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Passive continental mllrg;n!! in the Australian region provide evidence of very extens ive 
sedimentat io n and basement subs idence bulh befoTe and after the 1 ime of continental breakup. 
l'oslbrcakup sedimentation is largely marine, extends to Jeep water and follow~ an 
expone ntial or thermlll cooling (contrac tion) accumulation panern , The panern of prebreakup 
sedimentatio n also folJow~ an expone ntial accumula tion fun c tion in major depocentres . which 
lie en echelon, landward of the contincnt·ocean boundary. Here , late s tage prebreakup 
sedimentation occurs within faufted troughs or graben~ . and Is described as rift phase . Ail 
prcbreakup sedimentation is non ma ri ne to shallow marine , and availablc vitrinitc reflec tance 
data sugges ts depos ition in a relatively low heatflow environment. 
Cont inental c rus tal rcfraction vclocities in the range 7.110 7,5 kmsfsec, a re observed beneath 
Ihose m;ugins stud ied , and the rcfraClor rises markedly toward s the continent-ocea n 
boundary. The refrac tor is inlerpreled a~ the gree nschist-amphibolite metamorphic fa cies 
boundary which ha lO rise n in response to incrcas ing thermal conditions up until breakup time. 
The mctamorphic conversion invol ves an increase in bulk dens ity with consequent isostatic 
contr;lctÎon whÎl;: h leads to subs idence and sedimentation. A quantita tive bHsemcnl subs ide nce 
and p:llaeoheatfJow model has bcen construc ted in which a s imple temperature anomal y deep 
within the lithosphere during the prebrea kup period gives rise to the observed comple x 
subsidence pattern plus low vi trinite rcflectance val ue s. 

Oceann/. A cta , 1981. ProC'eedings 26, h Inte rnational GeologicHI Congress, Geology of 
contine ntal mllrgins s ymposium , Paris, 7-17 July, 1980, 103-114 . 

Marges continenta les passives: présom ption d' un méca nisme de subsidence 
préruptu rc de Iype méla rnorph isme crustal profond_ 

Les marges conti nentales passives d'A ustra lie présentent une sédime ntation importante aÎnsÎ 
qu 'une subs idence du substratum tanl ,IVant qu 'après la rupture du contÎnent. La sédimcnta
tion post-rupture est surtout marine , s'effec tue jusqu 'en eau profonde ct suit un régime 
d' accumulat ion expone nt iel ou de çontraction thermique. Le régime de la sédimentation 
pré-rupture suit aussi une loi d 'llccumulatÎon exponentielle da ns les zones de dépôt 
principales. qui s'organisent en éc hel on. en amont de la limite continent-océan, La dernière 
é tape de sédiment;otion précédanl la rupture a lieu dans des dépressions ou des grabens , et es t 
décri te comme l'é tape de dis tension . La sédimentlltion pré-rupture est de type continental à 
marin peu profo nd , c t les données de vitrinite-réfle çtance disponibles suggèrent un dépôt dans 
un COlltexte de flux de c haleur relativement fa ible . 
Des vitesses de réfraction de la croûte dans l'intervalle 7,1 à 7.5 km/s sont observées sous les 
marges étudiées e t le réfrac teur remonte nettement vers la limite continent-océan. Le 
réfrac teur est interpré té comme la limite des faciè s mé tllmorphiques schis te ver t-amphiholite , 
qui es t remontée en réponse à un éehaurrement jusqu 'à l'époque de la rupture, La convers ion 
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métamorphique implique une augmentmion de la uenliilé avec contraction isostatique , cc qui 
provoque la subsidence et la sédimentation. Un modèle quantitatif de subsidence du 
substralUm et du paléoflux de chaleur a élé construit. donnant à partir d'une simple anomalie 
de température en profondeur les régime~ de subsidence complexes observés ainsi que les 
basses valeurs de vi trinite réflectance. 

Oceano/. A cta , 1981. Actes 26< Congrès International de GéOlogie, colloque Géologie des 
marges continèntales, Paris, 7-17 j Uil. 1980, 103-114. 

INTRODUCTION 

A passive continental margin evolves as a result of the 
breakup of continent.carrying lithosphere through seafloor 
spreading. ln plaie teclonic terms this appears to be ri 

discretc kinematic process : the onset of significant diver
gent plate mOlion is marked by the age of oceanic crust at 
the continent-ocean boundary. There is no canl'en/ionDI 
plaie lec tonic evidence of pull-apart motion prior ro this 
brcakup time . The geoloKical and structural evolulion of a 
continental margin is however. a protracted process. For 
oflen more than 100 million years prim to breakup, major 
sedimentary basin subsidence may occur which is apparen
tly influenced by the incipient line of continental separation. 
A complex pattern of shelf bas in subsidence a1so occurs 
after brellkup. These cycles of bas in subsidence are termed 
webuakup and posrbreakllp (Falvey, 1974). 

ln this paper we will discuss various data which supponlhe 
hypothesis proposed by Falvey (1974) that prebreakup basin 
subsidence is due primarily to thermally induced metamor
phism of the deep continental crust. A secondary, and 
possibly mutually exclusive mechanism may be erosiorral 
thinning of s lrongly elevated continental crust whose initial 
metamorphic grade is reJati vely too high . Our data suggeSIS 
that marked continental crustal stretching may only occur 
very close to the continent-ocean boundary (beneath the 
deep continental lower slope) probably in the period around 
breakup time . Thermal cooli ng (lithosphere contraction) is 
clearly the dominant subsidence mechanism arter breakup 
when seafloor spreading virtuall y removes the divergent 
plate boundary he,lt source. This process in our view only 
results in sediment accumulation because. by breakup time. 
the continental crus t has been brought to near sealevel by 
crustal metamorphism , erosional thinning and minor stret · 
ching. 
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THE AUSTRALIAN CONTI NENTAL MARGIl\' 

There are more than 17 ,OOOkm of pass ive continental 
margin around Austral i,l. formed by five distinct and weil 
documented sellfloor spreading episodes : 

a) Northwest margin _ Late Jurassic (155 m.y. b.p.); 
b) Southwest margin - Early Cretaceous (120 m.y. b.p.); 
c) Southeast margin _ Late Cretaceous (80 m.y. b.p .); 
d) Northeas t margin - Earl y Palaeocene (65 m.y. b.p:) ; 
e) Southern margin - Early Eocene (55 m.y . b.p.). 

Openfile and publi shed geological and geophysical data on 
ail these mariins have been reviewed recently by Falvey 
and Mutter (1981) and Veevers (1980). These summaries 
provide an overview of the reJationships between sedimen
tology, structure and plate kinematics with which subsi
dence mechanisms may he evaluated . 

Figure 1 iIIustrates the general , non-plateau continental 
margin shown by Fal vey and MUller from their review of 
published seismic ~ections of the Australian margin . 
Yarious sedimentary " units" overlie bath continental and 
oceanic crus t. The uppermost unit consists of pos tbreakup 
sediments, which are domÎnanll y marine. transgrcisive 
shoreward and onlap oceanic crust seaward . During the 
immediate prebreakup period sedimentation is restricted 
(usually) to narrow. fault baunded grabens and hall grabens 
llrmnged en echelon shoreward of Ihe incipienl continent
ocea n boundary. This unit is referred 10 as the "rift valley 
phase" of prebreakup subsidence. because of the presumed 
morphological analogy with the East African and Red Sea 
rifts (Dewey, 8 ird, 1970 ; Falve y, 1974). Underlying this rift 
gmben unit is li non-fault controlled, '"i nfrarift phase " 
sedimentary unit . This is usually a broader, deeper. intra
cratonic s tyle of bas in which spans, and is elongale with 
respect to the incipient conlinenl-ocean boundary. 

IrrllCTl\II 
.j i.l!/. Fillure t 

Orneralizrd crou SUlion of an AuSlralian-IYPl 
puui"r cOnrinfnlallllar8in (afttr FaNt)". Mu/
Il', 1981). This stelion is basN mOSI hrOI'ily 
upon Ihr sou/htrn . and non·ph./tuu por/iallS of 
Ihr "'rSltrn margins of Auslralio. Thr infrurift . 
rif' and pf}$/brrokup uniu arr drri"rd fwm 
drillholr and srismic dUla . Thr dup slruClurr is 
infrrrN frOlll grQl'ily and somr uismic rrfrac. 
lim. d/.lla . Thr f} nly significanl con/intnlal Sl r,' · 
ching which is concrdrd. f}ccurs "'ithin about 
JO km of Ihe continenl-ocran boundary; ulo fl N 
,,'ifh mllssi.·, cruslal mtlOlllorphism a/rd IIIan,ll 
undrrplalinlJ· 
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Figure 2 
Rij;ill : a J1tneralized Iime-s rralÎj;rfI
phie CfOH see lioll of ail Allslra/hm
Iype passi,'e cmtrinental marg;,t, 
defi"ed from Iht fi, 'e .~pedfic sec
tions in Fa/vey and M/lfler (1981). 
The ,'erfical (lime) aXÎs is in milliVlts 
0/ )'ear,r relaf;"e to breakup rime. 
Prebreakup seditttettls art domituttl
tly ttot,.,ltarilte while postbreal."p 
sediff.Jellts quick/)' become morille. 
and trmrsgressi.'t shorewards. Pm"l
breakup s/lbmarine eroliQ" mrd 
sealel'el changes are also illustrared. 
Cen trY! : a sequence of lIelleraliud 
evo/miQllary cron secliolls of mar
Sill de,'eJopmelll. Tire horiZVlrwl 
errelll is lire some as tir" lime'l'Irali_ 
j;raphic sec /ioll alld Ih" l'ulit'al 
ex/em is abolll 10-15 km. Tire 
sequence was deri,'ed by crosscorre· 
lalill8 rire lIellli'fal margill secliQII 
(Fig. 1 ; alld /Up-cent re) witll rhe 
Reneral lime siraligraphy. tefl : a 
'"llrrespolldillg seqllellce of genuali
ud Iirhn.yphere et'OluliO/tar)' cross 
Seclioll s. Th e Iroritolltal exltlll is Ihe 
same as the mher sec/ions (Illd Ihe 
"er/ical exlenl is about 100 km. 
Th ese sketches desc,ibe Ihe dri,'ing 
mec/ur"is", of Ore cycles of basin 
subsidellce. At /i,sl. reginllal lithlJS_ 
plrue hea/illS causes mme Ilrem, al 
upli/t. rllen dt~p cfll stal melmllor· 
plrism mrd ilrfmrift basin sub-
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side/let. Mort cmrcentrated aXÎal /reuting pre " ~n ls f/lr/her subsidence lIear tire mClplenl c(mlillelll-ucean boutrdM)' by Ilrermal expansioll 
ou/pacillS melamorplriSIll. hu/ dril'es f1allkilllJ rift subsidence by conlin,,~d deep crusralmeIlUlU)fplrism. A f/er breakup. Rtl\trllililirosphere 
coolillll cal/ses poslbreakup l'iifnidellce. 

Falvey and Mutter a[so compiled a set of ri ve lime-stratigra
phie cross seçtion~ derived from the hundreds of openfile 
exploration wells on the margin. These illustrated the 
depositional environmcnts of the three major scd imentary 
units with respect to a spalial origin at the continent-ocean 
boundary. and an oris:in in time at breakup. A s:eneralized 
abstract of these time-stratigraphie cross sections, wilh 
respect to such origins, is shown On the right hand s icle of 
Figure 2. 

Correla lion of this lime-stratigraphie c ross section with a 
general ized margin s truclural çross scclion (Fig. 1 ; top 
ce ntre Fig. 2) leads us to suggest the evolutionary sequence 
of struc tural cross sections shown in the centre of Figure 2. 
These diagrammat ic sections encompass Ihose fealUres 
most commonly observed on Ihe Australian conlinenwl 
margin : 

1) Subsidence begins with the infn,rift phase (usually about 
100 m.y. before breakup) preceded by sorne erosion of 
base ment or prerift sediments. T he infrarift bas in grows 
a long Ihe incipient continent-ocean boundary. Il does not 
appear to be fault controlled and eontains mostly 
non-marine and non-voJcanic sediments ; 

2) from as much as 50 m.y. before breakup. through to 
breakup time, bas in subsidence continues onl y in rift 
grabens and half grabe ns flanking the incipient contincnt
ocean boundary. Sediments a re margi nal to non-marine. 
Sorne volcanism is presenl close to the incipienl continent
ocean boundary but is absent from most major depocentres 
in the Austra lian region. Sorne uplift and erosion of infra rift 
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phase sediments is evident away from the major depoçen_ 
tres . There is no spccifÎç evidence that any of the e n echelon 
rift grabens are interconnec led by transform or transç urrent 
lauhs. Thus there is no direct evidençe of lithosphere 
pull-apart. 

3) from breakup time , subs idence becomes widespread. 
Bathyal sed iments a re deposited at the continen t-ocean 
boundary and onlap progressively younger oceanic c rus!. A 
marine t ransgression extends shoreward. Shelf and slope 
de position is commonly interupted by massive submarine 
e ros ion caused by c hanging current patterns in the progres
s ively widening and deepcning oçean basin (Deighton et al .. 
1976). 

CONTINENTAL MARGIN SUBSIDENCE i'A'ITERNS 

The definitÎon of infrarift. rift and poslbreakup sedimentary 
units,may be quant ified by analysis o f çu rnulative sedimen· 
ta tion patterns (Geohistory diagrams of Van Hinte, 1978). 
We have preferred this form of data presentation to Ihe 
sediment str ippcd subsidence curves of Watt s and Ryan 
(1976). bceause it cannot be assumed thal sed imentation has 
no non-isostat ic feedback effect on the driving mechanism 
of subsidence. 

Figure 3 shows the " truc" çumulative subsidence patterns 
of the to ta l depth (T.D.) reached in five exploration wells on 
the Southern continental margin of Aus tralia. The çumula
tive subs idence of higher levels in Ihese well s ha ve becn 
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FiGure 3 
.. Cumuialil'I' subsidl'ncl' or Gl'ohisrur)" plOIS lor lil'I' uplo'lllitll! 
.. "'l'lIs lrom Allsl,afia 's sQu/hl'm margin (al/l" Fa/'·I')". Multtf . 
! 198/). Onl)" Ihl' " '1'11 fOwl dtp/h (T. D.) in sl"'''·n. Ali data art 

2 cafrKtl'd lo r compaClion as dtscrilnd in Appl'ndis 1. ,<si,,/: 
t ,.·t/I·sptcilic perosi/)" dtpth IlinCli"ns. Stalt,·tl and POlota"'u/tr 
~ dl'p/h Ofl' 'laI shu ... n. 

, 
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omitted (or darily. The dala have been corrected for the 
efrec ts o f compaction and palaeowater depth (A ppendix 1). 
The soulhern margin was chosen because it is the youngeSI 
(55 m.y. b.p.) in the Australian region . has thin postbreakup 
sedimenlary cover. and an extensive. high qualilY data se l. 
The rive wells specificalJy chosen contained the most 
complete seclions of post- and prebreakup units (although 
only one weil . Eehid na-l. contains a complete Lower 
Cretaeeous section). 

Widespread infrarift phase subsidence appears to have 
begun 80 m.y. before breakup. Echid na shows rapid subs i
dence. sharply declinina towards the end of the earl y 
Cretaceous. Flaxmans. Pecten and Playpus have a similar 
sediment accumulation pattern beginning partway through 
the infrarift subsidence phase . Echidna lies landward of the 
depocentre and boundary fault . and shows no riH phase 
subsidence. The o ther wells show that nearer the depocen
tre. infrarift and rift phase subsidence is bath cominuolls. 
and. we inlerpret. exponent illlly decreasing with t ime up 
until the breakup at 55 m.y. b. p. [t is important 10 nOie that 
r irt onsel (45 m.y. belore breakup) involves linle d iseonti
nui t y in depocenlre sed imentat ion. but merely constrains 
that sedimentation to faul t bounded troughs. Artcr breakup 
scdimentation rates at fir~t inerea~e : and ,hen decrease 
with lime as described by Wans and Ryan (1976). In the 

FiGule "' 
Tht uppl'r puri of tlrl' /igu,t shOws /lre k.t)" n1tt(mrurplric 'aril'S 
(grunschist und Ilmphibofitt) in Itlllpualll,e-prl'SSlIfl' (dtprh) 
spoct (modi/itd u{ru FU/l'l')". 1'174). In u rising htorfJow si/uarion 
mort ol /hl lo ... u conrinenral C"lSt btcoml's 1IIl'lOlIIo,phosl'd /0 (} 
rock of abou/ 7- 10% highl" dl',uir )'. This C/lIISI'S isostlltic sub
sidl'nCl' 10 accur which is sho"'n ol/l'Cring dil/l'fl'ncl' rhicknl'Uts /II 
conrinl'nt(}f c,usr in rhl' 10"'1" pllf/ ol/hl' /igUft. 
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vicinity of depocentres. breakup unconformities involvt 
virtually no erosion or uplifL The grealer part o( the 
southern margi n is characterised by virtually eontinuous 
subsidence over the lasl 135 m.y. with only a ra te diseonti
nuit y at breakup. 

CONTINENTAL MARG IN SUHSIDEI'CE MEC HAN ISMS 

Fa[vey (l974) proposed deep crus lal metamorphism pre· 
breakup. and thermal cooling postbreakup to explai n this 
overall pattern of mariin sedimentation and subsidence. 
The prebreakup metamorphic mcchanism is Ihought tO 
occur during ris ing heatflow conditions and the poslbreakup 
cooling mechanism occurs durÎns declinins healrtow condi
tions. The peak thermal conditions should occur at breakup 
time. at the continent-ocean boundary. 

The prebreakup mechanism may he explained on the 
melamorphic fa cies diilgram in pressure-tempcrature space 
(Fig. 4). As heatflow rises above 0.8 H FU (33 mWm -!) the 
continental geolherm will interseet the greenschist
amphibolitc boundary at progress ively shallower depths. 
The dewatering of the gree nschist-amphibolite conversio n 
involves a 7 to 10 % density increase . Contraction of the 

"'T_~ ''''''''' ........ \.010 ....... 
C~""TA. "OUC'U~' 

.. ..... e~ ........ <01. _ 
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crustal column causes subsidence whic h eve ntuall y fac iJi la
tes near sealevel sedimentatio n. The sediment blankel 
further increases the pressure and lempe:rature condit ions al 

depth , which enhances the isostatic multipl ying factor of 
sedimenta tio n. Thus basin subsidence may occur under 
r isi ng heatflow conditions provided the rmal expansion in 
Ihe lithosphere is outpaced by metamorphic contraction in 
the deep c rUSI (see Middleton, 1980). As shown in Figure 2, 
it is proposed that this occ urs within Ihat region of the 
margin which inc1udes rift phase sedime ntation. Nearer the 
incipienl contÎnent-ocean boundary, where peak thermal 
conditions will occur. lithosphere thermal expansion may 
eventuall y out pace deep crustal metamorphism. After brea· 
kup , thermal cooling and lithosphere contraction becomes 
Ihe dominant mechanÎsm o f subsidence: operating on 
alread y thinned and metamorphosed crust. 

ln the regio n of peak thermal conditio ns crustal analexis 
may lake piace, giving risc to acid to inlermediale volca nics, 
and parlial melling of mantle Jithosphere may a[so give rise 
10 basic volcanics. Von SI3ckeibera el al. (1980) have 
recorded small quant it ies of rh yoli te . Irachyte and basall 
amongst marginal 10 non-marine rift and marine postbrea
kup sediments in dredge hauls (rom Ihe margins of the 
Exmoulh and Wallaby Platcaus (oH Weslern Australia). 
Il is relevant 10 note Ihat where high grade Precambrian 
shield ca n he reasonably eXlrapolated orrshore: benealh the 
shelf. such as off southwestern Austrdlia, there is liule 
evidcnce uf e xtensive infratift a nd/or rift pha~e sedimenta
lion. Crustll l thinning may occur through erosion dudng 
uplif l caused by fising heatf low conditio ns. limited mela
morph ism to sti ll higher grade mighl he expecled where the 
cruSI is thick. 

STRUCTURA L EV IDENCE OF DEEP CRUSTAL METAMOR
PHI SM 

P-wa ve se ismic velocily may be a reasonable guide tu 
crus tal metamorphic grade (Ringwood, Green, 1966). D,lia 
on lImphibolites of basaltic composition (in Chrislense n. 
1965) give an average velocit y of 7.3 ~ 0.2 km/sec. and a 

density o f 3.1 -; 0.1 gmslcml. Basic plutonic igneous rocks 
have an average velocity of 6.8 :%: 0.3 km/sec . and ecJogites 
(and probably some granulites) have an average velocity o f 
7.9 :!: 0.3 km/sec. (Press. 1966). Thus, seismic refraelion 
veloci ties in Ihe range 7.1 10 7.S km/sec. which are 
commonly Observed at continental margins (Sheridan , 1969) 
may bc associa ted with amphibolile grade contine ntal crust. 
Velocil Y data from deep refraction profiles on Australia's 
norlhcas t and southern margins (Ewing el 01., 1970 : MUller. 
1978 : Talwani el al., 1979) arc summarised in Figure S. 
An interpreted geometry of the greenschisl-amphiboJile 
metamorphic facies boundary al a contine nlal margin which 
may be typical is shown in Figure 6. The profile eXle nds 
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Figure S 
Hiswgf(lm of tht fnqutney of stismic nfroc/ion ,·tlocilits "'hieh 
o('(' ur in ctn oin rtfr(lction prof Ut, frum Ihl Q/.Iu n,l(lnd Pf(l/t(lU 
(E"';n/: ri al .. 1970) and /hl Soulhtm Morsin (Mu/ur. 1978 : 
Tolwoni el al., 1979). Dow WIU wbn from rtfm crion prubts 
whit"h deltcltd al itas/ onr loytr dttptr Ihun suptrfici(ll b(lslmtn l 
on tht cOllfintnt sidt of Ihe contitltnt-oct/ln bound(lry. The oeCi/r
'tner of a discrete high gradt mrtoerus/II I luytr in /ht r/lngt 
7.0-7,5 km/ste. is cfJnsidered slIItis/i('lllIy si~llificQn/ . 

. r-------------------------~ 

Figure 6 
Compuud I ... o·dimtnsionol grm'ify II/odtl 
ocrou Iht Quttnsland PloltOU. This corn,· 
ponds Il} prolilt A -A ' (Jf Taylor and Full,ty 
(1977) /lnd tlttnds lrom opPTQxim/U~ly urs. 
148'13 10 ,,,°5. 15)°13. Stismic rtfraction 
cunlrol ;s Irom E ... ing et al . (1970); /lI1d Ih t 
IIT/wil )' d/l/a ... /.1.1' colltcttd b)' RlV. Vtmu ;n 
1967, and il usrd wilh ptrmiu;on 01 Pr. 
M . Tulwuni. 15 m.gols n gianul groid ono_ 
mol)' ho! bun subSlructtd from tht obstn·td 
dUlll, (lnd tilt madtl dtsigntd to bt in rtg/onlll 
/sOSlolic tqu/llbrlum 01 31 km. An attnsi"t 
dup c ,uS/QI mttomotphic 1(I }"tr is inftrrtd 
"'ilh (1 dtnsil)' 013,05 gms/cm' (lnd a ,·tloôl)' 
01 7,5 km/Ilc. 
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from the Coral Sea Basin across the Queensland Plaleau . on 
Auslalia·s nOrlheaSI margin. Seismîc refraction dUlll Îs from 
Ewing el al. (1970). The gnwity model was compuled by 
Falvey (1972) and by Taylor !lnd Fal vey (1977) and h!ls been 
s lighll y modified for this examplc . The relative iSOSHllic 
load at 32 km averages zero over approximately 100 km 
horizontal distance. The fit of the calculaled profile 10 the 
observed regio nal is considered quite s3 tis fa ctory. The 
7.5 km/sec. refrac tor is interpreted as the greenschist
amphibolite boundary. lt rises ma rkedly towards the conti· 
ncnt-ocean boundary (corresponding to presumed prebrca
kup thermal state) , and gives an almos t constant Moho 
depth over ail but Ihe outermost part o f Ihe plateau. The 
amount of isos tatic crustal shrinkage contained in the 
Ihickncss of the deep crustal hlycr is approximately th,lI 
required 10 cause the observed basemenl subs idence from 
near ~ealevel. Thus cont inental crus lal extension is nOI 
necessary to prodUl,;e subsidence except, in part. wilhin a 
smaJl distance from the 1;0ntÎnent-ocean boundary . 

HASEMENT SU BSIDENCE MODELLING HY METAMOR· 
PH ISM AND COOLING 

Sleep (1971) presenled a quantitative thermal cooJing 
(lithosphere wntraclion) model which sat isfactorily descri
bed postbreakup sedimentation. This model has becn eXlen
ded by Watts and Steckler (this volume) , and seems an 
adequate de scription of this rinal phase of passive milrgin 
subsiden ce. Howe vcr. as Figure 3 illustrales, the prebrea
kup sedimentation function resembles the postbrea kup 
funct ion. The latte r is an exponentiaJ or square-root fun c
tion of time. depending upon whether the thermal cooling 
solution or the model itself is subjecl lO approximation . The 
data in Figure 3 show Ihat the combined infrarift and r ift 
phases of sedimcntlllion. where they arc continuous. may 
be deseribed by an exponential or square-rOOI fun ction of 
t ime. similar to a thermal cooling mode!. 
Thi s raises a dilemma. Breakup time should. in principJe. be 
the time of peak thermal conditions. since Ihis is Ihe lime 
molten asthenosphere freezes OUI as oceanic lithosphere. up 
10 the surface. Further. it is difficuh 10 in voke IWO simple 
thermal cool ing cycles to explain Ihe . 'double exponential" · 
subs idence function. since the breakup lime does nOI 
represent ~ignificllnt uplift or erù~ion in, and near depocen
tres. Thus, any mec hanism which describes infrarift and rift 
phase subsidence (near sealevel deposition) foll owed clo
sely by postbreakup cooling su bsidence. must involve 
crustal ( îsostiltic) modif ication in the prebretlkup period . 
T he deep crustal metamorphism model is co nsistcnt with 
this observation. 

Middleton (1980) formulated a relatively simple . one-dimen
s ionaJ model , which described the form of base ment subsi
dence due to deep cruSlal metamorphism durîng a lithos· 
phere healing cyc le. Thermal conduction in a semi-infi nite 
medium is described by an error functîon of lime in bOlh the 
heating and cooling case. ln the cooling case. subsidence i5 
proportional to temperature drop integrated over depth 
(contraction) - i.e. proportional to square-roOI of time . In 
the hctlling case. subsidence is proportio nalto temperalUre 
increase al the metamorphic facies bollndtlry. To a first 
order approximaI ion. this is al 50 proportional 10 Ihe square· 
root of time . Deta ils are given in Appendix 2. Thus initial 
prebreakup exponential or root-t ime subsidence may oceur 
in the healing cycle and a fin al exponential or root-time 
subsidence immed iately fo llows during the poslbreakup 
cooling cycle. 
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This hypothes is has been tested agai nst Ihe observed 
sedimentation p;lltern in PJatypus-l (Fig. 3). To allow fOf 
the effecls of compact ion of early infrarift sediments below 
the weil T .D .. a seismic base me nt (presumed top of 
non-compact!lble rocks) was picked al a deplh of 5.5 km 
subseaJeve!. This represent s the sediment loaded subsi· 
dence plus second order seale veJ and palaeowater deplh 
effects. and is shown in Figure 7. Basement subsidence 
both pre- and postbreakup was successfull y modellcd by 
introducing an anomalou$ temperalUre s lep function of 
JOO~C. from 140 m.y. b.p. to 53 m.y. b.p. (approx im3lcly 
brcaku p time). A greenschist-amphibolite dens ity contraSI 
of 10 % was assumed. The input temperature fun ction. am.J 
the tempera turc response function al 25 km depth are 
shown on Figure 7. The prebreakup deep crustal metalllor
phism modelthus uccu rately describes the complcx range of 
continental margin depocentre subsidence given peak ther
mal conditions al breakup time. 

T."C --
'00 - .. 7.' 

~ 

Figure 7 
The upper part vf llie figure shows a t·U1md,w\·e subsidettce or 
CeOliislor)' plot of Shell P/U1ypus-l eXINlpo/aied 10 an ear/ieSI 
Cretacrous seismic baseml!nt. lnfrurifl. rift . posrbreakup und 
po/aeaw(lter depth IIU shawn. Thl! modei bll selllent subside ll ce ,,"as 
denl·ed aSSl/llling a Ihermal II/lamai)' of 300·C. fm m 140 m.y. 10 
53 III.)'. hefore prese,,1 al 6() km dep/II as Shown;1I IlIr botlom of Ihe 
figurl!. Tlrr CVllseqlltnl lilermlll anomal)" al 15 km deplh is ulsv 
sho,,·n. The rhermal unomul)' ollsrt produces somr rhermal expall_ 
sion a/rd uplifl. qu!cH)' ou/paceJ by deep crlUlal meiamorpMsm 
and subsidellce. The cOllsequenl sedimenl accumularlon /':fpal/rl/_ 
liaI/y decreases k·llh lime as deril·ed III A pptndix 1. Aflu breakllP al 
53 m.y.b.p. /hermll l coolinll (md Clmtrac/IOtr causes pos/brtakup 
subsidence. 
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PALAEOHEATFLOW MODELLI NQ 
ORGANIC METAMORPHISM 

USING LEVEL OF 

Quantita tive modell ing of continuous prebrea kup and post
breakup basement subsidence is, in principle. possible using 
alternative methods of modifying Ihe prebrea kup continen
tal crusl. If the infrarif! and rift stages involved cruSlal 
extension by s lretching (Boit. 1971 ; McKenzie. 1978) or 
crustal extension by dyke in je clion (Burke . 1975 ; Royden el 

al .• 1980) then the complex subside nce patterns observed in 
Figures 3 and 7 May be contrived . 

However. the thermal. or palaeohealflow pred ictions of the 
deep crustal metamorphism model and o f the crustal e:uen
sion mode! are nOI the same fo r an equivalenl sed iment 
accumulat ion history. For the cruslal extension model to 
reproduce the subsidence patter ns seen in Figure 3, and 
maintain substantial conti nui t y of deposition through the 
breakup period in depocentres. then peak heatflow would 
occur near the beginning of the inftarif! s tage (or a t least he 
extended throughout the prebreakup period , depending 
upon the extension model detai ls). This is hecause t.he 
extension model entai!s an ini tial rapid pull-aparl in the early 
infmrirt s tage which gives rise to initia l rapid deposition and 
high heatflow. T his is followed by diminishing depositÎon 
rate and declining heatfl ow through MOSt of the prebreakup 
and the poslbreakup stages (Scla ter . Cristie. 1980). 

ln the case of subsidence caused by deep crustal metamor
phism, Ihe subside nce raie is related [0 the rate of change of 
thermal grad ient. Thus peak heatflow is reached a t the end 
of the prebreakup subsidence stage. In both models, post
breakup subsidence entails similar declini ng heatflow . 
Thus, the metHmorphism mod~1 predicts lower mean heat
flow than the extension model . particularly in the prebrea
kup period . 

The fundamental test of the extensional and metamorphic 
models of prebreaku p subsidence thus lies in the determina
tion of palaeoheatflow. The integrated thermal his lory of a 
sed ime nt is recorded in the percentage random reflectance 
of the coaly maceral. vitrÎnite (Lopatin. 1971 ; Hood el al .• 
1975; S hiboaka, Bennett , 1977 ; Waples, 1980). We have 
exte nded the work of these authors and developed Il 

qUll nlitative technique for deriving theoretical vÎlrinite 
rdlectance as a funct ion of depth at a lest weil location, 
given an assumed palaeoheatflow fun ction . This Iheory is 
presenled in more detail in Appendix J . The comparison of 
Iheoretical and observed vitrini le rdlectance is considered 
an appropriale and accurate tes t of pillaeoheatflow. 

Figure 8 shows theoretical vitr inite rdlectance for Pla[ypus-
1 based on an ex tensio nal and on a metamorphic prebreakup 
subsidence model. compared with observed dulH. For the 
metamorphic model, palaeoheatflow eff ectively fo llows the 
palneOlemperature al 25 km depth shown in Figure 7. For 
the extension model a stretchi ng fac tor of only 1.8 was 
appl ied to continental crus t on an already Ihinned lilho
sphere . and the palaeoheatflow func tion derived from 
Equation 7 of McKenzie (1978). This is as low Il palaeoheal
flow function as we could find for an exte nsional driving 
mechanism tO the Platypus basement subsKlence. The 
eomparisons on Figure 8 c1early support the low healflow . 
metamorphic subsidence mode!. 

Further support for this conclusion may he found 
elsewhere . Von Slackelberg el il/. (1980) dredged 
non-mari ne eoaly and earbonaceous s il ts o f Jurassic age 
from a waler depth of 4.5 :!: 0.7 km in the Swan Canyon. 
Exmouth Pla teau. These late ri ft phase (prebreakup) co'l ls 
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Fisure 8 
The upper purt of /he figure sho .... s ob,e"" ed (log) vi/rinitt ref/tc/anct 
plotled ugain" dep/h for Shell Pla/ypus-'. Theorelical "Î/rinite 
reflec/ance il also sho"'n for u 10'" palataheatf/o .... model (deep 
cruslal me/amorphi,m) and a high pa/ueuhea/flow model (cru" 
t.rltnsion by s/retching), The me/hOO of ca/CM/alion is discuued ln 
Appendix J. The paloeohea/flo .... for the 1o", hell/flo .... case "'as 
deri"ed from the model discussed in Appendlx 2. The high palata
heullflo .... cau ... as deri"ed from Equalion 7 of McKenûe (1978) 
u.rins.: u .flre/ching factor of 1.8 on lm aluad)' lhinntr li/hosphtre. 

hud a vitrinile reflecta nce of 0.36 ::!: 0.02 %. il is diff icuh to 
see how such roc ks could subside so far under an eXlensio
nal mechanism and yet record such a low integrated thermal 
his tory. 

CONCLUSIONS 

The Auslralian continental margin presents major advanta
ges for the study of pOlssive margins and subsidence d ri ving 
mec hanisms : 

1) The marsin is extensive and weil documcnted . 
2) The margin is c1early di vided into five segments of well 
def ined breakup age . 
3) For reasons of c1imate . geography and oceanography the 
poslbreakup sed imenl "sereen" is thin , allowing ea!iy 
penetration. 
4) There are extensive marginal plateaus ; the majority (if 
nol a il ) of which are continental crusl wilh virtuall y no 
postbreakup sedime nt. 
.5) A quali ty data base exists, mainly as Il resul t o f Icase 
relinquishment reQuirements on offshore o il seareh. 
An exte nsive stud y of most published und openri le data on 
the Australian margi n has led us to propose that s igniricant 
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~ubsidence occurs before breakup in non·marine or !>hallow 
water environments under relatively low heatr!ow condi
lions. Breakup unconformitÎe!> are not major subareal 
erosion evenls. and depocentre ba!>ement !>ubsiclence is 
\ irtually contÎnuous Ihrough breakup. We have correlltled 
the presence of high refract ion "elocity continental cru~ t 
with prebreakup deep crus tal metamorphism . This model 
l,dequiltely describes the double exponenlial subsidence 
pattern of PllS!>ivc marain sediments, and the low vitrinite 
reflectance values in prebreakup sediment~ in particular. 

Ack nowledgl.'lII l.' nts 

Wc would like 10 thank our colleagucs at the University of 
Sydney who have contributed to our work on contincntal 
m:lrgins over many years: Gordon Packham. Lloyd Taylor, 
lan Deighlon. David Taylor and Ray Shaw. Wc arc partieu
larly gra tcful to John MUller. who originally sugge!>ted that 
Ihe infrarift sequence was lec toniClilly part of the contincn
tal "mrgin basin. The gravit y dat:l uscd in Figure 6 is u!>ed 
with Ihe permission of Professor Talwani of Lamont· 
Doherty Geological Observa tory. The weil d:lta in Figure 3 
has been extracled from openfile weil complet ion reports by 
Shell Dc velopment (AustralÎa) Pt y. Ltd . The vi trinite reflee
lance value!> in Figure 8 were determined from sample!> 
laken wilh the permission of Shell Development (Australia) 
Ply. ltd . Other llssi!>tance in the preparation of this paper 
W:l !> provided by Ken Williams. John Terrill and Judy 
ledsam. Dawn Garbler typed the manuscript and Len Ha y 
prepared the figure s. The manuscripi was re viewed by 
Gordon Packham, Leigh Royden , 1. Karlo. 1. lerche and 
Lucicn Montader\. 

ApI>Cndix 1 

A graphieal technique fo r reconstruc ting the dcpositional or 
su b~iclencc his tory of a drill hole h;ls been given hy Perrier 
and Quiblier (1974). The;r procedure has bec n somcwhat 
extended by Van Hinte (1978). His melhod was also 
graphieal and il!> interpretat ion refcrred to a!> "geohistory 
analysis". In an alternpl to quantify the procedure of 
c,Jlculating time cumulati ve ",ell !> ub!>idcncc diagram", Scla
ter and Christie (1980; Appendix A) ha\'C lldopted an 
exponential poro!>ity - depth relat ionship. We have found 
that in most cases such fu nction do not fit shaJlower dcplh 
data p<lrl icu];nly weJl. We formulate the following rela
tion~hip by as~uming that incremental cha nge in porosil y. 
d~') ob is proport ional to chllnge in load. dL. and the void 
ra li8. e : 

d<1t/ <1t - - kt dl . 

l1 ut. 

• , ---1- . 

L - (1 -<1t)d/, 

cl.:!> / .:!>' " - k dh 

1/ <1> " I l .:!>. + kir ( 1.1) 

wherc 4l j , initial (uncompacted) porosity. k is a con~ta nt. 
:Incl h is depth. For s,lnd!>: q, " = 0.4 0.5. 
k - 1.5 - 2.0 km ' 
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~haJes : q, - 0.5 0.7, k - 2.0 - 2.5 km 1. 

An exccllent approximation to the gent'ral func tion or Roll 
(197-1) b tb 0.53. k '"' 2.18 km 1 (good 10 within a fe .... 
percent). 

Equlilion (LI ) makes it relatively easy 10 correct weil da ta 
for the cfrccts of compaction u~ing the Perrier and Quiblier 
method of !>!ice!>. The lotal amounl of solid or skele lal 
material in a buried interv .. l ( Z I 10 Z,) is ,!! iven by : 

J
', 

Ir , .. (I - .:I>(II»dll. 

" 
( 1.2) 

Integraling (1 .2) by sub,ti tUling (1.1) : 

_ _ / [ l/ tb.+ k Z,) 
Ir , - (Z,- Z,) -I Lin 1/ 4l.+ k2, . (1.3) 

Thi ~ amount of skele ton i!> a constan!. The compact ion 
correctccl thickness of this layer at an earHer dcpositional 
epoch rnay he calculatcd : givcn the top (2J) and c:iJculating 
the boltom (Z.) : 

Z.-l / k.Jn(l / 4J.+ kZ.l 
= Z,- l l k.ln(l / 41 . + kz') + h,. (1A) 

A simple computer iter .. tion will solve the Idt hllOd side of 
(1 .4) for Z •. Thus. given the compaclion pammeters. and 
drillhole vlllues of depth. age. and palaeowater depth a 
computer programme can he wrÎlten which will soh'e 
equalions ( 1.3) and ( 1 A) and plot the time/cumulative 
subsidence eurves shown in figures 3. 7 and 9. 

Appendlx 2 

Sub"id.:nce L1ue 10 ùeep "-'lUl>t;,r IJlctamorpt,ism Cil" Uc 
modelled by assuming li metamorphic density increase to 
occur at the greens~'h i st facie!> - :Imphibolitc facies boun
dary. The general method of modelling !> ubsidcnce by 
me tamorphism of the deep cru st i ~ described by Middlcton 
{19KOl. where the effeet of the heat absorbed by Ihe 
metamorphic reaetions (some 40 clIl./g in the case of greens
chisi 10 amphibolite facies) is demonstrated 10 hllVe ncgligi
bic perturbation of the ambient geothernull 1,! rad ient. 
The green!>chl!>l -amphlbolile facie s boundary is as ",umed 10 

bc described by the rela tion : 

Tpb - m ,:: ' + h. (2 .1) 

for dcpths of 10 to 30 km. wherc TJb is temperalUre. z· is the 
depth 10 the phase boundary, an m and b are const,mts. 
The temperalUre dis tribution T( .::. t) În the lilho<;phere of 
thickncss H with ba!>e maintained at an anomalous lempera· 
turc of 1'0 for' ;> 0 and surface maintained al zero tempera· 
ture i~ given by : 

( ,- l , _( Hf'" T" - ' ) 
T l. t} - T. ~. er c (41(1 )' , 

H(211 + [) + =)1 
- erfc! (41(1)" + 0(= ). (2.2) 

where 0 (.,-) b the ~ lnbJe temperalUre distributinn in Ihe 
lilhosphere before the thermal evenl. :. is depth . ,i .. time . 
:lnd 1( is thermal diffusivi ly. The base of the lithosphcric .. Iab 
coincide!> wÎth the top of upwelled aSlheno~pherie material 
of anomalous temperatufe To' Assuming [or s implieity th:lt 
in the present mode! the initial depth of the phase boundllry 
is also H. i.e . ,, ' H for 1 - 0, then the displacemcnt of the 
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Gr(Jphk(11 il/us/ratrllll of lhe lIIelllOa (If cul· 
cululrllg rhe(}r/'r;cul ,'i/rl"itt refIUlUrI«e of or 
a simple case ,.,her/' Ihrtt aril/ho/e agtl ar/' 
krlOIl·rI. Top-/efr shows /ht cumululi"e sub. 
Jidnl ce or Geohislo,)' plol (V(m Hirltt. 
19711). Top-righl shows a m" del 
cOllducl;,<it)'-depth fUlle /lolI (su It'Xr) plus a 
duil'ed lemperalure-dtpth IUrletioll lor a 
g;"en heatflow value. Cen/re-Ielf gil'es /In 
uample (or fi rsllr)') po/aelJheml/ow duil,ta 
ffi/III 0 btl/ lif Iilliospliert c()(JlirlK nlodtl 
/ISSUlITlrlK a r()(Jl·age /llIIellorl (see ttXI). 
lJo/fom·lelt gil'tl lhe lemperafllre-rime fune. 
liorl dU;"ed lor euch 01 fhe thru beds, gll'ell 
Ihe prtudirlg palaeohealflo .... conduc/i"ify 
and cumulali"e subsidellce plots. BOI/(Im
righl sho ... s Ihe /heortlical log ("itrillitt 
reflulallce) _ deptlr l'fOI t/bwirled b)' illfe· 
/(ra';ulI (see l u I). Nole Ihat lliis l'loI is 
iJsel/fit/II)' lirltur as slattd b)' Dow (19n). 

----·~'~-=_----------Î 
\ , 

-• --
phase boundary L(t) - H- 1.', can be !ound by solvin!! (2.1) 
and (2 .2)simul laneouslywith z = z' for H - z·. We will show 
thal L(t) is proportional to the square roOI o! lime fo r sm:llI 
values of time. 

ln the vidnity of depths ;Ipproaching H ;1 00 for small values 
of 1. equalion (2.2) is well approximated by : 

( 
H -, ) T{z, t )""T.er!c ~ + Gz+F, (2.3) 

where 0(1.) is assumed to bc l111ear and equal 10 G z .... F. 
Further, for sma/J values of H - ~'/(4 KI)' I1 , equation (2.3) 
can be wrillen : 

T( l, 1) - T. -( T. L)'ï1_ GL + GH + F, .. , (2.4) 

where L H - ,,' :md is the expression for the temperalUre 
at the phase boundllry. Equation (2, 1) C:ln be rewritten as: 

T",, - mH +b - mL, (2,5) 

where again L H .t'. 
Solving (2.4) and (2 .5) simullllnet)us ly for L. we (ind : 

[T.+ H(G m) + F bl ," 
L(t) · (T. +(,rKl) ,I' (G 11/)1 (1ud) , (2.6) 

Typ.caUy. G 6.67 C/km, F 300·C, m . S~Clkm and 
b _ 350'C. Hence. for sm:.11 t, Tn is very much grealer Ihan 
(1I't)1I2 (G - ml . and equation (2.6) is weil ilpproximatcd 
by : 

L() (T.+ H(G - m) + F - bJ '" 
1 - T . (lI'KI) . (2.7) 
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Equation (2.7) s ta tcs thm for smaU limes L(I) is proportion:!1 
10 the sq uare root of time. 

Displacement of the earlh 's surfa ce I( t ) due 10 the densit y 
change involved in the movement of the phase boundary a 
displacement L( t) Îs : 

1(t) ""(~) L(t). 
p, 

(2.8) 

where p. is the densÎty of the amphibolite fa cies rock lInd p, 
is the density of the greenschist fa cies rock . I(t) i ~ also 
proportional to the square root of lime . 

Acting againsi this subsidence, I(t). is upli!1 due 10 thermal 
expansion of the lithosphere entailed by the heming during 
the thermal evenL This uplift h(t) is obtained from the 
inte,sral : 

J" ( H- ') h(t) = aT •• erfc (411;1) '" d z 

- aT.(4 11;/ )"0' (lI'r '" - ienc ( 4 II;~ ) ' '') J ' (2 ,9) 

where a i ~ the eoerricienl of thermal expansion. In the small 
lime approximation, ier!c [H/( 4 1)'11 , is dfeclively zero as 
(41(' t )1I1 < H. Equation (2.9) becomes : 

4 t ," 
1r(I) - nT.(-J-) (2.10) 

DÎsplacement Sh(t) of the sedimenlary basi n b:'$emcnt 
ç;lused by the melamorphism rnechanism is given by ; 

S.( I ) _ /( I ) _ II(I). for Jr(I»/(t} 

S. (t)=~[I(I) - h(t)]. for Jr(l ) < /(I), 
p~ - p, 

(2.1 1) 
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where the negative sign indicates uplift. Pm is the density of 
the mamie and p. is the density of Joading sediment. 
Equation (2.11 ) applies for sediment loading 10 sea-level. 
neglecling compact ion of sedimenl. 

Subsidence of the sed imentary basin basement given in 
(2.1 1) is lineluly related 10 t l/2, Ihe square root of time af ter 
beginning of subsidence. For large limes. the expression for 
subside nce departs from the f il form 10 a function of 
exponential form. 

Appendb: 3 

According to theoretical che mistry , the raie of change of 
coalifica tion should vary with temperature as defined by the 
Arrhenius equation : 

k = A exp(- E/RT), (3.1) 

where K is reaction rate consumt , A is Ihe frequency factor. 
E is the activation energy. R is the gas constant. and T is 
absolule temperature. In practice. however il is not poss ible 
to describe observed coal ification by such an expression 
using constant A and E. Most authors have conslructed 
nomograms , etc., using empirical relationships. Hood el al. 
(1975) however. imposed equation (3.1) on Iheir diagram 
whieh relates level of organic metamorphism (LOM) to 
inverse absolule tempc rature and "effective time··. The 
slopes of conSlant LOM lines on their Figure 3 are propor
tional to activatio n energy. That figure shows that E varies 
with lemperature or LOM such that the reaction raie . or ra te 
of change of degree of coalification doubles with each 10"C 
OO.2"C) increase in lemperalure. This relalionship had been 
proposed by Lopatin (1971) and adopted by Shiboaka and 
Bennett (1977) in the construction of their nomogram. 

The frequency fac lor is also a possible variable in higher 
order vers ions of equation (3.1). However suitable expres
s ions do nOI appear to be Iheorelically jus tifiable. Thus , we 
have chosen to quantify the empirical relationship noted 
above : 

reaction raIe . 

k = de 
d' . 

(3.2) 

where c is an. as yel unuefined mensure of coal ifiC,lIion. AI 
constant cooking time : 

'K -=LaT , 
i.e. k = a e OT 

• (3.3) 

k will double for a 10.rC Increment in lemperature when 
a = 1n(2)110.2 (Le .. 0.068). 
Combining equations (3.2 and 3.3) ; 

c = L k dt 

=(/ [ eO

' dl (3.4) 

- " f 2u1·· ' dr , 
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Le. cfa *' rn; the IÎme-temperalure index defined by 
Lopalin (1971) and Waples (1980) . 

.If we define "effective time". le as the lime for which 
cooking al a temperature T mu will produce the same 
coalification Ihen : 

c = al, eo T
_ . (3.5) 

where 

l, = e-o T
_ . J.'''' e"' dT . (3.6) 

Effecive time is thus an exponentially weighteu mean 
cooking time . Differentiating equalion (3 .6) wilh respect 10 
lime ; 

dl, dT 
--I-a/dt 'dl . (3.7) 

This is the mathematiclll expression of the graphical proce
dure described by Shiboaka and Bennett (1977. Fig. 6). To 
demonstrate the rela lionship between this nomogram and 
Ihat of Hood el al. (1975. Fig. 3) consider Ihe case where 
temperature is a slow. monotonically increasing function 

lime . Then .~ in equation (3.7) should approach zero, and: 

J d, 
t =- .--
, Ct dT ..... · 

Effective time is then the lime Ihat lemperalurc has been 
with (l /Ct)OC of the maximum temperature (Le. 14 .7~C). 
Hood et al. (apparently arbitraril y) defined effective time as 
the time wilhin 15"C of maximum temperature. Thus the 
nomograms of Shiboaka ,Inu Bennett . and Hood et al. are 
equivalenl. 

Degree of coalification is not a direclly measurable quan
IÎly. Hoad el al. (1975) defined levels of organic melamor
phism as a function of 1. and T mu but Shiboaka and Bennett 
used the directJy measurabJe vitrinite reflectance (or per
centage mean or random oplical reflectance of viITinile). 
Hood el al. provided a funher nomogram relating vitrinite 
reflectance 10 LOM. We have cmpirically calibrated equa
tion (3.5) 10 bolh data sets and concluded that ; 

R! .• '" = C = al, co' .. , 

whcre 

a = 2.7 x 10-" for l, inm. yu. (3.8) 

Vilrinire ref/ecIance modeililrg 

To apply equalion (3.8) 10 making model predict ions of 
vitr inite reflectance. a quantitalive expression for tempera
IUre as a function of time is required for ail model depth 
poinls. To do this il is necessary 10 reconSlruct the Ihermal 
s late and depositional his tory of a drill hole or lest locat ion . 
The latter problem is resoJved in Appendix 1 and shown in 
Figure 9. The forme r is resolved by considering bolh 
thermal conduclivi ty and palaeohealflow (a lso see Fig. 9). 
Ideally, thermal conductivilY measurements should he avai
Jable from a drill hole. 50 as to accurately determine 
temperature distribution between surface and Ihe bonom 
hole temperature now. and al earlier limes. In prilctice. such 
measuremenlS are not made and we must make do with best 
estimales of conductivity. For sediments in s itu [he val ue of 
thermal conductÎvÎty varies between 2 )( 10~ } and 
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12 x 10- J cal.em- I . OC - l. It increases markedl )' with 
decreasing porosit)' (i.e. depth of burial) and decreases with 
increasing temperalure (also with depth). We ha ve found 
that a suitable Ihermal conductivit)'/depth functio n is given 
b)' : 

K '" Km - (Km - Kg) exp (- j3h). (3.9) 

where Km is maximum thermal conductivit )' at zero porosit)' 
and deep basin temperalures ; Ko is minimum porosit)' al 
surface porosi!)' and temperature ; and 13 is a conslant giving 
the e;\ponential rate of change wilh depth, h, betwee n these 
Iimits (see also Sclaler, Ch rislie. 1980, Fig. B3). Wherc 
compaction is s low and lemperalUre gradient effects high. 
13 = 0.5 - 0.7 km - I . Where eompaction is rapid and tempe
rature gradient effects low ~ 13 = 1.2 - 1.4 km 1. 

To calculate a tempera turefdeplh function. assume ze ro 
heal generation from within the sed iment pile . The heatflow 
equation becomes: 

(3.10) 

where Q is hcatflow posilive upwards, and h is depth 
positive downwards. 

Combining equations (3.9) and (3. 10) and inlegrating with 
respect to depth : 

T Q l' 1 lK. K. -K. ')jj T = O+K .. 1+j3 ln Ko - K.. exp ( - j3\ 

(3.11) 

where To is surface or seabed temperature . If il is assumed : 
thal 13 and Ko do not var)' much regardless which part of the 
sedimentar)' section is considered ; that 13 and Km do not 
var)' mueh with changes in Q ; a nd that To does not vur)' : 
then it is possible to appl)' equation (3.1 1) al ail pasl times on 
the time/cumulalive subsidence plot (Fig. 9). We have round 
this a quile adequale procedure, and one which is cerainl )' 
s imple . and gives excellent approximations. 

The heatrtow ma)' be a variable funclion of gcological time. 
In faet, in a normal sedimentar)' bas in which form s b)' 
lithosphere cooling and contraction (Sleep. 1971) heatfJow 
would he expected to decrease with increasing lime and 
sedimentaT)' accumulation. Taking the e;\amplc of the 
coolîng infinite half spacc model summarizcd b)' Watanabe 
et al. (1977): 

KT 
Q(t) = ("'I"Id)'" 

H(t) = 2p~aT ... (~f> 
(p~ p, ) 

(3.12) 

(3.13) 

where TA is the anomalous tcmperalllrc; k is thermal 
diffusivit)' ; H is sedimentar)' thickness ; P. sediment den
s it)' and PM Îs mantle densit)' ; lInd a is the coefficient of 
thermal e;\pansion. ln this case programme prolection Îs 
required agaÎnst Ihe heatflow singularit)' al zero time. The 
common unknown here is TA which ma)' he climinalcd : 

Q(t) = C.(p~ - p,) . HU) 
2ap~ 1 

(3.14) 

where C. Îs specÎfic hea\. Equation (3. 14) provides a 
poinl-b)'-point estimalion of healflow after time zero. Wc 
have preferred to carr)' outlileast squares fit 10 cum ulat ive 
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subs idence data using equation (3.13) and then evaluatc 
anomalous heatflow usi ng equation (3.12). Either wa)', the 
cumulative subsidence of the basin at the drillho1e location 
provides the first appro;\imation of palaeoheatflow (Fig. 9). 
At Ihis point is possible to generate a temperature/ time 
function for eaeh bed of known age and depth (and 
palaeowater depth) in the drill hole or tesl localion. Thi s 
applies equations (1. 3 ; 1.4 ; 3.11 ) and equations (3.12 ; 3.13 
or 3.14) or an independent estimale of QU) in a computer 
programme of sufficÎent simpJicit )' to he run on an)' 
minicomputer. The st)'lized OUlput is shown in Figure 9. 
To compute theoretical vitrini le reflec tance, the integral in 
equation (3.4) is ca1culated numericall)', and summed . Let 
tcmperature rise lincarl)' over a short interval from Tl to Tl 
(time interval t1 10 t~ from the onse! of deposition). Then : 

1 '" {' e"T dl , 
" 

the slore of Ihe temperature/time fun Clion is : 

dl l, - l , 
dT = T, - T , =-y, 

coY dT = 2 (e·~, _ cOY,) . 

" (3.15) 

The value of the integral is summed fo r all lime increments 
after the onse! of deposition of the parlicula r hed. The value 
of the sum is then converted to vitrinite reflec!ance using 
equation (3.8) : 

R.. = (a.1) , ."" 

Contours of equaJ vitrÎnite refleelance ma)' be piolleù on the 
time/cumulative subsidence curve (Fig. 9) und curren! (pre
sent da)') values of vitrinite reflectance ma)' be direc tl )' 
compared wÎth drillhole observation. Palaeoheatflow mil )' 
then he modified to produce a belter fit between theor)' and 
observation with the concomitant prediction of palaeomatu
ration. 

An apparent weak point in the computat ion is equation 
(3.11). 1 n practice. however. ca1culated vitrinite reflectance 
is not particuJarJ )' sensitive to sorne variation in Ko_ Km and 
13. Since current bottom hole and surface lemperature arc 
fixed, variations in these parameters affect onl)' the curva
ture of Ihe (log) vi trinite refJectancefdepth func t ion belween 
IWO essentiall)' fixed poinls. Changes in palaeoheatflow 
produce changes in the gradienl of the (log) vitrinitc 
refleclance vs. depth eurve. Indeed th,tt gradient has a 
straighlforward theoelical significance in cerl;lin simple 
cases. Dow (1977) noted that generall )' the slope of the log 
( R

o
) vs. depth fu nClion was essentiull)' cons tllnt. Th is can he 

dh demonstrated given a cons tant deposition rate . S( 31), and 

constant palaeoheatflow (i.e. T = ~. h 

• a J' ("). aK (.), R,; =- eT dlJ - --(e - 1). 
S D aSQ 

Taking the 10glO of both s ides llOd differentiating : 

d " Q di! log,. R., = log,. e . -; . K 

= 0.005 aT l ait . (3.16) 

Thus s lope in proportion;11 10 Ihermal gradient in Ihe 
s imples l case. 



O. A. FALVEY. M. F. MIOOLETON 

REFE RENCES 

HOIl ,'\1 . P. H .. 1971 . Evolution of young continental margins and 
forma tion of sh<:lf basins. Teclonopll)'sics, Il . 319·327. 
Burkl' K., 1975. Hot spots and anlacOf,:ensof the European margin : 
Leicester/Shropshire: OsloiFren; Atno. Geo/. Soc. Am. Ab,ur .. 7. 
34·35. 
ChriSlenstn N .. 1965. Compressional wave velocities in metamor· 
phie rocks at pressures ta 10 kilobars . J. Geoph)'s. RH .. 70, 24. 
6147-6164 . 
Deighton 1. , Fa l ~ey D. A., Tllylur D. J . • 1976. Depositionnl environ
ments and geotectoniç framewor k ; southem Australia continental 
margin. A.us/. Pe/rol. Exp/or. Assoc. J .. 16. 25-36. 
llt'wey J . F., Hlrd J . ,'\1 .. 1970. Mountain bclts and the new global 
tee tonies. J. Geoph)·s. Res.. 75, 262~-2647. 

Dow W. G., 1977. Kerogen SlUdies .. nd "eological interpre tations. J. 
Geo(·hem. Explor .. 7, 79·99. 

Ewing ,'\1. , Hawkins 1" V. , Ludwig W. J ., 1970. Crustal s truClUre of 
the Coral Sea. J. Geoph )'s. Rn .. 75 , 11 , 1953-1962. 
Fllh 'l')' D. A., 1972. The nalUre and origin of marginal plateaux and 
adjacent ocean basins off Northern Australia. l'II. D. Ihesis. U,lh·. 
NS. W. (unpubL). 238 p. 

l-'lIl.-ey 1). A. , 1974 . The de\'elopment of continental margins in plate 
tectonie theory. A/IS/. Pe/rol. Explor. A ssoc. J .. 14, 95-106. 

Fllh 'ey D. A., Mutler J . C., 1981. Regional plaTe tectonÎcs and the 
evolution of Aust ralia's passive continental margins. BIIT. MÎner. 
Resour. J. A~Sf. Geo/ .• Geoph}"s .. 6, 1-29. 
Hood A., Gutjahr Co C. M., tleacock R. L. , 1975 . Organic metamor· 
phisf\l and the generation of pel roleum. Am. Assor. l'elrol. Geo/. 
BIIII . • 59, 986-996. 

Lopat ln N. V., 1971. Temperature: !:eological lime as coalificaTion 
factors (in Russian). Akad. Nuuk SSR [Z" .. Ser. Geo/., 3, 95-106. 
McKcn~ ie O., 1978. SOnle remarks on the development of sedimen
tary basins. E(lrlh PlllI/e/ . S6. Lel/ .. 40, 25-32. 
Middleion M. ~'., 1980. A model of intracratonÎc basin formation. 
ent,, ;lin!: deep crustal meTamorphism. Geophy.,·. J. R. AS/roll . Soc .. 
6 1, 1-14. 
Muttc.r J . C., 1978. An analysis of the Mesozoie-carly Cenozoic 
ri ft ing history of AustmJia and Antllrctiea. M. Scî. /ht'SÎ$. Uni,·. 
Sydlle)'. (unpubl.). 223 p. 

l'eUler R., Quiblier J ., 197.:1. Thickne~s changes in sediment .. r)' 
layers during compact ion his tory : methoos for quantiTa tive l'valua
tion. Am. Assoc. Petrol. geol. HII II .• 58. 3. 507-520. 
Press F., 1966. Seismic velocities, in: edited by S. P. Clark. 
Ha/ldbook of physicul Cff/l$f(l/lIJ. Geol. Soc. Am. Mem .. 97, 
195-218. 

Ri/lgwood A. E. , Grel'n D. H. , 1966. Petrolo!:ical n .. ture of the 
stable continental crust. edited by J . S. Steinhart. in: Tlle l'ar/II 
bel/ea/h Ille COlllil/en/s. Am. Geopll}'!i. Ullilili Geop/I}·s. ,\-IOIlOSr" 
10, 611-619. 

114 

Roll A., 1974. Longterm compaction of sedirnent:uy rocks and 
consequences - a review (in German). Geai. Jallrb .. Ser. A. 14 . 
76 p. 

Roydtn L., Sdllter J . G., \'0 /1 Her~en R . P .. 1980. Continental 
mar"in subsidence and heat flow: important pammeters in forma
tion of pe troleurn hydrocarbons. Am. A ssac. Petrol. Geol. Bull.. 
64.2. 173-187. 

Sdu lCr J. G . • Chris tie .. . A. t' ., 1980. Continental stretching: an 
explanation of the post-mid-Cretaceous subsidence of the central 
North Sea Basin. J. Geopllys. Res .. 8S, B7. 3711·3739. 

Sheridan R_ E .. 1969. Suhsidence of continental margil1s. Tec/O/w· 
physics. 7, 3. 219-229. 

Shiboaka M., Bennett A. J . R., 1977. Pallerns of diagenesi~ in some 
Australian sedimentary bas ins. Alls/. Pelrol. Explor. AS.fOC. J .. 17, 
1. 58·63. 

SJeep N. Il ., 1971. Thermal effects of The formation of Atlantic 
conlinenta! margins by continental breakup. Gel/pll)'s. J. R. Asmw. 
SOI".. 24 , 325-350. 

Talwanl M., Mutter J ., Uout! R. , KOl1i k 1\1 .. 1979. The crustal 
structure and evoJution of the nrea underlyin!: the magl1etic qlliet 
7.one on the margin south of Austral;a. in : Geologicul tmd 
lleoph)'skol i'",esligll/iolls of colltinental morllins. ediled by 1. S. 
Watkins . L Montadert and P. W. Dickerson. Am. AS$oc. Pe/rol. 
Geol. Mem .. 29. 151·175. 

Taytor L. W. Il., l-' Ul vfy 1) . A., 1977 . Queensl;:,.ml Plateau and Coral 
Sea b.UÎIl : s tra tigraphy, structure and tectonÎcs. A u.!.,. Pelrol. 
Exp/ur. Auoc. J .. 17. 13-29. 

Van Hlnle J. E .. 1978. Geohistory analysis-application of micropa
leontoJogy in exploration geolugy. Am. Auoc. Pet roi. Geol. Bu/I.. 
62. 2. 201-222. 

Vee,·u s J. J ., \9110. Australian rifte.:J margins, in : GeodY/Ulmics of 
seismiclllly inac tive continentul m .. rgins. edited by R. A. Scrullon. 
Final Rep. I.G.C. W.G. 8. Am. Geophys. Union. Washington_ 
D.C .. in press. 

Von SllIckeJberg U. , Exon N. F., Vun Rlid U . . Qulll}' P .. Slwfik S .. 
8elersdorl Il ., Seibertz E., "",,'ers J . J., 1980. Geology of the 
Exmouth and Wallaby Plaleaus off northwest Australia : sampling 
of seismic sequences. BUT. Miner. Resollr . J .. S, 113-140. 

Wap.es O. W., 1980. Time and tempcrature in pelroleum forma· 
tion: application of Lopatin's method to pctroJeum explor .. tion. 
Am. Assoc. pel. Geol. Bull .• 64. 6. 916-926. 

Walanabe T., Langse th M. G .. Anderson R. N .. 1977. He .. t flow in 
baek-arc basin~ of the We\tern P~cifi c, in : Island arcs. deep ~ea 
tcenches. lInd back-~rc b.1SÎnS. Maurice Ewing SeT .. 1. Am. 
Geoph)'s. Union. 419·427. 

WallS A. B .. Rywn W. B. R. , 1976. Flexure of the lithosphere at 
continental marllin basins. Tectonophysics. 36, 2S·44 . 


	12

