic,pr~cipita:te., ~tweeri"theseeit~eiii~s,a

spectrum 'of,dombined' sedim~Iltation,algalbinding,'algal tex,tura'r' mOcli,tication,

as ~ell ',as'carbo~ate pre~ipit~ti.one~ist.s. 'O:rtenthe', Oi"i~'iil" 6f:a/i~~~a is '

conjeC~~r~l without di~gn~stic ~videilce' 6falgae: or,i~' coritrast,' ':t'ractton
•, current' features ~ , ,,',

"

..'.

,"

, La,mimle, rangefto.m 1 'to 33 mm thick.' 'rhin' laminae are }lf5tiaJ,.ly of' one
, . \i '.' , . ,. . '.' , ," ..~.. :.', ,,"

colour and texture~"r~cOgnis,~ble~by'dlstinct texjural di'.ffereIlc~t1W:itncont,ig~

uous sediment.. ' Thicker lam'iriae ',have discernibl~:';~6xl~tion,,'with atlJ,icker'basal

zone, above,~' sharp of indist~in~t'b_aear'contabt ,gr~da~i~~~i,wiih'athJ.~':uppe~
micriti:c rind.

The basal zone ls: reJ;atively n.gbt ,coloured, comprising fine-grained
, '

peloid grainstone~ which fines upw:~rd to'muddiertextures. ~he zone may have

ei ther ,a ':"termiform fabric of •firi'~'tubular 'fenestrae or 'of iaminoid' fene'strae
'. - '.J" .'. • ".' ,

wi tli oU:tli~es qf single or 'Clus~red 'gypsum 'crystals (Fig.- '11 a).' \';l'het,upper rind

is darker,' finer-grained, ,;' :'b'omm, y bituminous, and is eithe.r 'homogen'eouB or has,

alter~ati~'dark and li~~t,- layers. ,f' olive 'gre~~green, g~f!Y, or gr::.-brown'

tones. ,Individual laminae ',vary 'from being ,'planar and of uniform 'thickness

(Fig~ 11 b) t~ 'mildly und~lose w~th une'lenth~dkn~ss when:.o\ret-lYing an undu10se'

substrate.
··:-'--'~ri~~;~'~;;;-:t~-c:-t~.sheets, are 7 c~mmonly i~durate'd and vary'from 'poarse,

"pelmatozoan" grain~tone 'to "bi()tl1rbaxed ,packstone and' mudstone~', shr"inkage c'racks ...' . '< ' '.. ' . ' '.', .
(Fig. ,11c) ~ indurat~d crusts, and eroded surfaces with overlying flat-p~bbie and

grape~tone-lag deposits may be pre'sent '"i thinthesheets•• ,TOPS~£>f sh~~t~,~re
commonly 'erosional, surfaces ovarlain by coarser skeletal"grains,tone,,~~oid," i

intraclast,and, P~'ioidgrainston"eor 'p~l~id packstone. ' '..' ,
,.~

.. -'
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, OncoliteB'
• / . . . ~ ~'. , . ".:~..'

Oncolites(Pia, 193.3; Logan'&,others,1964)areasynmletrical
. . .,' .... ,'. ,',-' ." .... :. -' ..... , " ..' .

,. sUbspheric'l' bodies' of 3 millimetres,totcentiinet~e diameter; ,'light coloured ~
. . '.. ..... ", . ", ... '-'::'. t" .~_ . ";>',: ,'<' '." ,- ". '" ....4. ,....'~ • .'

with largegrapestonenucJ,ei, and, a. thiIr, "irregular, outer '"concentric laminar
. " . , ' , I .

zone of variable thickIless;, I~d'ivid~~~,~~ina:e,are ;ndis~ihctlydefineo.:bands"

.......

'Q

,,'

'- ..

, ,
~. "

~ .

'. . ~

. '. ',' .. -',
',/ '
/.

.'.
~. .'
• £"

,'They occur :iIi,rare strati~orm',sheets:,,:O';2m'ihick,:-that havegrada,ti'on-
. '. • ... . . ~-, .' ",' ~;" ~;. "',: .~' . '. ' , I

conta'~tswith ~n:derlYit;lg ooic{intracla:st ·gr-ains--toiles; " , , , " , ,
. " ' - ".. '-0 . I,:,. " : .,' " ", .. .' ,', . ," '.

The biostrome qonsists<of,:o'ncolit~'ooidgrains~orie"and iste'xtura1.~y "
, ,/(/

,';."

al lower

of'micrite.

'.

, "nodular sulphates.

'This' rock 'type is commonly ,thin tc;'~meP:ium';;bedded;,put can b~ vl8rninated

or thick~,bed'd,ed;,Pelo,id car~Date is' the d'ominant"~Qok: 'type ':in the Ninmaroo:' . ,

,'Formati6n'~and ,ic:narac~eristical\Y' '6cclirs' in, th~",lipper_'~r,tsof~s~di~~ntary__ n\n ~_:~-- "',;~

:~::::t.::~:::::·:;::::::n:~i!:dl::~j::;~::::~a::;~:~:;e:Pw~::ob~::a~~e·i
fabric predOUlin:~:~~in ~rY~talgalstru'C~ti~~~. ', '"

Peloid carbonates'c~mprisepeloids;With'subsidiary ,sketetal .p~rticles,' ',i,(,'l,.,

ooids, intraclasts,~ ~~dvar~bl~ ~oUntsofm~,d.·''':C;o~s~laminatedpe,16id.. ; ~\ ,", '. ',": /. ~ .:" .'-' ',' .,,~. _ ", ,.....,' ',. i~,:j~
gra:in.stonecoriurlp~lycontaJ.nsquartzose·and, feldspathic sand. 'P~loids (McKee &'.,.Gutacb,ick.1969) are of tln-e~ typ"s, . . .. . ~~

'L , ~~. ~>;~~
. l. . ", . '.:~;: , ;-:::t.j;~

1) small'rounde1 lath:-shaped part~cles" 100 )Jlll diame,ter and 150 Pm lOng~:}.~~

probably' .of faecalori~:in (:Bathlir,~t, 19'75; andFriedm~~ &.. sanders, 197.8) ; . ,,:;i'b~
2) , rou~ded ~icritist3d'Particles' of skeletal,., intraclast ,~ggregate, or oo~d;' " ,,{)i,

. ;" ")" ..:?l~~~

.3)::~:::I~:i:-'a:~::~ 'mic~itiC particleaof 1QO-~O \ID! d1!,me~er. with ..1
angu1.ari in~entedoutliIles producedby,grow~h~'of sUlphB:te'crysta~~. ' ";~~\

l:i~
, Ske~etal pa:rticl~S compri~e sa~d-sizedpieces of ec~inoderuis', "ft~

ostracodes, and' gastropods" as w~ll 'as mirlor" tril~bite '. ribeirioid, ,'and,,:';iJ

::c:~::~~yf::::::~.en~:::i:a::i::~a:uD::d:~:dt~~:::~:~a:::::g:::e:~:~... ..J~
._ 0. . i tJ :",.,,;1;

to, tabuls'r grains of peloid' grainstone and. packstone , which mayhavemicritised . ':':i~!l

ri~s and ,ar~thus' grada,tional' wi th pel~idS.' , , ,', 'i:if,j;

, 'The carbonates ~~e:com.mo~iy either 'cross-laminated or laminated with ',!,~'(f

fenestrae', and have shrin~ag,~cr.aClc!3,bioturp~,t~<:>~or~Y~~p;l'::~I.1~,~~:<:>f"g:r:'l,~,~,E:t~an~-,\j~~
, ....r ~,
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. ,Laminar, fine":~rained pe1.oid carbonat~~ charac~eri~tic.~ll.Y hav.e th~n.

'dolOmit"eor yellowdedolomit~' J.~inae,':Which··;mpa~ach~j.aqteri's·tiCstriped,.,
~. . .'" 01· .

.a.ppearance to th~ rocks •
.s' "

. 'Pebble-conglomerate carbonates
" .:~ ..

Of the iritraclast·carboQ.ate·s" pebbl~ conglOJllera,t~'fs disti~gJished·.from ' .
. :. .' ': . ..,"; . -. . ", .'; '. ',;" '. '.'" "'I'..', ' .'

the finer-grained intrac:lastcarbonate ··(Fig.,11 f).' Pebble":conglomerate.

carbonate occurs in "j;~e, ,bas,e~ of sedimerit~'r;~cYcileS, :formiI\g' ~h~~.be4sor .
, 'r '4 \,. •

constituting the bases.of thick~r, interna.llygrad~dbed~.:.'. ~o';ty~es bf':'·· . •

C~nglomerate' carbonate are. distinguished ,,;'the_~buridant fiat~pebb'ie c~~lomerate
and th'e less~omm~n round-pebble' C~~l0t!~te'. . . .' . .'. .. ..... '.

.·.·Flat.:.pe.bble conglomerate:, 'This is ,agrainstone, le,ss comirionly a . .
, ,.' ....'.,. ,." ... ,', '. . '.i . ,'. " ,: .. : ...... '-,'.."'. ." '.,'.' . ,.',', ,

packstone, with·peb~le~~ized.,dif3lC~pe~intr,aclasts as ;the dom'inant:.fram~work··

element~ pebb·J.,esnlay' fOrm anop~ii·frameworken.c~osed.bY a 'finer inat~~xof:' .:' .:;
• ~ '., • '" < -: ' • .' ' ,. ..' :,;', ,;':.. .->', ", ~.. . ... ,or: "". . '.; , , ..; _.

grari.ulet~sand-si_zed pelo·~ds,. intraclasts,ooids or skeletal grai~s.i ',rhe .
.,~\ '.' '. '. ,..... ;~; ,.".\:.:, ' ". "'., '. '., '~" ~'.'- " .
.pebbles are of.. ro.unded ta:~ular, sh~pe.s ·'(Fig~·'.J2ar"that :may be ~lightly'~rcu~te;o,r'"

. . ..... ":.' "('. ...... . .'. '.' " . ',. :..... .

'cuspate in cross-section, and r.ange from granUleato pebbles 60 mm long and.5mm

thick. Larger' cobble-sized :iritraclasts·are nQt~&.1fel1~·roundedor as··abundant.

Pebble elongation normalli,p~I"a>~le{~"the'lami:n~tiq~-:Of~l1e'~o~~l~O},Ogy:,.,whi'ch

. is' fine-grained peloid grainsto~e',·'cro~s·-lam;iilatedail~y to.::sandj grai:~stone" .
. • '--'JII' ,'.1 . , . .' f,',. . ',' ~.. .,:' .,:.; : " \'

.·'ooid. grainstone , ·or cryptalgalaminitea. . Theconglomerates'ar'e pr.edominantly ..
'. ",' . " .' . .~;. '. " '.,

monomictic ~ with·the consti~uent :pebbies being the .same as ,the Underlying

"' substra te •. 'L06~111y, pebbles ,ui~Y"have irr~gul~/crypta:lgal, ..en6~u$tations •..

.: The' fab~ic of t~econgi.omerate$·is: varied~everl'Within a$~ngle hed •

.r:ow~~ngl~":i.mb~iea tion. of th~:pebbles'i.s(c'amm6Il>::c·:i~well-sorted 'uni~odlil' . ','
____.~..., . , , . ":::,' '; .....:~.<;;.;...'.. n ,':, '."' .• '. ", .... ':.. " .:~J'-' .

sediments~ -and large-sgale stratificationuiay.be· associated, with these
. . . ': " ..", . . . "

./

. 'r

imbr'i,~~~~on. fabrics."

, Where sand-sized particles are.a.significant compOnent .of the., , . '. .... : ." '."". ""~ .

conglomerate ,: the tabular clasts parallel' the b~dding lamina~;ion. Edgewise.
~., ,'c,•. ". , ... _ ...' •.... ....- .. , '

• f([b~~i,~!3' (Fig. 12d) 6ccur,wne're' there· is relied' on tb:e~substr$:te surface' .
--.;.">~,/",,. \... ~ "-, " .' • ...' .'. ~ . .',' •. '. ,," '<. .,' ." ,~. . •••

. resul tingfrom hol,es or crevices or from cryptalgal mounds .With edgewise
. . ." '~ .

fabrics, the\ clastsareinclinedat a.' steep 'angle: ,to bedding:, and 'are .wedged' .

with a .m~trix of' smaller ·particleS.· ',Edgewise'·stacking.may .be extensive..

vertical1,y tFig~ 1~d) , although' clast.orienta tions v'aryfrOin hori~on t~ '..

'horizon•.
. '.

'Beds. of flat-pebble ·conglomerate range from ex\tensive shElets to small. .

.. lenses: ..wi:t;h gradational contacts~ These bodies normally overlie .planar ;t.o .

irregular erosional surfaces on indurated'substrates of fine sandy grainstone.;

" ."u".
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peloid grainstone an~wackestone,(joi.d and. intraclast grainstone, ~ryptalgal

mounds and' lam1nites, ·andlimemudstone ••. Erdded s~rfdces'rri~y rf;)curwi,thinthe .>

.conglo~erate:,b~t a~e o,~li' obvious' .~~ ~harp. Cha~ge~' ,o~f,f:a?r~c>~~d texture ,(Fig.
, 12b).' ~, '.,.. .',' , - ,'~ ' .. ':,,' .

.; ':,,', .', . '. .:.' i- r " '.'
An almost ubiquitous ,feature 'is .the 'presen~e ',of. :iIlesoscopic solutio.n-

mOdified v~gs that,"ei'ther ~onf~im to ,theurider:l:lide~.of horizontal. p~bble.~,. or

/ occur >'wi th:tnthe ~atr:ix at,pbints of ,c9ritactbetweEm·'pebbles~. ·Som~. vug~,-have'
.' G' . " ' .. ,.... ,',' ", .. ' .. , '" . '. ',' '. '.

geometrical' E!hapes . suggestive of large 'crystal mOli;lds.. .Thes,e are' fi1.led with '

\ c~arse3..·y crYS,talline' ~hit~ saddle dolomite ,oi)aq~e'~red, orange, .or' yeiiow,· . -
calci'te," purple 'fluorJte, 'or bftumen.' , . ~.-~. '0 •.

.. . ', <~ _.' . ~J.:', ,". '. • _. . . ~f ~. • • _ ," ,"", ;.-;' . • __• .-, _ " , .:

Round-pebble conglomerate: Tijis 1'88. min(h':constitu~n:t comParedt6
.' .' " '1, ,," . . " . .' ',' :-:'......... ,: . .:. . . ..' ,:"': • " ".;: ,

flat-pebble conglo,merate and is characterised by. more spherical and equant'

pebbles~ w~ich may be,. slightly, deform~~'.~rom dePo~itionalcompac~idti. Round .' .

.pebblesa~.e .• s~aller .than,. :~at'p.e~bles,~:h~,?ngd.T~~SOf.:1Omm .·or :less and.

rarely e:&;.ceed1ng.~Omm (F1g. 12c) •. Theya~ecomposed of ).J.me muds~oneor .. , " .....

lamina~e~ fine peloid grainstone.and. pack~tone,. usually thes~e lithQlogy.~s·

the underlying substrate. ' .
'.: ...

Other intraclast·carbonates

- ........ ',

-.

sulphate crystals.:

Of minor ~: less. conspicuous occurrencecoinpa~ed'topebble conglom~ra.te,·
are intraclast-pe16id-darbo~ates,which ,~'re:medium'to th1n";bedded-- or very. thick.

. . 'I. '_'. " .••... '.: -. _'. . " .- ..

wher~ they abut· 8.nd:drape overcryptalgal mounds.' They are' common~Y'stX"atified
.. , ." .'. . .: ...•.. _t

or .cross':'frtratifiedgrainston~s,· that may bE! gragationalwith coarse pelo'id.

grainstone:, Dlinor ~ckst~ne an(fWackest~n~.

'. Intraclast-p~loid gr~ins'tonerionsi1i~s of sapd. :to grariulEl-s1zed .

intraclasts a~d.. pel~idSWi.th ~~ri~bie amoUnts; Of'.60i~,s~'agg~egate lumps, and

skeletal'partieles (Nuia, ech:lnoderm, trilobite, brachiopod,chiton and
" -,,-.. -,: .... ' .. ,'

. ostracode fragments', unidentified fragments, and nautiloids).

. Int:raclasts are e'quant ·to '~ath-~hap~~fragments of'p.aloin or skeletal
. .' '. ". . -.' . "'" . . .',' . .
:grainstone and'wackestone, commonly with cryptocrystalline rims of v~riable

thickness. Some ~ntracla~ts' have cusim~~ ?r ,roundedoutli'n:,es',,dth a1lgular .

ge~metric '~mbaYmeIlts (Fig:n f) 'and overall ~aried ·compl:exshap~s.Thesegrains. .'

are modified and ;~worked lithologi:esov~rprinted with' reticulate fabrics of " '.
. '. - ... • ," .;~ • I'" •.

. sulphate crystal"!:>. AdditiOmllly~som.e intraclast grainstones also have an

expanded apPElarance with :lar~~" p()res, tewer'grain-grai~COnt~~ts;; s'ndsoll1e

flattened grain margins', resultingfromdi~placiveinter-p8r;:~i.clegrowtho:f

' ..
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.,.,.,

.. '

.: .

, ',' .._.~ , ~"' ..

; " ':'- ,.

p

1'.

sma11er'~imp1e or supe'rficia1 ooids •.

) '. Q~id' gr~inE!~~nes are commonly ~ross-$~ratiffe~_ <,Fig~12f) or. p1anar-

s,trat.ified; and at-e' i~ piaces' associated with crypta1gal' mQund~,or laininit~s.

Depositiona1 fabrics are modified bydispla,q1ve g~wth of· sulPhate ,c~yst~1..S.. ,.,

, .Oomo1dic, porosi tyhas . ,two. expre~~¥ons. orie' is in a variegated' dark ­

light striped o'r mottled' fab~ic;{R~es &~'thers, 1976).that·:fo110~s,.l~miIl~tioXi
andbioturbation (~ig. ·13a). .T1l~ ;'~ark.·pa·tch~s· have,tra6es pf bitume~'fil1ing

, ...""',,', ..",,;! " ",' ,.=:'; .' ." ';. .. . . ':" '. I

mo1dic or collapsed ,ociids" a~dthe lighte'r bands, which' a.re y~ilowish orange on~·
" .' . ,: .'.'" " ...,,"

weathered sutfaces, c'onsist, of d~dolomite aft~r: fertooan,'dolomi te that seiective-
"

1y replacedooids., The .second, type is. in s'~ratiform'b~eccias resul:ti~ from
• • ". I - ."' '. '..... .', ,. I .•.' ' . ,.1"

collapse of crystal mould and 'oomoldic. 'porosit'y'., , ..". , .

.06id catbon~tesa~e'c()Imil()~ly.'~olomitised,and sili~ified,:,the original
• I, ,.. :, :.'. . ~

ooid fabrics being preserved l,n 'the chart' nodules and laminae •.
, ; ;,( .

,~~

Skeletal carbonate

Skeletal' .carbonate . is a domimintand conspicuous rock type in th~.~ppe,r .
.., ' . ' , ',',. "', ' , . .. ' . " . ,,:'. '. '., t.: '. ';,' ~ .:;' .\".. ",'.

part of the formation; elsewhere, it is minor. Sk!Jl~tal.elements·include.

, ~chino.derm, 'tri16~~te,'J?raChiOPod, ribe.iri~id ,gast;oPod~ nautiloid, ch~ton" and'

ostracode fia~ent's~i1:an~'apongespicliles." ';" ',.~ .

. ·Echitioderrq,.;grainst~~e termed," e~'c~'in:i~e' by previous' workers , is llhiok'
bed'ded, cross-stra;~~ied ~o .f!l-t~uctux:eiesB" consisting ~f:, sa~d,'to g~~~ule-siz~d,
~chinoderm plate~.~d libraded'fragments with syntaxiaLqem~nt" o~e~growths '

(Fig~ . 130). Br~ken/surfaceEtofthis '~ock appear coarselycrystalline·becaus.~
fracture occu~s. along boutldaries. of, the:iarge 'syntaxial calc~te ·crystals·~. ~e

". .. " . . ~. ' " '.: . "', . . . . ' .. ,":-

grainston~ contains varying amounts of trilobite hash,sponge.spiculefragments;

brachippods, ribeir:loidsand nautiloids~' as well as peloi4s, ooids, and flat
s'

, .'

" t· '
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~ .. ' '.' '" ~
~ ... "

Spiculite, grainstone':'9ccurs charac teri~ti..cal1;i~,; carbonates',:p~eB,e~ed

as thin. cher.t,'b~ds,sometimescros~-~tratified,"and'~o~~r~~ing W~11":sorte4 .

siliceous sporig~'spiC.Ul~S,O~4 to 1.'5 mJil 10ng,.a:nd·50 ~:<liallietel:'", vith minor
. .,..... ',' ' . ' , ' .. .,', " ,: . ':."',.". :, .,' ," ,..... ::".' .."," if:', .. ' ,': ,.,'to ' ...: ,'..

amounts .of trilobi'te fragments ;i. echinodermplat~lets,and uncomm.onJlaut110i.ds. '.

'SPicules ar~onlY p~eBerv~d in layers orriodules'o·f\~~e~t,., . ..........., .

. . . Miied. sk~letatri~~bonat~~are ihi~kt~ thin~beaded" grainsiO~e·,.
" '", ',. :. ' , ',":>;' " --' : ,'.::,,', . ' , .. ,,~,,(:, ',. ,:' " ,',',' ;' ~. ' ',>,:'

packstone, and'w~ckestone witiCva~ying.amouiitsof trilo'btte,echino~el"lll,. " , . . ~ , . ,'; . .. . . ' " . . .. . " .;.

brachiop.od ,rlbe'i'rfoid ,gastropodr naut).~?~?an~"cA~:~9n .fra~eiit~, •a~well as
, . ' "f .. ,,' "'" ,,' • -i, •..• ';,", .. : '., • ".' " ,';'"

pelpids,' fla.t pebbles, intfaclasts' or ooi.da. Trilobi'tes ar-e th~moat,·

conflpicuous elements •. ·"'MolluscaIld 'brachiopod componeilt~";:are'c'o~OnlY; 1>roken:~~d;,

;,

"

. o.abraded.
, ':,;' , ..,." . .' ',' :,~.". " ':. " '.. '. . . ' . " .' .

Ostracodes are commonlytlle sole' skele~al,·element·in many mediUIil to

. thiCk-bedded" li~estones. 'Ost~acod~"e1etnentBkay","be'(~bmplete, dis-articu1at_ed
, .• : • • .' ." :1.', :.<',';:;:"Q '.' " .~. '. ,.' ,

valves, or hash, .commonly ioccurring in: a :matr~J[.:,'~t~ mud :Qr pellets •.
'.... ,

Lime mudstone .\...

Lime mudstone is abUndant· only "iri', th~ ·lower. part of the formationiIi

thin to thick beds~ . It oc~u~s in 'the upperpB:rts ofSedinlEmtary cycles with
',: , .,;'. ,:'~" , .• ' '" " -,,.:' . ,: :,.'<:':",.•...~. .'. . • •. '. . .

grada.tional10wer contacj;s . and .eroded upper"'surfaces.:Li.l;riemudstonemay contain. ' . ~ .' .' '; ,." .' '::-. '. '/.: .. "' ~.' .. /,'--". , ,

ostracode fragments, is commonly bioturbated {1i;g ....,13:d) aIld has'yariable

abundance of shrinkage cracks (Fig •..' 1.'3e) a~d<pseud~(jrp}U~.~fte;'anh14r·i te .
. • , .. ' -. .• :' ,. "" '.', " , ',..,. ::,' .... ' ." . "",.*.' . '" '. '.', ',.' .~~.. ....

nOdules. Evidence, for an origina~ly p~fistic coherent}:~a~ure'is: the disto~ted .

vertical shrinkage cra.cke '(F:i.g. 13e) and smo~ip.~d~lo'se'~rosional·surfaces. . .'

.~ Pervasive fine-grained d01omitisation'ls' couu:ribn~,: Surf~c~"e,:icposures'l!!~y
. '..::' . . 'I ..... ',','. :~_., :'.: . .... ' r

have a yelloWish colour from· dedo1omitisation and oxidation of theferroan.· .. '
" .. - : " .' . '.,' '~, ' ,". . .. , ' ' . .,:" '., : '., '.;,... . " .

dolomite. This col~rati.ori emphaBi~es biotut*bation or'laminarta;brics'an<l' has

previou~lY be~n"described .as'two--toned': (:Browri' ~" :.1961 ,; • ~~sey, .\·96~,;· .Jo~es &:
. " ,:!.' . ~ , '. f, .o'. • . ".

others, .'1971 )'."'1/> ~\~ ,. ,~,. .',
..,
,'.. ..-:'

..
".':

. . .

dolostone beds ~ve :8 terrigenous component of fine·s~p.d,Silt, .o·r fiiaY;1fhich

is c.o~only less. than 30' percEn~t of·the ·:rock•.. Silty .carbona.tes· are:domiIi~nt.,:'

with: angular qu~rtz and fe'1dspar' det~ita·l. grains"in6b~p~:r~ted'in fine .pei'oid or'
; ,'.' " " " , . ,~.

~ flat;..pebbl.e timestopes.. . ~ ...,." '.

. . 'The' cont~ci'~ betwe'en imP\lre and more r.e.sistan~91~an.er carbonatesllre

:\..;,.',: '

. ~ .': ".
or" more

".,.!..

In outcrop,.iwpure:b~rbonate·bedB.WhiCh ~o~s'titute 35 percent

of t.he seq~~nce., fOl'lll~ecessive ~its, 0.3-3. m' thick. :These limestone

Impure' carbonates, .

.both g;radational and abrupt·.·
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'r?.....'. " .
Sand-stones ,',

'Quartz'si-enite'~onstitutes a 'm,inor component of the sequence" 'although' "

impure carbonatE'isare,;ve1"Y'" common.'

Bimo~al' sand~~phe'~ '. , Th'is.forms' thin beds defined by a spa,rse basal-Jag

co,nglomerate of angular flati;i.,ilt178,clasts,that a~e of the same compositio~i 'a'$

the ,su'~strate. This ,lagcongloblerate' grades upward into 'thin, lO,w~angle;' eross­

stratified sets of san~d~on~,';20~~O;~ thi~k,Wit~ broade1ight1Y, t~ou~h~ ,', ',,'

'. shaped erosional bases,. At t~e ~opof ;~~Jme :peds ~'~ a thfn set. of 'c1im~ing "

ripplE;l 1aminati,ons. These. saIidstonel:S,'which weather' dark brown wi'th 'I friable

and porous. texture', have bililo~al. SO;~ing 0:£ finean~' c6arsesand '~r~ins, Of'

quartz' and feldJpar. ,The coaI"'E1ecomponentis spherica~, we.li-rounded~.'wi t1.J, , '" -
. ,,' :' """.,', ,,' ','. " , "" ,

fro~ted surfaces anq, in soine occurrences, thiIi ferruginous 'coatings.:: Th~'iS

an absenceo~,,~i0t~:r:-p.ation. ' , ,\",,,,:-, ,

The 'sand'stones over~ie induJ:,8ted and eroded doiostone' and, che,rt·, that

havepx:eserved, srrinkage cracks.,a~d reatu:r,es of sUlph~~~e qV,erprint. ,~;moda1
. '," -', ...... ;. "':':.' , .... ....

sand'st:on~sw~e n~t.:commori ,~d ar,e ,found ~lY':\in th~ ~entral ,?mp,ki", Ant~c1in~,
region. ',' ' .' ' '.", , ..', t ", . " r

'/' " .f' , .": ~, ~ ,,-, \ '. ',. :,'," ,,! " ~

(Fine-grained sari:dstone:,.This sandsthneoccurs in thin to th~ckbe~'s
',;' . . ' ..

~, .
with sets .of both. planaran,d moderately-angledcross-.s,trata. The sandstone iE!' "

whit~, :U~ht yellow to dark brown~ and co'lllllionlt friabfe,w1 thsQm~cementation':
• ..' .., • " • Jj'

'by, c~lci ta, d61oiniteo:t:'siliml. : It fs: ~ well-sorted grainstone, "comprising'
.. '. :(~.' . '",' " " . ".' . - .' "', .... ." ~." .. '. " ..

subaIlgularfine, an.d very,l'ine',sand. grains ,of ,quartz and' feldspar, as' wel). as'

peloids ,minor flat pebbie's ·ari.:ci,"g1aucOniticpel,o~ds. "Bioturbatioh may 'be
.. \,:.,~ .

present.,

',! Sediment&ry cycles

. • " " -• ,_... :,o', ..' . '. '. ."'. i, ~; ~ .

,A sedimentary·'cycle ifS.8 sequence of related processes and. conditions
• . • . :". l. .~~ /"'.,. . ' ..•.. ' , • ..'

that, produces a se,dimentary deposit of va'ri,ous rock types that may occut'in,~,
'. '. '. ., . .,. . .. '. , '.' '.

particular order. These cyclic depos;its may occur repeatedly in a .;Lithofacies.'"
"'"., '. ' . I, '" ' :', " " ': ,'.' " • ' , '

Such depo,sits are termed sediinentarycloles. ,These "units are bound,ed. by b,asal

and upper erosionai ~urf~ce~, wbich:sep:~~8.te'repeatea li'tlio1ogical,. pat-t~rns.
, " "The Ninm~~OO FOrI!lat'io~ c~ntai~s both car'bonate and i~compl~tely eX,posed

terrigenOu~" sedimentary cyc'les ~
,o,

Cycles ,are, p~esent' throughout most of the :formation ,except the,'

uppermost part, where' 1ittle call' bediscerned'through dolomitisation' and

silic~ficati6'n o,t the seclion,;, '38 'cycles of ,S;dimentation have been recognised

i:nthe'typesection. 'Tllereare three types of cyclic deposits, nam'ed by the'
.. : .. : .~. ,,-' '. . ...

domi,nant rock type,; Type A-cryptalgal 'carbonateclc1es,' Type,P .- 'peloid
. '. . ..

carbonate cycles, anQ Type SO:'-·skeletal-ooid carbonate cycles,.

,"

I""



TYEe A -GryptalgaL carbonate cYc'les'i .

.,Three' sUb-th,es of cryp1i~,l,gai;c;cles are disti~g~i~h~d"by'the preseI,ibe'

of different' cr~taigalmQrphOI9.g~e·tHTYpe.A.1 -' crYPtalgal, domes,~"Type A2.· . -

c ryptalgal domes" and laminitea ,'a~d';'~e'A3 - crYPtalg~laminit'~·s. " .

. , " Tnl,e A1 'cr:Yptalgal' ~arbonate:·cycle.-:;hiS.·~Ycie·(Fi.g •. '1~) Aori:tains in

ascendihgdrder: .... , .

1) imbr~9,ated flat-pebble 'collglomeratewith. an OOid',~,~oid,.'O{p skeletal.

1\",'.

matrix; , .

2) bioherm7 or bioSt;o~;",!!?f"Ci-ypt":;L~~l dOll\es with s Bp.Jae .fs~ 0tna~t~+'­
oids, trilobites, rib~i:ridids, and ,;Cp.i tons; .

3) ~djac·enta~dover.1~ri~edgewise ;'rlat-'pebbleconglomerate; ~rad;i~ ~p 'to

4) "cross-stratified intraclast~p.~loid g.rainston~ and lightlybiotttrbated·,i· .' .•..

,paCkS:::,~i:.fo';SSheets~d:pr~bS~ lenses. .1-; m thlck.·~ounded' .

betwe~h an' ab,rUIrt-'/erosional.· ~yrf~ce, whicn' is .~sual~Y~'Vir.re~ular,.~o'~usp~t~, .

develop~~ .on basal indurat~<!' gr~±nst~nrs and, 9,rYP.t~~gal ·domes. The upper•.

contact is 'also an i.rr~gular e"l-osional ·surfac~. ',' . \'

There are varia t:lo'~s on this: gehe~alised. sequ~ti~e. . ..., '.'

, 1 • The basal c(;mtact maYhav:e';~,~,n:~id~rabl'erelie'f.froDL~rode~iand in!iUrated
'.' .," ,. ,:,'. . . , " '.

cryptalg~lmounds. - ',.' , ',' . .' .

2. Crypt'algal moun~ leJe~op~eI1t'.m~rbe' directly ;on. ,.the:>bas~l.indUr8.t~~ ~surface,'

and b.e3eFi~ of ~ig-n',~rea:s';s'ti,c~f.~sold~r e,rOde~<mo:~nds.~.'. ""

3. Sed,iments adjacent to the dOIl1esniaybe'£'ine-gra:lned,' in;tra'clast~ peiciid,
. .: . . . . -. ~ ..'

" . .'; ,','

ooid, or skeletalgrains:tones.. " '., ',-,

4/ .Soluti6n-coll.ap~~.:"hreccias'm~yoccut" wi'thin'the 'c,ryPtal-ga+, .li:thologies
.' ",.. ." '.... :., " : ':'.... 't, :,

'Type A2 CrYEtaiga'i~arbonate cycle. This cycle (Fig. 14),.,.,corftilins in
" \~ ','; . " . ~::~~..

..

. "

I .

,','- ,"

" ':

'.~

l,.,

up"" to~.

...... :: .

basal int~aclast flat"';conglomerate and ool.d-intrac.l~st gra:instone, grad.:i:-ng
'~'" ' -. '.... ': . , .::"

contact.

. ~'/

2) laminated inuddy' wackes.tone or p~cksto'ne'which 'm'sy,-bei" cryptalgalaminit~, ..:..
J • ". . . ,',' . '; ,'.' , .

3) ,bioherms or biostromes· of' cryptalgald,oInes- with adj,acent:'H.me. i!iuds:to~e~
,:7.. , . ," ". ',' . I",. ", ... ' " ',.,.._, ','", . .,,,,,_. ':.:": • . . - .

4) irregular· collapse:;/br.~c~ia. layer;:l' on' top of" the· d.oines , .' . ~':J .
5) homoge~eous.>~~ihit~dlim.e ,.~udstone., , " .., ': " '.'"

'.' This cycle' forms,. sheets, ,9. 5 ',metres. thick, which. aiPe def-inedby a. ,

clearly defined~e~osional'~aseand'e'ith~rarier'osio~~:(.0;' gra!iatio~~l upper
~ . ".

asc E3ndingorder:

' .

\.

/
" \. '''',

.. "
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Figure 14, Type ,A (cryqtciI9C1t)t;'P, and'SO carbonate cycles.
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Variations withinthi$ 'ciYGle'-ihclucre.",/the'f01:{Owing~';·" ..}'
• 'L ': '6' I :., ." ':'" •. ~.', " '... ',. ".' ",. ~, .'

1. The basal -grainstone and' fining....upw~rda~hoFizon may' b~ah~en~,:wi th cryp,t·,
. :: . ",." ~,' '" ".: . . '. . .,' "~ - ',,': -'.. ./..~/.:.:~:":,:,, " t'·' .

a'lgalamini tee, overlying the~'b~f!al erosionaL· surface.
. ". , ._l " . ".,' . . . ., ,"; ~.; ";.

2. The collapse .brecci~.is variahle,'inthig:iqiess and' tBay. be' absent.

3.; ·PseudOmorphl:3after· sulphate nodule'~'ula~:'"occur withinthe"crY~t~lgaidom.es.

. Type A3'cryptalgal: c~rb.ohate'cycle.• ':Tiiis:.CYC1~ (F~~·.~,1.4)':~·~m~~~ns i~
. asce,nd:i:ng orde.r:' ".:" .,.' '.

:'::-;' ,",;,

1) . basal flat....:pebble c.onglomer:-,a.te',which i.s gradational up:to
. . ... ', " -.: ,:."'r:,

2)' ooid,peloid, arid mi~or skeletal'graitis-tone;.··

3) ·cryptalgal~m'initea~ompris:ingpeioid.iim~stQne·with,fenest
~~. (. . . . .(' " ,'.~._, ' :' ..:.: "

>shrinkage cracks ~ 'chert, nodul~s, 'and. pseucfbmo.rphs e nodules '. arid
. .., ,- ." " . ; . '.' ,,~ .'. . '.. . ',' " .. ~ .- : r1 . ". '':' .'> '.~ 1 • ." .. ' ...

crystals.""'· .,. ." ,...... . . ...
. .. ..', .. ". <:' ..' . .• '. .~' ,?, ,. '. , " .' > »-~ '" •

This' qycl'e forms sheets;·1";;4 m thicrk, Jlith .gr~datiorlal 'or distinct

, basaler6~ional b:;~,tabts~thatmay ri~.t·aJ.way'~·b~·~·xp~·se9.'>The upp'er;co~tact 'is
." ", . "' '. ..'. . ,.r::'?\ :',:,0, ,~~ ',,'" .' ~'. ".' . ", ; ,~/:.;:,'.;:' . -~, .",' .... ", )-~ ' .,' " ',' ..

',:,distinct l:?asal ~ros-io~al~ cont~cts'·that.may' not always pe. exposed•. The, .upper
. ;" •.~":') . ,' .. ' " _ ') '. "0,,,:., -~ • _ '-'. .:: " . ':.,.!~-, ~'S, ',' ."

'. -cpntE\.ct is distinc.tand ··planar.
, . . " . '. ." ",' "": " ">".' ~\. -','

.' ;;The f~l:ldwing:..are'i .variations '~i,thinth;tscy?lic::uni"t.

,1. . The basal 'Gonglomerate,1nay ''be a.bsent.",.
} ':'.,.',' .. ....... ,.., ',.

I • ~ • _ I •.1 '. . , . , ',' :"" I" '," •.•.. ' . .. ......:. , .. ,t: '." ,......,'. 4

':2f', Fenestral and' sulph,aj;e..:overllrints a~,evar;i.abl~.
".~' ", "':.,;".~ ," <> '.. ,-.:; ','. "',,' .·'::;:i;,::",'".:-· '" ,

~~;', Tlibula'r fenestra:e ~t'epresent~in' some··ho'rtzons.'
. ,.", ,"', ti .-.... ' .' .':"'~, .:',;:,.,"':':l~"f '-, . "'",',

~, ·4:.... Xndurfltediand er6ded:-crusts recur in ~th~ ,laminite's.:

·'J."'~.5~" Thef~~:is:a.q;CltiCi£Y i.n· tlie·.fen~st~~·l ~~abr~cs. :," ,i.. ·

.' :'.~~'. :6~'i :Calcr~~e"',6emen ts '~nd replacement zones c:o~~rily'co:i,~c;:id'e~ith 'the. ·'~ll.d_ura,ted
'. .' :~> -',' .'" .~ <'i.

)' '.

/ .

.,

.../ .. " .., '

" '

. . ..

"";,." "-l

"

'~'...""'.
" I",

'," ' ,', .

erate.

" Type PPeloid Carbonate Cycle' . ,. " _. . .,' .... . ' '.

, ·.\;;. imb~i::~:~dp::~~:n:::~::~:a ::ii~4~n~:::~~:::~:~;~::1::',~, .
, :. " <t 0, '" ..,' ". , '. '),' • , :" .', • , " ~', ",.... ."

. . 2) . cross-stratified pel~id and' ooidgrainstone. - with thinner sets towards /
.:- ~", ":-. " '.. . '~ .', '. "'J. .

.. : the·top and,.grad8.:tion~l.'wi th" \' '.1

}) laminat,ed packs tone and '.wa.c~~stone; ,.
4) lime mlldstbn.e. '~ith"mino;-: bio,turbation and' a homogeneous upper rind.

. . . .) :(: I' . " ' " . '. ',',:

This cyclic uni.t oc'our's 'as sheet.s and .l~nses, O.1~O.6·in ,thick,'. ~ , . :.. . .. ,

.defined bydistinc't: '.' lrregu:1lll" erostonal surfa~es,at· .the .b~se·a~d·t():p~ . The " .:-.
" .. . . .-" .,' ",. . -, ...,. '..' "-

'.basal contact mayqverlie a firm ,groUnd, orindurate'cf substrate~,~ ....

Modifications io this'·gener.ali~ed' cyclic . unit . include, the.' following.~
1.. .-The lag I deposi,tconBis~s of either a flat..;.peb

1
bie orround:-pebbl~ conglom2

\ . I)!, .

I':, 'I

" .~

: .
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>... ,
" . . '" ' ,'~' '" :', ,." ". " ," , ,t~)

, 2. This. basa~ 'qonglo~e~ate>.~ay·.. be-,a1?~en:t.. "
,.... . I -', ",:.:;"" ....-.;......:,:.,.',' '... _ ,:·~f~~~:..··,· .o~·"

3.' Fine. terrigenolls sand, may be..r,8~iuri.dant in the grain~~'ones.
. , .'~.' .' '.... ~",.,' .' ....,. '. ' .. '. ..

4.?T.he upperpadks to.ne,.:~~wackestone" aIld; lime 'mudstone may, be abserit. ,

.' '.,
• -,'; ,I' ,,-

. . '-'~

'(

TYpe: so - SkEdetal-ooid,qarbonatecycie

This"cycle (Fig. 14L"h6nta'ins in asc~nding o~der,:,
.' '. 0' ' .", . ; •• "'" ," .).,: ·J,i'::"';;;I~':.'·'> ; > ';;" .,' '. " '. '"

. a' skeletal-intraclaat grai~~toile, gr-a:ding;up' to (,
. ' \..,.', . .,' .~~,~. .

"'planar-"laminated- ooid gra·:t.n~tdne; ,
. '" .. . . . . .~...

3.) , cross-stratifiedoo~dgrain~torie'" ','

This' 'unit fonris "exte'n~i~e''sheets'u~t6 4'.5 m"thfck, , defined, by distinct
.. . " , ....:.,' ,'. : -'. ',' . . ". : _., -' ,:"'1 . ',".;'.: ':- .. '.' ,'.'. . _. ,,~_. " .~ .. ' " ': ... ~ . , ' ':, : .

basalcontac~s' that ~re ~~~~:'o~',~r~egu~ar w~th 'relief. of. '\11)' ;to O~2 m. ..... ' .

. Irregillar'de'pressions' ~oU].inon;}.~ave.la~ge:r.>loc,kS" of underlying~ock types ( Fig. ,'o'

. . '. , . . ", - . . ..,. . ." "\ . .'. ,.' ..:" " ' . , . .' ..,.' .

, 14.).' ,Lower relief' of a.bout 50,~· maY,be:;i.n ;t·he~..fo:r;m of,unidirectional
, . " ',? " .'.. " ",'.. -. '-, ,'. " ."

anastomosing rills' (F~ga.' 14, 15a) with.amootl} d~pressi6ns.. , The-~pper contact

.'

.. '". ~'

is;similar,' though not. always exposed.:".

J.,a,..Jtiops .~'thin .the,:un1.t: 'include: .

1) an absenc'eof p~bbles in the basal, skeletal grainston~;

2) mino,r bi6~l;lrbation'in 'the planar~la~'inated.grains~torie';'
, . 3) , ,a dominance of 'skeletal ,grainstone in the, thinner units ';

• o'o"'.' .' ~' •

4)8.' ;ariable ter~i'genous" s~ndeo~tent of th~' aoid grai~stone;_ "

5) dolomi tisation of 'the ,central arid, upper ,zones.' ',.

" ,
tJ Lithofacies

. .~~. ,- .
....

"

" ,

, .

. Peloid' ca:rbonat~,lithofaCi,es~ consiati~ ~f ·two .~i.nds,;,

Pel~:id carbonate dominant )..ithofac1.es;
-..,.".", . . . ~- " '..'!::,:::' '. .' L' ~.

Peloid 8:0,(1: skeletal carbonate:li.thofacies;" "

Flat":p~bbl'e c~ri~lome~ate: ea~bonate lith~facies;
., , .' -.....~. .::- .

'. Slteletal carbonate ,lithofacies,' consisting 'of twok:i..nds;

Skeletal c~~on:ate dO~iIiantlitho'fa:Cies;' .

,Mixed .carbonate .1:1.thofaciel:S;' ' ".

Terrigenous lithofac~es;ana

Crystalline dolostone lit~9faCies.

•The lithofac1es :'are: •

,~id ea.rbonl!te ·'lithorac,ies';10

11

IIp

TIps

IIIe

IV
lVs'

IVscp

Vt

YId

. ,. •
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.. ' Io Ooid carbonate lithofa:dies.

DescriEtion•. This11thofac1es· consist~ ·of bross..;.stratified 'ooid

grainstone, peloid gralns:tonk, Uii~or fl~t~pebblecO,nglomerat$ ,'echinode~
, '.' . • ~'. '.' ~ • ". It" , .

grainstone, and~ locally., large cOlUmnar thromboliticbi.oherms'.c(Figs. 6c" 6d).

Interbedded cross-~t~atified"sandy 'carbonate"'and'sandstpnemay J)e" ~bUI;'da~t'
" " " " .. ' - .' . '. ,'.' . . ~ . ' '. . ..L ". .

Cross-stratification is comm·onin. thefacies ,with indivif.1l1al sets uP.
. (>." .,... ;',:' - " . . -' . - .

,t one metre thick, t~ugh-Sbaped ~r<lsional bsses, snd moderately-angled'\

in ernal -St;ratificatton~ ':~,\l:lin lag' d~po~it of Bke~:~tal·4etritus may cover ·the .-)

base of· the .,troU:~hs and .. herringbOne,;r~ss-l~ina ti~nm~r 'b~,present ~ '~~6allY,'
centime·tre--sized vligs with quartzine" i~ning~ form ~ps~ud'ofuorphs after .sulphate
.. . '. . • . " "'.~ . ..=:-" .. "i' '. ••.• . ' , \' . .

. noau'les.;..
. :' .::,.... .

The grairistones. vary from ooi& to' mix~d ooid-peloiciand'~pe'loid

gra.-ins tonEt .with ~'-loca~ly ~~rialne.J;err·igenous .s~~d'.content·. Sk~let~l' fra,gm,ent,

grainstone:co~prises echinoderm~trilOl>ite"~ ";milior bra~hiopod, ribe~rioid>~~d' ,-:'

nautiloid,. fragments. These;'ma; 'be:gra~ationa~.or ar~ interbeaded'with the o.oid"
,"::-

gra~ns tone. . '., .-. ','
.:j

. I

I1.

This lithofaciesis coinmonly dolomi,ti~d:, and .is. gradational with •. '

massive cry-StaliJ.ne,dolostone (Facies VId) • 'Qua~tzirie~:ric~'chert' iS~OC~{lY
associated. with:. this dolostone and· dedolomi,.j;ewhieh- have a cAaracteristic

(~ .' ,,' .
yelfowish~'o.~·ange 'Colour. ';. .: '

StratigraEhicdistribution and."variations~.' This' lithot'ac'ies isexposed'

as ·mas·sive scarp-forming beds, and fOk-ms an,ext~nsive' lin.it~ up ,t~:60itD.··-thickf--;~-:-~:_--··-
. , . '. , . " .".... .' " .' '.' f ..... •.... .._.~

defining the base: of. the form,ation .in'Qoththe Burke River·Str1ictural Belt. and

the T9ko Syncline.I~ this occurrence ,it,is gradati9nal:withthe overlying

",lithofa~ies IIp ,commonly: with an increase:gf skeletal limest'~n~ content·~,
• ,~, In, the Smoky" Anticline r~gion, litll~facies r'i'S'COlliPletelY dolomi t-ised,
'. • ." . '.'. ....- '. . .:-.',..'..' ;i. ".

. .and recognised' only by the origin~l fab~i~s': preserved" iri chertnodules.. The'
:' .'. ,- ,". " '. ~ .

stra.tigrl;lphic position of thelithofa(J'ie~ iD.'.this' region is not ·clear•. Thinner.

b~dies, from "less . than. -10 }nto 40~' 'thiQk" , r~cur' witllinli. thofacies ,lIp, ";nd -;in

the TOkO' "SY1fct'ine, .th~;e bodie~" ove~Iie :·lith~fac'ies.. 'V~', ~hich:is~lsoenclo·se:d.
within lithofacies. Up. Thin ~trat'ifornibodi~s;lessthan,10 m 'thick, are

enclosed' in the lar'gerbodiesof 1.ithofacies '.:tllc an.d ::rVs, where . SO, cycles have

a dominant sandy' ooid grainstone com'pOnent.. ...-, ~

Peloid, carbonate lithof'acies

This lithofa-ci~si.~<subdividedinto two""groups, a peldid cC~rbo~)l~'c., .
• '.....,". '... ',., _.... "\13 ".,.{:;

dominant·li thofacies, and "a peloid and skeletal "'carbonate li thofacies. ;'Phe
'. . ~ .. ).

sU'qaivision is~ased. ori. the diversity. of sUbo~dinate qarbonate types.
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; .
extensive strata.

· I..Ip. Peloicfcarbonate dominant iithofacies

Description.' SedimEmt~fy\~1cl'~s are 'the basic com.ponE!~ts of this .:

1ithofacies, ..~ach' consi~ti~~fa~,range·:of,.carb·o~ate rockt;pes. with inter~
., .. '".' .. ··.:i., if) • ".' ',,' , "',' .:'_' " :"'~.'-,_, -: - ',' '. -: ", " ',',1,'/1 ":" ". '~, ." ,f' '.', .

bedded, poorly exposed, iIl1:Pure.c:a~boI1atesand·possib!esandstone~siltstone and

shale •.. The cycles are of' tYPe'Al-~ A2" A3 (eacll' cc>ri~~;;iriing Crypt~lgal"
·carbonates)" and 'tiPe 'P'~ cycl_ic·peloidca~bo.ril;l:te<,tn.:i.t~·de.scribedin.i,fig1,lre14•.

.' : .. ~. ,:. ,': .~'" '. • : • \ • , ,:.:;". . I I '. '.' ,:!"',', ',>::." ..... :
_Type P cycles .~re .dom~.nant and' some have 'channel-shaped basalJe.rostonal surfaces

(Fig. ' 13f). 'TypeA2cycles are unique tQthis.iithof~cies.,.c" . . ...

-The~arbonates o-fthe~e CYCle~" ~~~ pei()~d .g~~in.stone,.·pa~ksto~.
'wackestone,flat-pebble and roUnd-pebble conglomerate', intraclastandskefetal

· carbonates, "fenes'trate Cl;"iPt~lg~1.a.mini't~,biost~dInes'" d.omed .cryptalgal bioherms'~··-
~ .' - . . . '"

and lime mudeftone •. The bioherms h~--ye open-?rinkled, "close-crtnklrd, and, less

comm'only ~. sm'ooth surfaces·...

'Skeietal elements ~re riot commonly a dOJ;llinarit component ,of .. the '
.,. :'. . . _.- .

· carbonates, although:t,he contributing. fauna was diverse. Trilobites~

ellesmeroc'eroid nimtiloids,. ~'ibeirioids,bradliiopods,~hitons, and gastrop~ds'
· . '. : . ., .', . ' '~~;: ~ .. , .' . . . ,:. . . .

are commonlY associated .withcr.yptalgal b.odies.::\One gastro.pod, Ceratapes, ia
. - ". . .. . .~ . . .,' . . :"). _.' :.>. '. ..... ....
unique to this lithofaqies_ . .other fossils inclUde blastpids and' undiffer~nt-

1':' •

iatedechirioderms, .ostracodes, i,chno;fossils ,cal~areoussponges from- the base ~.df .,
the lithofacies, ~nd 'in' plac'es,', detr'i':'tus .of'caic~reQUs'~lg~esiI~h ~as Nuta ~ ..

". •.... . ..........•......~~ ..
Pseudomorphs 'of .s~lphate nodules and sUlphate~rystal:S·~re ubiquitous,

• • , -, .-"'. " ""'.,, .\1 .••• ", .

and are ~ssoc~ated, with minqr 9ccurrence's of',thin stratiformcoliapse ·:'bi-eccias.
. . '. . . . I .. ' ..... . .' .

Striped coloration of' the limestones,. c~~led 'two-tone', is·. common in thefi~er~

grained an!lmore bituminoUf! limestones. .' Lamination, bioturba:tion,and

fracturing are. enhanced with secondary·pl.nk,yeilow, '0; O~ailg~~'tones p~oduced by

selective dolotnitl.sation· and·ded~lomitis·a·tion.:·Some sk~l.et~l-rich laminae ·are·

p~rtially' or' ~otaily.silicif{ed-aIldchert nOd~les ~re ~dmm6Il. . . . _'1.
~ .' , . .'.' . . ',',".'

Strati'g~aphic distribution and' variations. Lithotacies IIp is ';dominari~

" in the lo~r part of the sequence,.. gradational ove'r' .the· basal""ooid lithof~cie~

(10) and interfingering withc~nti'~u~US' lithofac'ies·. In thei3urke':<it.ver·
J' ,

Structural Belt it varies from 30 to 340 m thiqk, and the upperp~rthasawell-

devet~ped 'two'-t'oI).e·' ·appearance•. 'Inth~T6ko Synclin~, the lithofacies ~ay be'

B:s thick as 51<; m'nth enclosed' bodies of lithofacies··~Io,.I:Vs, arid·Vld•. In t;he ..

·central Smoky ,Anticline :region, tyPe .A1cyclesare· cOmmon, forming prominent and'

. l
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, . lIps. Peloid and skeletal carbonate· thofacies

Description. This,'facies chs. a~t~rist:i.callycoJllpris,e.s thin 'beds of "

. fine ...grained pelb~<l;grainstOrie and' pac stoIle interbedded with.,laminae of coarse

skeletal gr~in~~one,'minor cr~talgal lim~~tone and .siltst~n~.. · 'Th~ skeletal, ..

grainstone co~t~ins dis-'ar.ti~ulat~dtr,ilob'i't~s,Silic~~~s.sponge s'pic~les,
brachiopods; mino'r b~l.lerophontid~astropo,dS, hYOli,~hid~,'and c~l;c;areous, alg·a~.
The base of the lithofacies is d'eiineat~d'~inplaces by a.promin~nt bed of '

- ~keletal, mUdstone ~ith" tri~obites" eChinoderms,.nautiipid~;. bryo~9ans, s.ponees,

and brachiopods. This bed gr!ldes"up, through ,pa~'ltsto~e intoskel.et81 ~rainst'one ,
... .."" •• ., ~ '" '. ", • •'0.:- " '. ,:. .. • .' _

wi th large~scale sets 'of; festoon c'ross-strata up to one metre 'thick.'

Locally, the lithoi-~6ies is 'completely dolomitised' and 'isgradational
• • ". • . '" '. '. - \' l • .... '.

with crystalliIle dolostOn.~ (FaciesVld). ,Skeiet~:t"hor1z'ons' a,re invariably'

silicified, 'and chertl~ina~. commOnlY' preserv~·biottl~bation.str~ctures,and .

skeletal 'o~tiin~s, in~hlding 'sili~e6us spong~' spicules. Where the 11thofacies

is totally' 'dOlo~itised,"'~'~'dim~~t.~ryfabriCsmay OnlY'b~ discernible within the

:chert. ~ . •
"~' "

'Stratigraph1c distribution and varil:ition~. :Li~hofacies lIps. is' known

only 'in the Burke .River Structural- Belt~:,< B~~w.n(1961).~~cords thickness
. ~'.

variations' from-21 to' 260' .~. Lo.cally' it ,:int~;tongues wi. th theunderlytng
';1 ..' " " -,

,. "" ; .
li thofacies IVs. A regolith ofpre-CretaceOl,ls. age, the ~wi'ft Format~on,.

ov~rlies the lithofaci~s with uncon~9rmity..
"...

,'1._

. ,

'\ t

crinkled surfaces.

III9Fl~t-pebble conglomerate carbonate lithofacies -. ,', ""- .' , . ." ", .' ",

Description. This:",l:;th:of.aciesl;:onsists oJcarbonate cycles alternating

with sandy carbonat~s andm1nor fine...gr~inedBandst9n~.
, . " . , " . f' , ,

ThecarbQnate cycles ~re oftypeP.and' A. with thin to medium beds
. . ,.',:. .. . .

dominated .by flat-pebble conglomerate,'iesseramounts of-peloid" ooid, skele.tat
, ,... '. ' . . ' .

grainstone/minor .packstone,cryptalgal limestone, and 'lime mudstone. Type

P cycles gener~llyvaryfrrnn the idealised 'forin (Fig. 1~Oin having thicker'

layers ofl?asalCOllglomerate' and an ·~bse~ceof. the.uppe:r.muddyqarbonate~~
,Instead; tops pf cycles are tenninated~~ycross~laminated:fine graiilstone,

biqturbated ill' places , . with overlying'. pl~anarto ir~egular erosional surfaces.

The, minor skeletal... fragment carbonates contain' elements', of cystOids and

undifferentiated echinaderms~t~ilobites,~stracodes', brachiopodS ;'and ga.stro­

pods. ' Ellea~e~oceroid "~autiloids,·;ib~1.r:lOidS,' ~~~lobi~es, and' calcareou~.. alga:e

are associated 'with cryptalgal mO\1llds, which have either close-crinkled or open-

", ,
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\Flat.-pebbl~ conglomerate· is ge~erailY.cl;laracterisedby 'conspicuous

solution .vugsontheund$rsides ,?f clas'ts,infill~d 'by;saddle dol~mite ~r opaque'
. '.' . .' ..... ..,'. .\ . . '. ..... ,/

. ·tedto orange calcit~s , ole'aI" calci1;.e, 'fluorite an~bitumen. Thin ooid ,lime-

stone beds are 'commoniy'pervasiVely dolomi tised.a:rid:l'dedolomitised•.
. • ; t . . . ." . . "'C'.' . ..'.' . • •

Stratigraphic distribution arid variatfons•. Lit.hofacies IIIc is'"

recognised only:' in the BurkeRiver Structural"::I3eltand in th~ central Smoky
, ~ ',,: ,':,' ..

Anticlihe regioI1, vhe~etyp~A1 c~cles ar~::~a!fd~t·.·:In.·the.BUrke~i~er .

Structural Belt, the lithofacies:i.s lens';'shaped'in north-southaection(:Fig.: .

10), thickest ~ Motint Unbumna~~o (130 m) arid .thinning to' 40' m'at;MG)unt'ri~t~on
in the south, a,nd60'm at Digby Peaks in tb.enorth~- In'thesmokyAnticline

region, only SO'm' is pres~ryed .in6utcro·;.a~··th~:tOP .of the exposed se~tiO~.
, . '. ."'.' .'.. ", .~ ., .

Lithofacies' IIIc· over.lie~· and irtterfingerswith lithofacies IIp and
". ", _.'-': '.' ,. ", 1,'\, t..;' ./ " •.. " ',' "~',:"', '. . ' , . "", . :

'gr~des late~&1IY'as well as.-u~rds into lithofacies,IVscp w1th an increaaing

'abwld~nce o~ skeletal'. ~arbonate: '01" intO' lithofacies" IVs' with anadditional

ab,rupt -'decrease"6f .'fl~t-Pe~~ie COnglOm~n~~-te:.~.--c_~._;----~_._-~. .' .

" In the MountNinma~oo'ana.Mount·Urtbunmaroo area, a·thin lens of

lithofacies 10 lies within lithofacies·tllc.
4.' .

. " ~

,'..

~vi Skeletal carbonate lithofaci~s

This lithofacies is subdivided' into· two groups: lVe,' a skeletal

carbonate dominant lfthofaqies; and IVscp, l(mi:xed" skelet.al-pebble conglomerate';'

peloid carbonate ,lithofacie.s. ......
~-..

IVs. Skeietal carbonate dominant lithofacies
..'

"'" Description. . Lithqf~~ies IVs .c()mprises. 'structureless skeletal ..
. /.~.~ , .

. carbonate vith lesser. amoUnts '.of peloid ,f,lat-pebble, .cryptalgal" ,and. boid

.carbonates, and. cross-stratified sandy carbon~tes'.·. .

Type s' skel~tal carbonste cy~~esand 'tYJ)e A3 '~~ypt~lgal carbons te ..

·cycles are. present "the . type S co,ntainingmainly eChinoderm an~ o'oidgrainstone~
. '. " -' - .. ~,; ~ ~,' ',..,', ~ ..
Type A3 cycles, th6ughofminor'\occurrence, arewell-developeq.~nd~ontain.'

conspicuous fene~tr~te\'orfenest~a,te-lamiii~te(F'limestone~{ig. '1fa):wlth'

repeated ind~ra:ted ail~'.,~1:'Oded, surfaces (Fig. 1S·d).· .Type SO cycles have 'basal

erosional contacts of i~i!e~ular relief(Frgs:---14";"~5ar~ ----~-.

· . 'Skeletal lim~sto~~s are dominant, formi,ng prominent thic~ beds >of white

echinoderm grainstonewith a coarsely e~ystalline appearance and faint c'ros~ ----
"'

· stratification. ·.Minorskeletal components, which also' form. separate, thinner

beds, arebra'chiopod, ostracod~" trilobite', ribeirioid:~ spo~,e spicule, and rare
. . .' \ "~

'" \!'.,.

nautilbidfragments.
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Peloid-ooid gri:linston~ is commonly-sandy ~nd' gradational tofirt~ ;san<;ly·..
I '

grains tone , with thin.cross~sets and herringbone cross-laminat1.on. ,'Thes,e .

l~mestones are commo.nlY.dOlomiti~ed,.p()rOus, and: friabie:..EC~in:9derIn'.1,imestone;,

is locally dolomit~sed 'and can be/gradational with crystallinedolost,one (Fac~es'

Vld).-.'_S.~liCific~tiO~is .both· '~electi~eofskelet~~,fragment~, ·and,mqre .

'extens~~e~~i~ ·Or chert· nOdule~ with~ crystailine dolostone. '

,. Strat1graphic' dist~ibution,and variatio~s.' Lithofacies IVsocql,1rsin.

the. upper part oftheformati()h in.the'Burke River Structural<Beit; being:

thickest at Mount D~tso~ (170' m) and thinning 90 m' ~t MoUnt Unbunmaroo •

.. . ~theifa~ie.:lv.inte~)i~er~';Hh:a¥ overlieelithofacie. tII~ ('fl~~:P"~~lej ..•... ,~
", conglomerate ·carbonate). and IVscp (mixedskeletal-peb.,l>le_.Jtonglomerate-~loid· . .. r)

carbonate) ..as ,well ~~ being laterally gradational.with·-iv~cP.Th~~'llth~'~~6~·~~·"··c"-~
'.'~ \1 . .

grades up into lithofaciEr~ tIps •.:Lithofacies,.Io~-oC"eursiasa30 m... thi'ck ·lens
• , " ", -, ... "I", '.. "

within this 'lithofacieeJ"at ~otmt UIlb·unmaroo. ':S---:=-:-:==" l ---,-..:... .~.

AtMount Unb~aroo,. 'dolomitisation·. is~: minimal t but ,becomes' more
, .

• extensive to the 'south,' where .~tis ,"gradational'withcrystallirie'dolosto~e

(lithofacies Vld) at Mount ·tlatson..lnthe. Toko,Syncline ,only.thin lenses of
. ':"~':"" . l"', .. ,.-,.. . ' ,;;': .. .'. .,...... .. ">. "" .. ,: . - . "'. ,_ ' "... .

lithofacies rvs, leBS than'1() m;' occur w1thinthick units o.f 'lithofacies' io

(Fi.g• 8,). " ~\
. '.-

IVscp.Mixed skeletlil-pebblecong'lomerate-peloid 'carbonate lithofacies

Description•. tithofacies IVscl> consists of carbonates' and impure'

.carbonates ~ the ~arbonate~ beings~eletat, fl~t"'pebbleconglomerate',and peloid'- .;~. . -.' .. .
,grainstones With. minor. ooidand cryptalgal earbonate.~peA,typeP, and·type

\
'. -

S-Ocycles are presen:t.

This 'lithofacies is asso.ciated wtth lithofacies IVs Cskeleta'l carbonate

dominant) in having a:sll1iilar do~inance of echino(i(n'll1 elemen,tsi~thel~kel~tal

grains tone , but also has similarJ..ties with lithof~cies' IIp' (peloic{carbonate
, " " ',' , ," ..../ .

dominant) and IIIc eflat-pebble c~nglomerate cat-bons'tel.

"Lith?faCies:,IVscP is het~rOgeneOus,w.ithho:dz~~sthat 'are dominant in.

one' li thologic:tyPe ~ .put .vith gradlitio~al' .variations. "It has been impractical '

to separate these into smaller units of lithofacies IIp;IIIcand IVs.'

ditional·to the.do~inant·eCh~nOd~rmg~ainstone,.oth~r,skeletal
. carbonates comp~ise brachiopod, tr1 ,0 '1 :J! ,ribeir~oid and nautiloid

..
elements. Locally the limestone may be dolomitised.

.\

. .,
, /

"
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Stratigraphic dist,ributionandvariations.' Lithotacies, IVp'oc:c~~,s in

',the Burke Ri~er S,trUcturalBelt atMo~t Datson, (50 m) and, atDigQy"'Pe~ks-.
. .,,-,' . .,.;. '" ..' >.,., .;'" . , ,,' "". . .' ::.,..-:.

(15 m); where i tIs truncated by, an un'Conformity, ,the, upper, 1;>oundary of 'the

formation. ' In 'th~Toko-iynCline'~his'litho'faci:e~ has ~,i~cre~~ed"p~oportio!l'~f,'
impure -carbonates. Here', it ~eaches j50: ~;but'\s' ~gain tr~cated, 'bY"the,uppe~
unconformity. Le'nseiaof:iithofa~ies 10, of:various ~hi~kness, are" enclo~ed ,in'

this li'thof~cies (Fig., 8)~. . " "
'. . . .

. -'''.

, ,
, ,

Vt.' 'Terrigenou's' lithofacies ,
!"

'Desct-iption! Lithofacies Vtcompri~~s ,poorly exposed " th:lt:l-bedded

sandEttone: in:terbedd~ with ;recesSive r'ock 'types, 'whi'qh 'do,' not crop out,., but are

ass~ed 'to be "calcare~us,':,s.il tst.one 9r very' fine-~rairied'.sand~~~ne. "Exposed-
. , - '. ',' ...... .' ....",.: .

flaggy san4stone is light coloured with dark reddish-brown we~thered sur,faces,
- '.' ".' ." ~ '. ;' ;-'.:.',' .. ,. " :1'.;,,". .' ':

and' well-sorted "and' consists of fine to ,ver,y fine sand-sizedqua'rt,z, 'fefdspar,
',-':--i"- '. ,~,.' .... ,'. ..... ~ '.' . .:.~~~i:"· ..

, and minor,' glauconi tee Plahar lamination, is' common; 9ccurring wit~ cross;;-,
,~...lamination..

, , .,." .

The sandstone has 'min~r meg~ciuartz c~men't' .andvEn·iable i:tlf~-rg;ranular
. • • ," • • • 'L'. .", .' • .

, porosit;r, resul ting, from surface, leac;hing' of cal,ct te cement.

,:Stratisr&phic distribution andvariatio~s~' This lithof-a.cies occ1,1rs iI,l

the Tok~gcline,withaproba'ble. thid~e'ss ot 130 metres, ,overlY,ing, ' .

lithofacies, IIp,~and ,overl~i~ by l1thofacies', 10. ,In 'the ,Smoky",:An.ticiin~ region,

this facies is:no'trepresented; ,tn"tlie fitur~d: sec',tion (Fig., aY" ,'~~t ~~~ificant "

occurrences have~been reported ~outh 6f·thi~se~tionline (ReiPold~&P~itc~rd, •

1964) ~
".' :.

"-

, The dolqstone, is light'6010ured ,orange ~ yello,w::or 'wht'te ,-and 'comprises ,,'

. centrimicronto miliiuietre-Siz~d,'subhedral'to~uh~ar~l~ry~talsot d~iomJ. te, .

min~rintersti tial sUbhed~alca.lc{te,and 'f~nelYdiSseminate'd, pyrite'.Te'r~'igen­
ous·compone~ts have 'a variable' ab~dance. Millimetre-sized dolomite crystals

.. ~ \J':'" .

'are coinmonlythe,saddle, dolomite,variety.
'., .f-" ........-

, \

.:,-1"<>,dolostone.

VIde Cgsta-lline, dolostone lithofacies . '
~~:

'Description. This fE;lcies' in~6rporate~ crystalline, dolosto,nes 'lacking
. '" '~,' ";,,.' ,", ,':",' " ....

relict sedimen~ary features. Stratification ,and other large-scale 'sed~entary. . '.": ... . . .

,structu~es' may be ~vide~£,:tromdiffere~~ial'weathe-ring or: oris'tal size", '
• ••• ,"' a' • . . t',' .,......' ... '.~ . . . .'. ;. " a ~ .,' • • '. .:. . •

variatiOIlS, 'but, commorily, 'fracturing and karst inorphology' ,obliterate these
. . ~' '.

features. In'places', extremely pock~m~rked vuggy'surfaces oc'c,urinweathered
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Where'si1icified .1~ye.rsare iriterbed-d-ed with ,thedo10stonebeds~,
,'<':c)" 'J, ,,' ,.: - .\~.~ ,', "-",~~~-_._-._.~-_~'~ ' __ \ ~ .

primary ,features' may be,p;res'erved in I.the~hert., Silicificationis apparently'
, ,,' :" ' ~ " \",' " \.'" :.:: ' ,':'" ."',' ,,', ", " "

se1.eetiv~ pf partieularrock: 'types"and" ' therefore, it is improbable that. the
, ".,: , ,.'" '- . .'" <.: . ",:' ,'.;." .\~, -. '.:'.. " .',' '" ' , " -.'. ~ ~' .
ehert laminae are represeiltativeo:! adj~cent inter1aminat,ed dolostones.' ,

'. i '~ . '.', : ,:.' , , . :':>,~'.' , ,,;" .\ ".' :' \ . ,... ,'" .' _ ' •

'Stratigraphie 'distribution and variations. In the Burke Structural' ,
• , ,-: ',' ~ • .:;:.: " ,'\ . " , ' , , , -~·il"";' , ,,' - ,

B'e1t, ' this 1ithofae:i.es is gradational wit~ other lithofacie,saIl.~is prevalent, at

the b~s~ of''the:foX'Dlationat~o,untNinma;oci\and M~unt Dats~n 'adjacent to;

,fau1ting~ as well "as the uppe~ost ~ '30 ui',Qf\~~et:ionatMQunt 'Datso~{~Many are~s
, .' , , , ' ' , ,",.,', " , \.

have do1oinitise<t: beds, but i' commonly, sUfficiEmt features are' preserved" for
- '" -\' ,

identifiea~i~n~o'f":origina1 l~inestone'textures.\Fig., ,8 shows t~e',exten~",of
, .. " :" ' , , " '" ", ,', '\ ' :, ',' ' ".,'-

, 1ithofaeies Vld and its eross-cut,ting ,;rcHationships with other ,.li thofacies.
, ", "", '- '\ " " ",," ,', ' '

I " \ :;,...• ;1·' ,J

'.\
;,

. '

Regional synthesis <tl'. '

: '''''v

Introduction . ~, .'

\ii th such, a, di:IL~~ity '~f 'lithofacie~,,'an .unders:tanding 'af '~pa tia1 '

're1a.tionships between themdurin8 sedim~ntati6ri:i.·stmpartan~.'·To ill·~s;tra~e the,

region'a'1' config~ra~iOn of, lithofaeiea. duringsed'1mentation', the, fo~atian:i.S,
'c6~sidered:~'~~hronostratigra.phicfraDiework,,(Fig.16)."Th~ chr(,nbst~ati~ .'

" : ,,' .; , , . " -'~-, , . , ' ' , ' . ' ", ' , , ~'

graphic units gf ,Jones & otheX"s,,(197~ ).ar~' 'us~d." The ,Lat~ C~brian Pa,nt~nian

is informally subdivided to' f~l"th'er ;~fine sediment~tion pa\\tern~'duririg ~hat '
, G'·' - - " .. '."- -', '. ". """\,, '. -

time. "
, ; ...

The crystalline dolostone'iithofacif:'s, a~s:t:·de~ositiona1dia:genet:i.~'·,
,"_.' '.' '. .', .......~<.,: ,- '.', " . ' .

, overprint, is, remo~,ed and' pre-existirig sedimentary .1itho'f,El:cies 'areextralola;ed' ,

into areas of this overprint.

Li thofacies in: Time ' '-'

Ninmaroo, sed iinenta tion (Fig. 16b) was initiated~1ate'Cambrian

with a generalea~'tward and ,sou~he~stw~rd mi'grationofthe'~oid"carbonate

1ithofacies (10) from, the ~orthweste~,·~egion. This basal,. 'lithofaci,e~ _!.~~~, 'ii .:,:'

~:::::::1:'o:~.a:k~n::~~::r:~,,~::::~::: ::::t::~t~::r~:alreRiv~r;~;~l
, ,Structural' BE~lt, detineating a pr,og~adatioIia1 offl~p in' these 'two ar,eas•.' It is ,o;~;'{IT~

;,::::a:t: 2~~t::i~~:~:r::::nw:~a~::::t~:1 .:1:ro~~ ~~::~1:::::1 on1ap ;~:r~
Struc~ural Belt (Fig. 5) which were both'previous1y _emergent. ,;.'~t~

~ ~~"" ~.,,:'':-~

".':","':-

/

/'
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By Early Datsonian ,tim~ '(01),theooid ,carb~n~te<l.ithof8cies(10) ~had

progpadedsouth,.w.ith .sedimentationo! the peloid~ca'rb6n~~e7dmnin~~tli.thof.~~ies ··'·.0

(II'p) being' establlsh~d o~~r.theve~,;te~n region, (Fig~=16b),~<TJie·~entral smoky,"

Anticlin~, a;e~t~atwas eme"rgent' ~ri~;>1;o Ninmaroo~~dm'e'ri.tation, agai~ bec~e
, inte'rmittently emergent' vi th de.posi ti~in 'ot~the" fla¥~pe~blecOngiomera~~,.>, .' .
carb()na~e 1ithofaoie~ (IIlc),' and, :totally ·emer~~nt:aga;iriby:b2t~~:",:~~.,the

extent· of emergence' in"the,northern smoky" Anticiine~a~e~ i.ncrea~ed"';lithof~cies·
, . , . " . ' ' .' .... ' . ' .. '. .' .'. . .' ~.' .. ' . ,...., ' .

rIrc extended east into the northern part of· the. Burke' 'River St11lct'\%t"a1 Belt and
• .' t 't' •

1. The Ninmaroo Formationcomprise8bit~inou~ limestone,lim~stone, sandy

":,' .

", ......

...

, '

limestone ~ ~olostone,'calcaxoeou8 sa~(istone'f:lilt~t~n~, ~d ~inorshale. '
, ,....

\:.': . ~"

2. The formation overlies the Upper CambrianCh.atsworth Limestone in the Burke
. ;.j

RiverSti-uctural Belt, conformab~y .in 1;thesouth, but ' with U:~~onformity in.

the, north. Over the Smoky Anticline area itunconformably overlies the"

.'

Domiriant carbonate t.y'pes'are p~loid and, ooid ~r~:LnfJt~ne, c~iptaiga).

'bounds.t'oneand laminit~s, f1at-PeblHecongloIller~te,echinoderm, grainston~,

peloid and skeletal' packstone, wac~~sto~e, :'~nd lime mudstone. '

west into 'the Toko ' SynchiIie region,' where ~dime~tation o,f"litboftlcies ' 10; IIp', ,

andVt (te;rigen;;SUS "lit'hofaci'es) had prevail.~d earlfe~.' ',By 03 tim'e;a

, transgression in the Toko, smcli~~' enabled ,d'eposi 1!i()~ or' themixed'~rbonate
lithofaci~s (IVscp)~ By 04~im~, a response in s,edimentatio~ to this ho~

\ ,: ~ ,'.. ,', ..' . ".:: ,3:.. . ... '" t, , :." .. '. ," \. ...",

regional tr8:nsgre~sion'also occurr,ed in the Burke,' J9.ver Structural' Belt~'except

in the Mount Ninmaroo-Mount Unbunma~oo afea ~ ~he~e, ~itpofacie,~.'IIIe' depo~~tion
continued Under intermittent emergence.' N:j..nm~,~o."sedime.rltat:ton'ill the western

Toko Synctine region a:t, this :time sl~wIY: ~~ced:'ed':sou~h inre~ponseto in:cr~8.sE14:
, I ' .' • .~.. . • :, ,. ~.' -~ "," "',' :, "~' ',", .' ., •

, terrigenoussedimenta~ion of the Ke11y Creek FOrin~tion-to the no~t;h.:B1'OS."
!' .'

,time, Ninmaro,<;> sed,imentation 'was only within the ~~rke'R'iver Stru~turaiBelt.',;;

, ,Deposi tionofthe 'skeletal carbona~e lithofacies ; (IVs'),';u'ndertheseconditi6n~
, . ~. , " , . ' " .... ". . .:. ..'. '. .' " .....~.:..".".',' . .~ :. ,

, proquced a :progradationalofflap.Deposition oflr~'t,llO,f8.cies,lIps began in tlie
. , . :''-'':., .' . :. . . -,~ :";,,, ::~ ''',. " ,.,' ,- \ :,". -' , ". , .

north' of the . Burke River struetural' Belt and prograd'~4south over 11thofacies ~'

IV~. BY, 06 time, this 1ithof~cies lIps dom:inat~d~;Ni~~roo se~imentation,.Which

continued, into 07 time.

Dolostone is mostly a se.condary rock type' after. limestone and it co~only'

:"~ lacks pre-;exis,ting s~dimentary '~ex'tures" ' :' ' ,



.. -44-
,~ ".~"

\ ' (

M:i.dd~\fambrian ,C~~oowe~l 'Dolomite' andMungerebar'Lifue~1oneinihe, ,north ,

while-,?:~6: i;he' south i'ts conta6t wi.th the UpperCambrian "Georgina Lim~!3.tone

istipp~r~~tlY lmc()nfbrmabl~'. This relati~ns~ip'l;>~~~IIles co~,foruiable in.t~",
the, Toko Sync11ne region. ~;ther, west, the- ~ontact' rl tht:he Upper " '

. "', , ,.... '. "', ' . ""', , . ,'."" ",' ,:, . " ','. ..',;.,,'.. .':, "',', ..f. '. '. "" ..,

Cambrian Ar.l'inthrunga F<;>l"mstion is' complicated by taulting •., It is inferred
f., . ",..-. ,..".... ..,' ',' '.". .' ~ t., 'I . \ .. :- <, . '" .' " .

,to ,be an unconformity.' :rn t~ia aI;"ea, the Ninmaroo Formation, interfi.'ilgers
• '~"" ",~;';'...~ •• " '.'. , " \. • \, L • • ' '. •

west~ards withth~, TODi~awk :Beds."

.~

In the ce~tral Toko Syncl~ne ar.ea, ,the. formation appar~ntlY. interfingers

with and 1s,:',overlain' by th~ Kell.y. C~eek'Formation. ,El~ewhere,the upper

'contact, is an erosional.·suii-~c~.',TheNi~a~oo·.F.o~ation'is exposed we~tof
'the sn{ok1''"Anticline' ,and north of the--Tako Syncline.• ' "

,.

In the Bufke River, Structural Belt, 't}le ,'formati.on, is overlain by' the Swift
. ',.' '.':<..,.' _~ ...'.. '.':.' ,~ .. ~., '. ~",' . ..,',' ~':".' ... ', ' .. i" "... '~",", •

Formation- in part a 'regolith, of ~p+e-Cretaceous age. The '..Cretaceous', '

,Rollin~ DO~SGrOUpoverlies t~e Niximaroo'Format;ion6v~rpa~lo:f,the ~oky'
. ,".. • . . ~;.•.• " . • . "~~ '~~. ," '. ., '. ~ •. : .•.. ,.. ',':' ', •. ,'t.

Anticline' and' further, east, where it is not overlain by the Swift,"

Formation. "
.'

'I" '

IV,

10

11

IIp

lIps, ,

1U:c

cSix lithofacies ar~recognised in the Ninmaroo ,Formation:'
, , ~,' ~

" Ooid carbonate lithofacies ;. " . '." . . .

Peloid ,carbOnate' lithofaci~s,consis~.in~,o,f two: kinds,; ,.'

,Peloid carbonate dominant 11thofacies';,' ,..

Peloid and-skeletal' carbonate li1;h~:tacies;
Flat-pebble conglom:~rate, carbone.'te '!:Iithotacies ;

Skeletal, ~arbonate lithofaci~s·,consisting'of ""wo ,k:in,ds;

'Sk~letai~arbonate d~minant 11thofacies;
.,';1 .

lVscp 'Mixed carbonate lit:Qofaciea;
" " .' '. .', • I. ,

Vt Te~rigenous lith~facies; and

Vld ',Crysta,ll;ine dolostone lithofacies~, ' ", ,,':-'

These lith~facies'containcyclic deposits' which' resultfram ~edim~ntary.

cycleS"~ .• Each cycle is .a·'disc~ete ~vEmt<'o~ ~elat~d:p'rocesses' ~nd is '
. . ',. . ',:' ',,'-1"'*' "" '

,represented' by a set order of asso~iated ro.cktY'p,es.,

4~'"

Three carbonate cycl~s are recognised:

A cryptalgal carbonate cycles; which, ,c,an be further, subdivided into

A1 cy~es_with' cryptalgal domes~ , ,

A2 cycles rl th: cryptalgal dom~s and planar crypta1galaminitesj,

A3 cycles wi th 'planar cryptalga.lalIlini tes;'

.,' q

, .
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p ." peloid', carbona,te' cycles; ,a~d
. . . ., '.~' .'.

•. t,·'· ,'.
f; .' -; .

. '" .1

, . SO skeletal~boi.d carbbnate cycles.:",
, " .

.~
.- ,~ ..

'. <
: ~ .

'd

," :",
" .li thofacies ." .

Each l:lth<;>facies matcorit~inon~ 9r more~cy61e type~., ,It is the rej.~:~ive

.abundance ,of the cycles present a!1~ t~~'~'r, rO~k t;~:~";"ihatcharacte~~~~ the
. '.

5. The N'inmaroo Formation' isa diachronous' unit that youngs '.to t~e""east~nd

southea.st., SedimentatioA coIi,~~n~ed fromthe"Payntoni.ari' ~Lattcam'b:rian)"to
post-Warendian (Early OrdoviciEui) ~ , ',' ..~.

r··
,"

. ~ ~. _. ..,' '-',' '. .:"."/.'1: ';:.. '. ' .. '

In thtsprogradationalsequence, the basal unit was the ooid',carbo'~a;te . \ ", '
\ .", ... : . .. ' , . ,'. . ,:.~:'" ~ .; .'. .'. :' .:. " .

li t'hofacies (10) ,whichconfo'rmabiy"o";'erl.aid." o~' int~~fing'er.edJ'ith;',the',' ..

'. ,Ge()rgina Limestone. iri,t~~.~o. Synclin;';t:md ,·the. 6ha't~wo~th'£im~~t~ne "in, the"

southe;~ Burk~ Rive~St~~~~~r~l.'B~l~. ':th both'> ~he{:smo·q,~tL~l'~~~~'~egiOn • '
'.. " " . " '.'...'. j' ,~.<, .•" ,- ..., ,," ,

and. thenO'r'thernend',of the Burke River: st~~~tural :!3e'l:t;( thislithofa.'c.ies
• " . ',' . .," ,...':to:'. .. " '.., . '

·overlies 'Upper > Cam..bri~n :formations unconformably.~ "
. ~ .',.'

. ~:~
..

, ,.,'

Interfingering' wi th,ami prograding'!s'outheas~wards'over the" basal
. ' ." .'.,." • .," • ' • . j, ,

li thofacies w~s.,the, 'peloid..;~a':rbona"te-d'Olninantl.ithofacies (tIp): InteI'l:llit-
.' .-,. '.' ' ,':.•' ,.' "'.' "." .. ·/·i:,·"· .. ~ :~ ":.' . ~.•,' ',' .. '

tent ,sedimentation of the terrigenous.{l1ithofacies (yT) occurred :j.n:t~e Toko

Sync line •. ' ,;,. ..
;..

. . '

., ' ,

" ..,
','c.

·D~posi tiou'·of the 'flat~pebb1~congl0merat~,garbonate ~ithofacies"'{IIIC) was

occurring in 'the ·nort'her.n Sin~ky Anticlin~·~~:but ~s .thi~. area "be~ame'~ .

emergent, '1ithofacies 'IIlc, prOg~,de~'',S()~tl;t.¥aiastward~~nto.\hE;; Bur~e'.'
"" ' .' ."..... '.

River-Struc-tural Belt and. the Tpko S~cJ..ine ai'ea,_

..•..'j
> ')"

J
I.· ...

.;",.' '.',.. , ..... '~

In the' Bur.ke Rivel" Structur~L Belt ,~sedim.entationof the skeletalcarbonat~

lithofacie~' (IV~)resulted 'i~ P~8~~~da'tional offiap,.to the south;.;: f~li~~ed
.by'the peloid":' skeletal car,b6nate dep~si1;io~{lit'ho'f~cie's IIp~).' .

.,. ..
Deposi,tion ~fthe nil~~ed carbonate lithof~cies~IVsc:pt'ensuedin the Toko'

· sync ~ irie ~' ,blit' ;~s'";t~rriiiIlat ed-wi th ~ncrea'keq;:t$.!tigerious dep~siti~ .qJ' the

Kelly .Creek, Fomation •

, .'

'. ~
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Ex:podea section of Ninmaroo FOrmi3:tion.' :conformablyoverlying theChats'Worth t

LimestonE{on the limb of a fa~~t~di:dome;:,' MoUnt'.U~bUn~ar6o,~the t;,.p~ area. of'

the Ninmaroo FormatiOn.·Bouiia.1;'2.50·-;oo6sh.e;t~r~~,·.Q~eenslan~•. ,','
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Swift FormatioIlregoli~h" uncon'rormably 'overlnng ,silicified 'echinoderm .
.. '. . '. ,'., .~':' .. ':.,;' '. .,' f .' '-. '. '.' "
limestone :of LithQfacies IVp~Niiun$iroo F0!Dlation_at Mount Ninmaroo.·:·Scale,
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polyeonal·.in· crps"s~sectioh~· Bioperms.
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..are up~ to. 'fourl .metre·~·'in.~{am:~ter.
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.. , d. 'Rec'onstructio;~:Of-the·mOrp~o.iogy;Of..~~o~~n~r·b~Oherms·.,w~thin.·~ida~·.,c~aI;l~kis
. 0 the oo:L5i.·carbbnate.,'.lithof'acies. 'Re.lier was' apprb~illl.ateiy '.2 'metres • .
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FIGURE,10
,f

.. : .

a. 'Silicl.fied~urf~;ce ofaclose-crinkledc:r.yptalga-lm~undsho'w'"ing. the:

appar~f growth 1I1orPhOfog~~.::'sca:le1s10 cm.' 74712340.\
\

\

, '

.~

-.~ .

b. ' Cross~section 'of a close-cri~led ,·cryptalgal moutid wi thbt;anching 'columns,

containing r~g}llar" gen~ly '~o~vex· lanliIiae~ '. :The .·su~strate~fth.e' .Dioun.d~as '
.·.·f

a tepee ·structure:with·an eIlclosed sulphate nodul.~. 7471:5(38.'
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'¥ast~mosing columns wit~~l~nat,,'fe.hestral:-l~hha~ced faminae.

,ribeirioids (R) are attached:·tqthe coJ.;uI!mg';t'···74712597 ~. .,'

.,.:../.:.,,).~. \.\: .. '1..,..",
• f " ,', .• : ~,:,"',),' ..~. ,:.....~ - • ,"'

Unbrancheti·columns with gently. convex: Iaminae.anq,d~r~'per~p~.eJ~l~'!

encrustatio~s '(E) ~f ,,,~~ide~:~ifi~q,,,caIja;e~us' organ~spi~.. .747?'2598•

-,

d.

c.

. ", ",-

," ",

e.
.;,,' • . , , '. . '. .0,..:...: " '. }f".

"Atol).." stromat61ite with a peripheral zone of vertical ~nas:tomosing"
. . . .' .. ' .. .' ~ . '. .~., . .' . ,

coluni~s and a.cEmtral.depre~sio'n.::fil1edwithsUbparallel~lga1·~a~~".: ..,

74712484.
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. Horizon of .planar: cryptalgaiamiriite~w:ithinarked fi~'Bittty of .tne, be~~.;.
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CryptaJ,.galaminite:wit}l: fene.~tra·~~::18.tUin~ean!i.~h~"inka.ge

. ',"

74712618 •..

\
" \ :..

Laminite of ·PoSSibl~·.c;YPt.alg~J,o·ri.giYl:has·al'terria~ing.l~miIlae O;'-'f~e-
, .. ", '':,' ",.:...~:.:<':.>;:>;:'.;~ .._>.. , "',~ - :'.- :'.,',:,:...;:' .... "",' ",' ,.,' ',' <',' .',,", ". - . I

grainetipeloid. liIll~stqnean~ lighf-coloureddedolomites.·· 74'l1261~•.
• • I • , ".",' • -'. •. . .' •

Gryptalgalami.~ite:dominated :'9Y. tubularfen,estrae, the dwelling:bU~~oW's of

small suspension feeders .14712660:.···~. ....
. ';~ ..',:...

/ ,:

c •.

b.

.a·.'

.:.',"

·'1.

',.".'

,,". _.... ,.'

Erosipnaland reco'lonisation .featurks within'a :cryptalga,l. mound •. The·

cuspate' erosional surface· (E) ·on:~:s~ei~tal~~.ichthroui~'61·i,ticboiirid..~~on~.~s::­
' .. encr~ste~. with irr~'~uiar' dar~lain.inati6h~·of·qirvaneiia;.·;· OperhG1-inkled,'

. ' .. .' ',' ,-' :" ", ., .."-.,'.~ ',,:,,: "'} ;", .,-,,-,""'..- ,', - .. ,'.: . ":';': ':' '. ,':"'.' .', - '.
stromatolitic growth~'pa,ve:grown. oV,er:,thi.s el,lcrusted surface •. ·7471'2645.

-.. ., ',.:': ':';," . ";,:.';:'"" \." ," .. ; " .....: ::,',.

.d.

e. Peloiid gr'~i.nstone with peloids. (d.;:"a,r(ea,s.h~pe. and size~ PeJo:Ldsare

pr,bb~ble.triic~itis~tio~n· :.prbd,u:c~t~;~:fter ~.o·id:,S')::~·grap~s tone,;.anq \~tra~la,~ts '••.

Ins~~e·pel:oi~s,,,the.t'el{.9.t :;;fabr:tc, is; s.t..i11 ~vi~en~ ·+nd~ntral. ~a,l tered, "
. z~nes •. Ph6to~ic;o'gt~ph.,.pia~e~p(Ha;i.~e,d'11gh1~/74712390.· .."'. : .
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C.oarse intra'clas.t.~d~k~~e.~ai·~et.~it~S/.~·::~lqid..matrixadj agent ?;9 .~.~".0
strom.atoli te, ~ead~ ..The .• intraclas~s.\·Ofir~eg111ar.va~ie~;·Shap~',are ..prPdf~' ....•.
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FIGURE 12'
..

a,: . :~Flat-pebbleconglOmera.te:~6nsi~t~ng of rounded disc;...shaped g~~nure~~"~ild"
Pebbles in iIllbr.·ic~ted· faoric. "74712038. . e' . ,. ' .. '

.~ . ,.-
... .,',' ;: ...~

. ,,'

b.

\ .

Recu~'ring ero.ded indurat~d~~rfaces (1) 'that"~t~ overlain by' ':fl.~t-p~bble.~..···

lag de,posits.· The 'conglomerates fiIl.e upwards to another indurated surface'·.~

74712303.
.,'

, ...... " ,.... . >

\ .

:; '.

, ......
'01

i~ .:" .

.' Round-~'bbieconglomerat~bed's form thin' l~g"~dEjlpos(ts o~er. 'i'amirtiite'~ peil~.id·
'--

'packst()ne and wackestone. Scale is. 'in 1. cmil1-crements. 74712634•

c.
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~, '.'. ~ ..... - -- - - - .. ' -- ._.. -- . .

Edg:eWiseco.i~!()~~r.~trtha~· is -a~j~~.~-~-..t4~~~~~'~rrl~:~g-· a-l"-';~'?nd~"~~~~~'e tab~lar
..,.elas ts are subpai'~llel and packed. stilivertioally ·within discrete bands .' ..

'.' ',::: ~.' ..:' . . .,..
• .... :. ':.' . . ,.: "".. ';.: '.', ·iT· . •.

• d.

. ( ..
...+,.......

..., ..,

. .~,

'.' .-
",

e. Ooid 'grainstone co~pris~iilg'pa:ft-ialiy'mi'critised, 'ooids with poorly preserved.'

dOriGentri9 fabrics •. These ~rep~e~.~nt in>th~ .:;ro~;~~~tra~~fied·.gra~~es.~
of Figure 14" (f) ~ "'PhD tOIII.1crograph, , .plane:"potari.sed light. 7471 2658. '
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FIGVRE'13
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Bioturbation-mot:ti~dand laminated ·ooid. grains1;one;wi th darkp~tches of
,,"'. .' . .' '.. : . . '!. . . '. . .• '.' •.

bitumi~ouslimesto~~.~nc.~se~.i~.a light .~~·loured..dedolomi t~s:e.d, h~·st •. ,.This,

ooidgra1nstone is' cbmmo~yasspciatedwith"cryptalga.l'··lim~one~· 'GEO 263

section,: }36 metres. 'Scale"is 10 cm. ",' ~_ ..~

.'
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'<-~.
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~' .

platel~tsand' co"lUmnal s .¥.ith '~el1- ,
. ' . . . <;. - .'. '.:. .~ '. .- .

Photomiprograph" plane-.pOlarised light •.'.., - . .... t~ ",' . ,', ..' .: . ..
, ~ . , ~ ...... ' '.

ch~ractefistic of

. '" .-." 'I",

Spherulitef;lc with dominant radial fabric ·andv;ery.sinail nuc'lei, are
,';.' .' .;' ..,:.'~,,~'.". ',,,,",: '. ,,~.-.~ .

. ooid limestone' (Figure 15a) • '. Photemi:crograph,.
5~6c;;;. ..... ..... . . ,.

•

, crossed .pol~rs.

"

'. i. Echinoderm grainstone compris.ing
, " '. . .

" ·.developed ·syntaxial.'ceDlent" rims'.

. '74712276 •.' : .
• . '. "'. 'iI

b.

.,'1>

." ., ....~ t,: 'f

..... . '.,',",'I

. "/
o~ " . ' ,\ .

~ioturbated mudstone with bothCQ~~~e mo;~tf1.n~'Jro~,~::l)Osttf~~de:rsi:~~~
.smali'subvertical ..·burrows'froin. infauriq.l suspension' f'eeders. ':'These small

. . .. '...... .,., ..'. .-',; '.. . '. '", ,'"

,burrow:s are now" spar~:fii~.ed. 747123QO~

d.

,.,' ....
~' ,:

."1)'

, .: .... ..
, _.....w'. \ .':..' :.:'::" '•. 1 ',:' ....", ~.,' •.'~',:.' .. ~ ",,' . .' .. , •• ' ....

e. • Shrinkage cracks wi thindeddlomitised,mudst~ne are deformed" 'probably by·,
.,o~:::'. . :" ..' .' ~ .. '. . '1,;:--" .. .' . I .~ \ ", • • ". '., •. ':." • ". .': .' . "'.

earli"'compa~ti::pn.. 'Th.e '~}!<ist:o.n~· w.as .orig-;i.nal~y.~i~r(m:-size?- ,dqloRfite but
. , ' ,...... . ,.,.", : '. .. " ... :'.p. .,' ..... ". '
has sub,sequently peencledqlomit'ised.( 7471262~."·
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Chanri~l-scourc structure wi.th· ·'~entlY slop~ng' b~nk.s',~u·ti into .Und~rlying' ....
0.. . . "~' .." '. ", .. ' ,.,; ' "~:"'" "_',." :':::,-':' ", ''':,''':', ,.:',:J ',.";: ,.. ;" >.. '. ':,' I, ." ,,' :~: •. ' ,

.sedinient.·~he; 9oar;se ,.,)ie'~!~;i~Oi"ted.lag .df~POsi t·with~nthe chanri~lis·p.ow .'
, , . , '.' ,.. ,' ""':,.. ,~",.,.,,' '.',,;. : .-::-:~-'?:<' .:"'.""~~.,' :.:·.-1,".... .. :"':'. '....... '.:: ". .' .. '.... ," .':.,
. be t t er indUrated' arid'l!1or~ ~ :~.s is'tant to 'weathering .than, the underlying

·sediment. 'GEO 202: S~6;~iori,' 177"met~e~.. '. ' '.'
........ ~: ..: .. " ..... ';

" f .'

',.~"

, .:: ..
.. ,

,.:•. , 0 ,':'.',

',~ .

....,. .

> .

'. '..
.. \':' .';

" .



I':

.'

; ,

,
,'I.

..."

, i

.:

1cm'
.:.,'

I' ,

" -,
,,., 10cm"

Figtfre!13
I ~ l \ \,

, ,

,1.,

1 I','

, :'

, .
....

, "

...
1~

".'

" ,

"

,1 cm
....

, \1

,I
l,1/

. ~ i ..

';1

',. ~, .. ""



')

..
..

FIGURE 15'

. .'

.~ . ." ..

a. ., Cross::'sectionof 'a. groove with an abrasio!i:'::smoathed ·anci-iro.n~stained l~·wel.' .
, . ., .. ", 'r. ;., .. ~. '. '···-":~.'l·_:: ." ".~.' .. ~, "'. ",.-'_', ,'. ',.". ,",' .....

·'surface. that truncates .poth ceJ11eIlt anq. grains' f. the. ooid grainst'one host.
et ~ , _' ..•. . " . '.! ",r; ';:;':.. '. . .. \ ". ":'. " ..1'.·.. . _ . ;',. ',' " . '. ' ," - .. , ... ..' .

. Th'ls eros.iona~ feature"has 6verhanging·wall$.~ob:j:iqueview of this· .

:::s:~~n:::~f~::~~~~7f:"t~:~1 ~:5;:~~ as' the ~salerosii""l sl,J;.face Of3,
'.' <: ~>., .,., ,.'.

I. :

p.

'!.

b •

~ '. .- . .-" ' . . ":"

"An i~r;~~lJr·:in:t;e~a:l.sollItip'ricaV~it'y ,within a' cOl.timnar·c;:ryptalgaL m.ound t .· .,'
. . ':.'•. ::"'. '>~ ...;"" ....'..... ~... ,., ....• ",' . ,. ' •. '. ,", •

.infilled by ~'stalagmitic cements"'which ha'1e. co~vex·i~inat,iqn..c'L) ,a'nd", .. t

ceiltil~~ ·;r~stal·.cerd~n·'(' f.abjic~.7471-271:'4·:':,,::·'· '.: .'

,.

<
" .o·

.to>•.•

. ....

' ......
::.: ....._.", .,....

. '.,

..~

".; .

,..... ,

,~•...
....

• ' f'l l~' '1 ; ~'.

cusp~te e~osl<?n!l1 ··;n~fa~e·- (.s)~.within· acr'YPt~l.gal)nou,~d:·,'Tbe .~us'ps :~re-.: ,---
" ;')", ,. • • .' . . .', _:. . '.' :'" .', • ;. - , ".~ :,'.;. '.\ ".•.:~,:.:)._..' .-'1'" ,

.. probable b(q·erC?s~.o,n·pockmarka~produced.by. grazers" such 8S- chi-tons ~'I ..."Chi':tQn

and nautildid(~n' 'fI"agments ·~r~· boun.d.:i.rito"the~ uppe~;'en~~~sting ald~f'\'7 ,'~
•~. ••••,.,' ,( " - " • ' • ' "••• ~. '.' -~.--..: .. :", _ •• _: •• ' '.'~.:_.".-:' j, ... ~.

boundstone.. GEO 202 sec tion " 433 ·metres·.:.; ",,' '. , '--~-_._--''-.~,
.. '~ . . '" "", . ' . ,: .. ',. . '. . . . a. '.\. .

~ ., . c.. .,;=,.\
t

c'.

:~ " ~.',. '. '..

.0
, .

~.,. ..
,'}' .....Q •

,',' .:

. .
's. . . ",":' '". . .. .' '. . ..'~~. -:: , , , '." ~.~' "_ ... - " ..,

Sm6otr.edplanar erosipnaF su~fa~e·ov:er~8p'·'tnd.~~ate.tLcirYPtal~ai.~iqit'e·:'.
. '. ~ . . ',.,', "".

Not~ the_solution-enlarged fractu~e~' Caio~ete;.ceme:hts'·eti~-rustan.d'·
" '. . . ,. • • " . . .' , :. \ ,0... ,', • . :).. ,'"')

. .., '.... :'..{.. . ""'. . ..•.
" PI:l.t.tiallyocqlude·fenestrae .' .. 7471232B..·. .; .....

.,;.'..

d-•... ..
'.

'ftj • \

..;.'~

•• 10\ ' _",~.~ ',;~ ". ~ .....

. c .•.. .'. . . ..•. '.> ,., ..., ,'> ..' . .,' '.:;' ',"~)-
9li~omicti.~~c,ollaps~br~~.~iawith, stY,lo}it~'Penhanceg.:pl:()~e~.~~.~~~·4~,fabr.ic':i~~

biotur:bated' mud stone ... 'The',m.atrix::;;is· .d,oiomit~and irori~stain~d' calc:Lte', ,~: .::.
, '.. . '.' ,',.,' "''':' .. ".'

e.'·

..... . '"

". '.'
• <It' " ~ , , ':" ' • "1

", .

747126117. "
..~. " ..:

'~"'"
......

~.\ '

, "':1

q. '

·v:, .

''',

. '.,;".

.' .',...
'",',

,:,''''.-.;'

, t'., ..- .

ql:iert}lo.d>ules ·wi,thin cryptal:galamiriJ,. tee; .The Jl~dule'; shapes corif6~to,tpe

~~utl'ines bf .shrinka~~'poi~gon~",( a;ro,wf3} in· th~~host ··se~im~~t••• · '~i th~f'i'Cie,S
'.Hp •. , Scal.e. 1s10 CJ;ll~,.74J12623..·"".': .' ". '.. . ../.

.. ,'.'.,

'f •.

....

'.' '''''''...
"

I' .

..
"',

.) "'.

.. ....

, "

:", I

A)
.." '.

. \,



;.

'.

.:

j', i',

":.'

, ~.

.....

~ ~ '. .

.. .
", :

'::, . ~ ",'

~r ''.. .

; \'

0,,_, •

.... -',

.:.

" '

.'":~" .

!'

. " ~

'\ I

'.'

'....
, ....

.~

,,/,;..

"I' \or.'.\

PJg~re1S
" '.'~ ... 1 " ' ':'" ~

,

; ',.. ; '.

I' ':,'

"\ '. ~l '

~ ..

\
,,~, If

".:"':"' Of,:

, ~, '

.". ", :':,

''':;;'':.,

.:'.

,.f,.

'\,

. ". ~

,.
" "''','

c
.'.

"',

,:','

• >

", .

, ,

.V

',~::~..

. '.

,.

'I '/~.....
. .-:/;'

.,

:....

.. :l., ..
"~"~ .

...;'

.~ ,.:\.

"

" t'"

,"

.
>.

, .

, ,

, ', .... ,...;.

'. ?{

. '

•

1cm

,.
'\1'

, .'

:....

.-

....

<",' ", ;",

.~. '4

",\"

f
,'1,

" ,

'''';r,

! ~
"

,;:,'

.. : .,' 'I ';., '

,
\ .. ...,.,

). ,

" ' ... ~.

.r

"
, .

..

"

"

. "

,..

" :

'0" ,I, <.'



)-.

'4:'

.­" .

,.

APPENDIX I

,
~\'

. )

~.

..

\

o

DETAILED STRATIGRAPHIC~SECTIONS

•

• f



·,
.;(.. ~d!".~

-,

,
o

,.

". ~ ...

.,- J .

bayout

\.

".

-53-

, J.

Explanation and legend for stratigraphic logs

right:

,Stratjgraphic logs are arranged in 8 columns ~hich are, trom left to

6. ~ ,Grain size O'f terrigenous component in

.,

. j.

1 :

::'"

3 .

4.

7•

Scale

Graphic litholog

Sample" horizons

Bed~i~g th~ckness

Sedimentary structures

Abbreviated description

.. G

ologies

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 Yitholog (Column 2)

"'"The left side of the graphic log is ~ generalisation of differential

weathering characteristics of the sequence. Gradational contacts have rio line

separati:o.g symbols which are consequently merged.

Cl

',.
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~ limestone

~
-"-'

dolomitic
y,~'J

limestofl'e -

....

~ calcareous dolostone
<:'

§ dolostone

...

~ interbedded limestone and dolostone

1 I
I I
. I . I
I ,- I
.. I .. I··
I .' I ..
- I - I

- -

D". .
, '

D·····.. ...'

., .' ..

a
~ 3 I,
.J 1 ' I

D

I,imestone

sandy

sil ty

shaly

sandstone

siltstone

shale, mudstone

chert

chert nodule, chert stringer

,..
no exposures

I . ,.

.0

'The following symbols may be superimpoaed on the lithological symbols:
\-

o conglom~ratic

A brecciated

.'
~ calcareous

Q

d.91omitic

vuggy
\." "

T'·
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Sample Hdrizons (Column 3)

Sample horizons are indic~ted by arrowheads and the accompanying sample

number may~e followed by sample type:

P' - petrographic; G geochemical; IR insoluble residue;

C conodont; M macrofossil. Sample descriptions are on permanent

f~le, Microfiche CPDMRXWG, Bureau of Mineral Resources, Canberra, Australia.

Bedding Thickness (Column 4)

r:
- I

CZJ
CJ
c:

"

very thick

thick

medium

thin

laminated

100 ems

,35 - 1'00 ems

10 35 ems,

- 10 ems

cm

, Sedimentary Structures (Column 5)

-- lamination
--'- cross-strat~fication

--'- cr6ss-1~ination
,~

~ ripple marks

.."........... undi,llose bedding <
/\.J'\J erosional surface

~ bioturbation horizontal trails
~ I

~ burrow

V shrinkage cracks
.1..

,

Terrigenbus Grainsize (Column 6)

1•

2.

vf: :, , very fine sand
," ':J

1;:,: ,. , ~~! ,,~; l f fine sand
'I A'7-'1/ \' ' C coarse sand

, ) 1

vc very coarse sand
)

g granule
, ... '~

; cbl cobble

" .. I

Abbreviated Description (Column 7)

The ordering of each description i~ standardis~d, beginning ~ith

colour, the libbreviated description from the G.S.A. rock colour chart.
, ' h

a qualifier, if necessary" of the rock type indicated in the graphic log,

'e.g., grainstone qualifying limestone.~

. ',·It.

, .
.....
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3. the qualifier is followed by descriptive adjectives, indica,ting component

particles and sedimentary structures, listed in decreasing order of abund-

ance.

4. a colon separa tes these 'sed imen tary features from dia,genetic and· wea thet'ing

features.

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

remov ing voweis. In some cases, conson-an ts from word endin.gs are also removed.

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

. '
Symbol Summary (Column 8)

This column is repetitive after the abbreviated description in that it
k /

su~arises the component particle types in decreasing order of abundance.

Addi tionally, emphasis on abundance is made by underlining e.g., E' or on rarity

by bracketing, e.g., (p).' The particle types are:

11

P peloio.

Q ooid

@ pisolith

12) intraclast

t13' trilobite

y brachiopod /'.

@ sponge

). sponge spicule

0 echinoderm

'0',,6 'l1 ribeirioid, pelecypod

6 gastropod

..-:t1 nautiloid, monoplachophoran

@ ostracode

0< fish

# calcareous algae

Q cryptalgal dome 'i

~ cryptalgal (undifferenti~ted) ......

~ skeletal (undifferentiated)
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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, C~ D, E, F, G, and H. Section E (Fig.~~17) has been taken from

Jones & others (1971).

Five sections correspond directly with detailed st'ratigraphic sections.

These are:

B

D

F

G

H

" j.

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

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

(Fig. 22)

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

Section GEO 228 from Mount Ninmaroo (BRSB) (Fig. 23)

Section GEO 230 from Mount Datson (BRSB) (Fig. 24) . ,

Sections that are compofiites of two locally related stratigraphic

sections are:

, j \-'---"
~ Section"GEO 265 (as base) and Section GEO 263 (as top) from the western

side of the Toko Synoline (Fig. 19),

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

Anticline (Fig. 21)

Reduction procedure
J,

-,'

, ,
"

·"U

.;

,',- ,

- ~ --'-~"'" ......:_---..

~-

'",

...

. '-;..---...:.

number of occurrences .of the feature in 10m
:

:numbe'r, ,~'dat~, ho'r'izo'ns in the tOm in,te'rvai'

..

',", ,

Approach

For interpretation of the stratigraphic information, the logs of

detailed stratigraphic sections 'were reduced to comprehensi~le generalisations.­

In this secti~n, "the manipulations applied ~or this r~duction are discussed.
I • '

"Reordering. At the detailed sca.le" information from .;t'he stratigraphic
,- B

logs wal;S transposed to columnar ~o'rmat',under which featux:es were separated and

categorised. In ,addition, 'interpretations of ~idal, elevated salinity,.
eva~6ritic ,and emergent conditi,ons based on this information were plQtted.

Reduction ofatratigraphiC data. The reduction is performed by making
. 1",.. ) " ..

, 1Q metres CIf section the pasic increment. Normalisation' of information'

,'cont(li~edin that increment is based on:
....,,:.
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The basic assumption ,for this procedure is that each observation is of equal

significance within a 10 metre interval •.
Information reliabil' .• The rstimated percen~age of outcrop is

presented in histogram form rece~sive rock types are of indeterminate

original composit~on, owing ,to subsequent surface weathering, and the confidence

of interpretation of the. sequence has been reduced by this lack of knowledge.

An insoluble residue s'tudy jndicated that these recessi ve beds are carbonates

with higher terrigenous content than the prominent rock type in the section.

dRe small section of the Ninmaroo Formation has~been ~ored in a region of total

dolomitisation. In this section, dolostone was dominant throughout, but with

I numerous terrigenous-rich horizons 'that would, on weathering, result in

recessive layers. An extrapolation of carbonate dominance in this one section

implies that the Ninmaroo sequence is do~inantly carponate.

Carbonate textures' .
The six textural categories of Dunham (1962) are plotted as normalised

abundance in histogram format.

,Carbonate particle types

In the detailed stratig~aphic sections, particle types were recorded
'.

numeri ca11y in decreasi ng order of abundance from 1 to 4. To generali se both

this weighting and occurrence from each horizon, a crude parameter is ca1culate,d

from:

(number of occurrencesl t
total numerical score of~eightings x·

number of sample hori zons in 10 metres

This calculation ran~s the most ~bundantf!:lor recurring particle type-w-i-Jth the

highest value, to an approximate percent ge. of abundance. This parameter is
~.

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

Skeletal particle tIpes
,

Where skeletal components are present, th~y are listed in decreasing

order of abundanc.e in the symbol form outlined in Appendix I.

,;

Occurrence of algae "

'(, Domed and strati formcryp);algal body types -are differentiated in a

" histogram of normalised abundance of algal horizons. .\
• t ~ -- '.

.......

.. ~ .

""

. '

,,'



Tidal character. The presence of herringbone cross-lamination or tidal

scour channels is used to categorise the 10 m increment as tidal.

Sali ni ty ~ Increas~d sal i ni ti es arei nferred from four features; the'

. presence of ooids or grapestones, cryptalgal features, absence of bioturbation,

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

three of the four feature~cur together, the horizon is consldered to have

been deposited under higher salini ties. The histogram r.ecords the normalised

number of horizons of increased salinity.

Eveporites. This histogram represents the normalised abundance of,
';

.~

-.113-

Environmental parameters

Crude parameters of the environment are approximated to outline the

physical limits of the depositional environment.

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

-deposj tional 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.

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

and', crYstals, equant vugs after suI phate nodules, and sol uti on-collapse
I.

breccias.

Indurati~nrand erosion. The recognition of horizons with eroded

surfaces o,f i~durat~d sedimentsis based on the presence of weathered profiles,

, SU~fa~'s truncating underlying ~fabric' (not stylolites), and distinct upper

con~a t wi th ovrrlyi ng. I ag dep~si ts of the same 1i thol ogy.

Emergence. Horizons of emergence are recognised by shrinkage cracks-,

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

.indicates the normalised ratio of horizons bearing features of emergence.

Dolostone. Dolostone occurrences have been recorded only as total or

partial..,dolomitisation. Thus for each 10-m increment, the abundance'of
-',

dolomitic 'horiz~~ is calculated from:
. .• "''f-:~lJ

Number of totally dolomitised beds + Number'of partially dolomitised beds

" 5 Numbe~ of b",eds 3 (Number of beds)

[J

.. Chert.The abundance of chert horizons' in each incremeTht is calculated

simflar,lyto I that of dolostone.
l'"

J- ..-

.-:.,-" ,



~.-

..,:;
!:

. l

-114-

Other diagenetic features. Saddle dolomite, fluorite,secondary
I

sulphates, pyrite, bituminous zones, and 'two-tone' are also normalised as

percentage of horizons with the specified feature.

...

)

'.t"
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A (continued) -GEO Sections 265 & 263
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APPENDIX III

GEOGRAPHIC LOCATIONS AND GEOLOGICAL

SETTINGS OF STRATIGRAPHIC SECTIONS
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Section

base A

top A

B

Table III Locations ofatratigraphic sections
I

Field se.ction
Map. sheet

,
Coordinatesno •. Descrip~ion .

,',. -

, .
'., <.. ,

GEO·265 . Mt Whelan '~So04 '05" '3 km west of
1 :250 OOb :?1 °15' 08'" Eurithethera Soak

GEO 'eo'3 Mt Whelan l?So04 '35" '3' km north~ast
. \. '. I

1 : 250 000 21 °17 ' 48" ,t o.f CraveIlf.J Peaki.

GEO 269 Tobermory 1'37"49'10" 5 km WSW of Burnt
1:250 000 22°5S'25" Well

•.• - .• ,••• ,... ,•.•.• ,~••,.,~ .....~ ........... ,o.I

base C

top C

D

GEO 236

GEO 25'3

GEO 21·4

Glenormiston
1 : 250 '000

Glenormiston
1 : 250 000.

Southern Burke
River.Structural
Belt. Sp~cial

1 : 10(3 000

1'38 °15 ' 0"
22 °12' 24"

118°'3g'4S"
22°23'36"

0/. '
408975566

5' km WNW of Bullock
Paddock No. ~ Bore
Linda .Downs

14 km west of Lake
Katherine

2 km NW of Digby
Peaks

Lake Katherine
Run 11-0479

Digby Peaks
Run 3-0070

21

22

'",

A "

t'

i'

~
"
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Table III Locations of stratigraphic sections (cont)
~'

~

Section

E

Field section
>

.no.

see Jotles &
others,·1971

. Map sheet

Southern Bu-rke
River Structural
Belt. Special
1:100 0>00

j.••-;.

Coordinates

418675)271

. .,

Description

5 km ea§t of Robinson
Bore, Corrie Downs.

Photo Reference

Digby Peaks
Run 10-011?

Reference
Fi,.gure

.4>;'

~

G GE<J'228

., I"

H CHiC 230
;,

~

".

F

<>

GEO 202 Southern. Burke·. 426375083
River Structural
Bel t. Special
.1 : 100 000

Southern Burke 1 429974992
River Structural
Bel t •. Special
1 : 100 000

Southernpurke 436974811
River Structural
Belt. Stlecial
1: tOO 000

"

Just below trig Boulia RC9 2?
point, Mt Unbunmaroo Rut:l 5-0076

y

0.8 km NNE of Bouli'l RC9 - 2?
Mt Nimnaroo Run 5-0076

# :.1'-'

Eastern slope Boulia RC9 24.
of M.t Datson Run 7-02?4

...

~

~
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CAIttOZOIC C~, Q
\
'-

ol' ..
'''''J.•

{ Tb
TERTIARY ~ Ta

""" ~,B
, \> " Tnl'!s,..~

Undifferentiated
\...-'

Beattie Creek Conglomerate

Austral Downs Limestone
. '.

'"Noranside Limestone

ORD0'(ICIAN-TERTIARY

MESOZOIC

ORDOVICIAN·

CAMBRO-ORDOVICIMf

CAMBRIAN

OTb

JKh, K

onun

Ome

Omn

Ole

[
Olk

Olw

Ols

€On

€lOne

eOnm

€Onj

€Onu

[

€UC

€ucl

€ua

Digby Peak~ Breeeia..,-

Hooray~,Sandstone

Mithaka Formation

Carlo Sandstone

Nora Formation

'-Cool ibah Limestone

Kelly Creek Formation
Withilidarmna Dolostone

Member

Swift Formation

Ninmaroo Formation undi£ferentd.
~

dolomitized

Datson Member

Corrie Member
I..

Mort Member

Jiggamore Member

Unbunmaroo Member

Chatsworth Limestone

Lily Cre~k Member

Arrinthrunga Formation

o

PROTEROZOIC

E.'Ul,l...

1Pb

Pt.

Undif¥erentiated

Black Stump'Arkose

Yardida Tillite

Table 4

Legend .;t(O:-,,·stratigraphic units in the loeality maps
)

Report No. 181 16/F54/18
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GeolDs,cal boundary
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•

/
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.,.< 20 "Slr'lle ;;ndd,p of'sfr,,'a, f'acln9 known or mferrwl
,
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Figure IS
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r e~;J Ninmaroo Formation
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Chatsworth Limestone and Ninmaroo Formation,

GeorginS'i Basin

\.

E.C. Druce, B.M. Radke, & J.H. Shergold.~..
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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.

( CHATSWORTH LIMESTONE

Lily Creek Sandstone Member

The Lily Creek Sandstone Member is named after Lily Creek (140 0 17'30"E,

22°00'S), a trtbutary of the Mort River. The type section is the upper 1~-m of

the Cha tsworth Limestone type sec tion at Lily Creek, wi thin the interval 288-300

m (Shergold & others, 1976, figs. 5,6).
. d

Th~ member comprises white to l~ght red, very fine calcareous cross-

stratified sandstone with foresets at an angle"tor 5°_15°. Thin beds of.- ~~ ..
intraclastic limestone with abundant fine sand'and some skeletal fragments, and

calcareous siltstone are also present. Peloidal grains tones of the typical

Chatsworth Limestone underlie ~he Lily Creek Sandstone Member. No contact with

overlying strata is seen at the 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 ofr::ndy cross-st~atified limestones with interbedded

friable sandstone, light grey and brown siltstone, and intraclastic limestone

with some horizons of skeletal hash limestone.
/'

The Lily Creek Sandstone Member is strongly diachronous. At~ Lily Creek

it lies ,within the Hapsidocare lilyensis Assemblage-Zone (Sh?rgold~ 1980), which. .
is thought to~quate with the Rhaptagnostus bifax/Neoagnostus denticulatus A.-Z.

?'
at Black Mountain. fAt the Fatter site, the Member occurs in the Neoagnostus

guasibilobus/Tsinania nomas A.-Z. This infers a southerly regression during the
tI'

latest Cambrian which took the time equivalents of the Rhaptagnostus ~larki ...,.;

maximus/E. papilio and Sinos~ukia impages Assemblage-Zones to migrate the 54 km

from Lily Creek to Black Mountain. At Dribbling Bore, the most southerly

locality at which Chatsworth Limestone is exposed, ·dolomitised sediments thought

to represent the ~ly Creek Sandstone Member, lie, at the base of the Cordylodus

proavus Assemblage-Zone, illustrating the C'ontinuation of the regression into

younger biochronological horizons yet.
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I

NINMAROO FORMATION

/Unbunmaroo Member

The Ninmaroo Formation (Whitehou~e, 1936 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 membera ~re recognised: the Unbunmaroo, Jiggamore, Mort,

Corrie and Datson Members (Fig. 23). Detailed mapping h~8 demonstrated that a
j

consistent l~thofacies pattern can be recognised through?ut the Burke River

area, and tha~ these lithofacies apprOXimate clpsely to the recognised members
I •

(Table 1). Tbe three upper members are essentially the same as those of A- ,

previous workers (Jpnes & others, 1971; Smith, 1972). The lower two members ~re

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).

Unbunmaroo is- the aboriginal name f~l Black Mountain (140 0 17'E,

22°32'S) on the Boulia 1 :250 000 Geological Series Sheet. The Unbunmaroo Member

is exposed in "a narrow 90 kIIi long bel t which exten'ds from the Swift Hills in the
,

north to Dribbling Bore 'in the south. Its type section lies wi thin that of the

Ninmaroo Formation at Black Mountain. The thickness of tpe Unbunmaroo Member

varies: it is/165 m at Black 'Mountain, 250 m at Mount Ninmaroo, and 120 m at

Mount Dats~n. At Dribbling Bore, 69 m of dolomitised sediment referrable to theo _

Lily Cre~k 8~ndstone Me~er of the Chatsworth Limestone or the Unbunmaroo
(j •

Member of the Ninmaroo Formation, or both, is exposed, but the top is eroded.
, '.

Similarly, to the north, at Lily Creek, only 40 m of poorly expo:,:;ed sequence

are referrable to this Member.
" t.

~l . I

The Unbunmaro\9 Mem'ger comprises medium to thick bedded 'Limestone ,

::~:~d:~l:~::(:::t'~~:~~::::~sm~;:~:eg~::a:~:s::::~:~~r:::~r:~~
nodules ~re relativelY~~~~~~e lime~tone~ and, chert nodules. A massive

cross-stratified peloid and ooid gr~ns~one(, 'sandy inplaees. and '~nfY'

,~'dolomitised, occurs at the base: within this bed arE!' biohermal lIiounds of

stromatolitic boundstone •

.The Unbunmaroo Member conformably overlies the Lily Creek Sandstone

Member of the Chatsworth Limestone at Black Mountain, Mount Ninmaroo, Mount. . J
Datson and possibly,~t Dribbling Bore. In the Lily Creek area, however,

detail-ed mapping has revealed a probable unconformi ty, and" this is supported by



~ember, and is conformably overlainby the Corrie Member.
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the intep-aee~tioIl:of--a-ka-l!St---s-u-J:!..face-in--dtill hO] es· The base -O.f--thc__Unhunmaroo

Member lies within the late Payntonian_at Black Mountain and Mount Ninmaroo, in,

the latest --~yntonian at Mount Datson, and -in the earliest Datsonian at

Dribbling Bore.
o

Jiggamore Member

The Jiggamore Member is named 'after Jiggamore Bore (140° 11 '15"E,
1

22°05'S) on the Mort River. It is exposed in a 120 km long belt from Mount

Merlin (Duchess sheet area) southward to Mount Datson. The type section is

within the type section of the Ninmaroo Formation at Black Mountain where it is

206 m thick At Mount Ninmaroo it attains 130 m, and at Mount Datson 92 m.

Jiggamore Member is charac terised by ~ two- tone' -limestone, and
~ ,

comprises thin to thick bedded limestones (micrite, frequently biotur~ated,

clast peloid~l 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 0

pressaging its dominance of the sequence. The upper boundary is drawn at the
I

change to predominantly flat-pebble conglomerate limestone. The Jiggamore

M'ember is regionally stra tiform, but the boundaries may be discordant on a small

scale.

Mort Member '~"

The Mort Member is named after ~he Mort River (14~0'E, 22°05'8) on

the Boulia 1,: 250 000 sheet a-rea. It is exposed in a 95 km b~l t from the Swift

< Hills in the north to Mount Datson in the south, and its 'type\section is also

within that of the Ninm~oo Formatio~t Black Mo~~ where~: is 129 m thi~k.
Some 104+ m has been measured in the Sw-ift ~ills, 120 m at Mo un\ Ninmaroo, and

40 m at Mount Datson~ The Mort Member conformably overlies the Jiggamore
~

......

, The Mort Member is domina ted bY,thin bedded flat-p-ebble conglomerate

limestone and intraformational breccia, together wi~ peloid~ ooid and peloiual

clast·~rainstone. Stromatolitic and thrombolitic biostromes have also bft~ft
, i'l;

observed in the Mort Member. Flat-pebbl'e conglomerate is formed by the "".
~/~ ..; t!

exfoliation of alg~l mounds and the break-up of hardgrounds d~ring p~iods of

high energy conditions.

, . "

"

, '.

.;
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--Corri-f3 Member----------------.·-~---- - ----

This ~ember is named after Corrie Downs pastoral property (140 0 06'E,

22°18'8) on the Boulia 1:250 000 sheet area,. where it outcrops parallel to the

Mort Member in a 95 km belt between the Swift Hills and. Mount Datson. The type

section is within that of the Ni~aroo Formation at Black Mountain where it is

90 m thick. In the Swift Hills it is 186+ m thick, 170 m at Mount Ninmaroo, and

200 m at Mount Da~so~
The member compr~ses 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-is marked by the change from the dominance of flat-pebble conglomerate.
to echihoderm grainstone, and the upper boundary by a change to thin bedded

peloidal skeletal limestone (Datson Member) which is commonly dolomitised and

silicified.

The Corrie ~ember has in places beeri deeply weathered resulting in

silicification of the skeletal grainstones'and the development of chert lenses ••
The regolith developed over this unit has been mapped separately as the Swift

/ .~ ~

Formation (see also Da tson Member) •.

Datson Member

,-
.~

.The·Datson Member is named from Mount Datson (140 0 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 aAso within that, of the Ninmaroo
" .~<It.., . \

_'.~ Fo~ation at Black~tain where~""it is probably ~15 m thick. At Mount Ninmaroo

it is 62+ m thick, at Mount Datson 295 m, and in the Swift Rills is 'preserved
. ~~)l' .

only in scattered remnants. t
The member'compr~ses .thin to thick bedded limestone or dolostone

(skel~t~l grainstone, bound~~ne, peloidal grainstone, clast grainsto~e,
mudstone), and chert; ~he ~i\ is characterised by dolomitisation and

liffie

. -

:",

silicification.

The Datson Member conformably overlies the ~orrie Member, and is

gradational laterally' and vertically into the siltstones and mudstones of the

Swift Formation. Additional to, this gradational bO\lIldary with the Swift

Format'ion, a regoli th composed of chert fragments derived· from the Corrie and

Datson Members and which has been mapped as Swift FOrrilation,overlies the Datson

Member unconformably.

l' '
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