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The geodynamic cvol ut ion of riftcd continental margins is discussed. based on preliminary 
resullS from a thermo-mechanical model. This model uses the tcmperature dis tribution 
predicted by extension of the lithosphere during rifti ng to derive the medanical properties of 
the lithosphere which in turn dete rmine its response to loadi ng by sediments and water. The 
mode! predicts the evolution of the marginal sedimentary basin. the configuration of the 
erust-mantle boundary. and the gravit y anomalies. ait of which result from extension during 
rift ing and from the isostatic response to load ing. The properties are described in general terms 
and are a lso shown to compare favourably with observational data on the Nova Scoti;ln 
continf;:ntal margin. 

OcellllOl. Acw. 1981. Procecdings 26'" International Geological Congrcss, Gcology of 
continental margins symposium. Paris, July 7-17, 1980, 123-128. 

Résultats prél iminaires d' un modèle t hermo-mécanique pour l'évolut ion des 
marges contine ntales de type atla ntique, 

L 'évolution géodynllmique des marges continentales en dis tension est étudiée à panir des 
résul tats préliminaires d 'un modèle thermo·méeanique. Cc modèle ut ilise la distribution de 
température que l'on peut prévoir à partir de l'extension de la lithosphère pendant 1<1 
distens ion. pour en dédu ire les propriétés mécaniq ues de la lithosphère, qu i déterminent a lors 
la réponse à la charge d'ea u et de sédiment s. Le modèle préd it l'évolution du hass in 
sédirnenlflirc marginal. la conrigurat ion de la limite croûte·m<lnteau, et les :'lnomalies de 
gravi té. li p:trtir de l'extension pendant la dis tension et de la réponse isos tatique au 
chargement. Les propriétés sont décrites en termes généraux et s'<lppliquent favorablement 
aux données de l'observation de la mllrge continentale de NouvelJe·Ëco~se, 

On!(l/Iol. A C/(l, 1981 , Actes 26" Congrès International de Géologie. colloque Géologie des 
marges continentales, Paris, 7-17 juil. 1980. 123-128, 

Horizontal extension of the lithosphere during rift ing 
between two continenl._l plates is o ne process which 
correctl)' pred icts mosl of the first order observed proper­
t ies of rifted , Atlantic·type (or passive) continental margins, 

T hese observations includc the thinning of the continental 
crust over la teral dis tances of seve rai hundrcd ki lometers 
landward of the ocean·continent boundary (Sheridan et al .. 
1979; Montadert el al .. 1979 ; Keen , Hyndman, 1979); the 
subsidence of the margi ns after the onse t of se:! fluor 
sprcading (S leep , 1971 ; Watts. Steck ler, 1979; Watts, 
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Ryan, 1976 : Keen. 1979 : Royden. Keen. 1980) : and IiSlric 
faulting in the brittle. upper crust across the margins 
(Montadert el al., 1979). While other proce5ses 5uch as 
subaerial erosion (Sleep. 1971): horizontal outflow of hot 
conlinental lithosphere toward oeeanic li thosphere (Bolt. 
1971) : metamorphic phase changes a t depth (Falvey. 1974) : 
and magmatic intrusion (Royden el al., 1980) may play 
important roles in the evolution of the ri fted margins, we 
assume in this paper that extension is primarily responsible 
for the development of the margins and investigate the 
thermal and mech:tnÎcal consequences of this model for 
isostatic ad just me nI beneath sediment and water loads. 
These consequences are important because the isostalic 
response to Ihe loads greatly ampl ifies the subsidence 
caused by cooling and densÎty Chltnges in the lit hosphere 
during and aft er ri fting. Unlcss this response is evaluated 
using models thllt accurately reflect the rheology of the 
lithosphere, such first order prope rt ies as the depth to 
baseme nl and sediment th îckness, the depth 10 the crust­
mllntle boundary. and the character of the gravit y anomalies 
across the margins çannot be acçumtely predîcted by model 
caJculalions. 

CONCEPTUA L MODEL 

Thermal properlies 

The thermal aspcçts of the exte nsion of the Jjt hosphere 
d uring rifting a rc based on Mc Kenzie-s (1978) model of 
inslantaneous stretchina of the lithosphere. If the crust and 
lithosphere a re stretched by an amount~, hot astheno­
sphere will rise beneath the s lretchcd region. This produ(;es 
an initial subsidence, which is caused by the isostatir; 
response of the thinned and hea ted li thosphere to densi ty 
changes (Mc Kcnzie, 1978)_ The initial subsidence is follow­
ed by the Ihemuû srlbsidellce. which occurs as the plate 
cools. contraCIS and thickens aCter rifting has çeased and 
sea floor spread ing has begun be tween the two rifled 
continental m:lTgins. The~e two componen t ~ of subsidence 
will toge lher be called the lee/oll ie subsidellce to di~tinguish 
il from the subsidence eaused by isostatiç response to 
loading by sed iments and water. 

Stretching across li rifted margin will result in a transition 
from unmodified continental lithosphere (13 = 1) to oeeanic 
lithosphere , where 13 is large. The larger the value of p. the 
more Ihinning, heating and overall tectonic subsidence. A 
value f 13 = 10 was chosen for oeeanic lithosphere. More 
properly, Ihe thermal and subsidence his tory of oceanic 
lithosphere should be mode lied using 13 " J; , so that l'III of 
the original continental lithosphere is destroyed in the 
extension process. Because the details of ge nerating ocea­
nic Jit hosphere were not of particular concern, we chose for 
simplicity to model the generation of oceanic lithosphere by 
approximati ng its behavior by large but flnite extension. 
The justification for this approximation is that a value of 
13 -= 10, when combined with reasona bJe physical properties 
of the lithosphere (see caption Fig. 1). gives an initial 
subsidence. 2.66 km. equal 10 the depth of ocean ÇTUst 
newly fo rmed at mid-ocean ridges. Furthermore, the subsi­
dence and thermal history computed for fintte extension by 
10 is very similar to that obtained for oçeanic lithosphere 
(sec McKenzie , 1978), and allows for a ftni le thickness of 
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Figure 1 

A MOOEL F'bA ATLANTIC TY"E MARGINS 

CONTIHE~AL (J - J;l-­
OCEA~"IC -" , ,., 

Schema/le represfrllmion of a rhemro-meclrarlical model 01 a ri/led 
COlllilrelllal margin. The Ilrermal properries of tht lith()spllere are 
desaibtd b)' utension alld /lrilllling of th/;' lithosphere by amuun/s. 
(3. durillg rifting (MeKellzie. 1978). Values of (3 control lire amOlllrl 
(JI Ihinnill!: ulld ure lurgesr mr the lia/mie side of lire murKin . The 
Ihermal lilhosphert. ,..hose base is de{illcd by lempera/llrc T" is 
sllhdil·ided illtQ rhue :!olles al dif/erill.8 rhcologicol propenies. The 
upper ~OIre cO llsisrs I)f incompelelll rocks; lire sedimenu deposi/ed 
during al/d /Jfler riflill!: Ulrd ex/ellsimr alld the upl'umost cruslal 
layer ,..h!ch ,..as fellli led during riftin g a/Id has sillet acred as purt of 
Ihe il1cm.rpe/ent layer. The middle ::one, here cal/ed tire rlreologicol 
li/llt/sphen. is Ihe layer which .fUppOr/S Jurface loads 01 sediment 
/md ... a/er und btlra,'es as a perfectly ela~1ie layer. buoytd ul' b)' Ihe 
ullderlying laya ,,'lrose lIIulranical proper/ies are tilOU of an 
illcompressible fluid. Tire hotU/dar)' het ... eell tlle rhtologlcal lilho­
spllue alld lire underlyillJ( fI/lid oeellrs ut Ihe rt!/JxutÎall isotherm, 
Tif. The depth 10 Ihis imllrerm ... iII ,· halls.~ with time ulld ... lth 
POSilioll acrasS lire margil!. Tire eltlstle be!ral'iour of the rhe%écal 
litlrosphere ".i1/ cU /lse hendin/[ or flex/lre ,,'lIell loaded. Some 
s"b.lidttrce ... i11l1ccur dut Il' Ihis flt.mre IUlld"·urd of Ille /';lIl(e lint, 
where (3- 1 I.lIId there Is lillie or 110 leetollic subsid/;'IIce dlle ro 
exlell siQll. The rlrermal and II/eelral/jcal propenies ufrlre lirlrosl'Iœre 
ill rire models are de.\·crihed h)' the fo/lo"· ;'r/[ p/rysical properlies: 
tlrickIltss of Ihr litho~'phae befure ex/ell)·imr = IZ5 km : Ihicklless of 
lire Cr/UI before ex/ellsion _ 35 km ; Ilrermallime constUlI1 .. 62.8 
Ma ; coefficient of thermal expallsioll .. J.2 )( IO-SoC-' : thermal 
CUlldl/Clidliel of lir/w5plrere /1nd sedimflrl .. 3.06. 1.65 \\lm • C': 
detrsi/ies of 1I11J1/I1e. Cri/SI and .iediment al cre .. J,300, 2.860. 
2.JOOkg/m': POiSJ'QII·l· rurio .. 0.25; YO""j.' ·.f modllills 
.. 2-,,/0" />/1 . 

occanic cruslal materia!. which is not predicted when 
13 = '''. Horizontal variations in 13 are included in the model 
by interpolating between one-dimenloîonal solutions for 
temperature as a fu nction of time and depth. an llpproach 
which assumes that horizontal heat conduction is unimpor­
la nt. 

The calculations were made using a one-dimensional finite 
difference mode!. parameters for which are given in 
Figure 1 , rather than the analytical sol utions given by 
McKenzie (1978). This allowed the effect of lhermal 
blanketing by the low thermal conduetivity sediments to he 
incl uded , an effect which will slow the coolîng of the 
lithosphere. This effeet is particularly impOrlant in s lUdics 
of older rifted margins where large thicknesses (- 15 km) or 
sediments h:we been deposiled. 



RhwloKkMI propertles 

Isos tatic compensation under water a nd sediment loads 
across rif ted margins is less likely to be achie ved by the Airy 
model of local isostati c adjus tment in the later stages of 
their evolution because , foll owing riftina. the cooling and 
thickening lithosphere will become increasingly slrong with 
time and will exhibit bending or flexural characteristics. 
Figure 1 illus trates the way in which this has been included 
in the models. The depth to an isotherm. here called the 
re laxation isotherm. T R • is determined from the thermal 
model ; and Ihis deplh is used to define the Ihickness of an 
elastic plate whose mechanical response to loading is then 
determined . This model is s imilar 10 the flexure of a uniform 
elastic plate that has previously been used (e.g. Watts. 
Ryan, 1976), but differs from this s impler fl exural model in 
thal ils thickness will vary both with time as Ihe li thosphere 
cools, and with position across Ihe margin. Consequently. 
the isostatic response must be computed numericall y : wc 
use ft Iwo-dimensiona! finite element modeJ. 

The relaxation isotherm can not be specified in an a priori 
way aJthough resuhs from s tudies of olivine micro-rheology 
(Beaumon\, 1979) a nd of the isostatic response o f oceanie 
lithosphere 10 various loads (e.g. Watts. 1978), suggests that 
45<rC l'ô TR .. 75<rC. Thercfore . TR is considered to be a 
variable to be determined from comparison of model resuhs 
wjth observations. A further complica tion . nol specificall y 
addressed here, is that an incompetent . brittle upper crus tal 
layer may he created by faulting during rifting (Fig. 1). 
Therefore . the rheological lithosphcre . which is the part of 
the thermal lithosphere which undcrgoes flexure . should be 
strictJy defined as the region below the brillie layer and 
above the relaxation isotherm : in this pape! il is defined as 
the region below the sediments and above Ta' T his is partly 
compensated by choosing lower val ues of Ta Ihan indicaled 
above and is discussed in more detai l later. 

T he just ification for modell ing the mechanical behavior of 
the tithosphere as outlined here is based on the assumption 
that relaxation of stress. o. is through viscous fl ow and that 
the effective viscosity. \J . follows a thermal activation law 
of the type (Weertman , 1970). 

\J - \JoF(o) exp( ATrr",) , 

where Trr '" is the homologous temperature and A is an 
act ivation energy. Even for a power law rheology. where 
F(u ) _ (l'ft. n - 3. relaxalion will be mainly determined by 
tcmperalure . and for a tinear lemperalure gradient. " will be 
an ~xponential fun ction of depth . This suggests that 10 a 
fiTSt approximntion the mechanical properties may' be 
modelled ns Ihose of an ellls tÎc plate with a thickness 
dete rmi ned by lemperature. T R' This approaeh assumes Ihat 
over geological t ime scales (- 10 Ma) deviatoric stress in 
regions where T ~ TR is to tall y relaxed and that such 
regions aCI as an incompressible fluid . For T .. Tl no stress 
relaxation oceurs and surface loads are compensated by 
eills tic deformalion of this upper region. supported by the 
buoyancy of the underlying region. This is obviously an 
approximation to the true variation of viscos ity with depth 
but probllbly provides a sufficiently se nsit ive rheological 
model because viscosilY changes by many orders of magni­
tude over a smalt tempcraturc range. 
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EVOLUTION OF ATLANTIC-TYPE CONTINENTAL MARGINS 

ComputaUonal methods 

The results shown in this paper have been obtained for IWO 
cllIsses of models; "archetypal " models which de pict 
cha racteristics common to most rifted margins wilhoui 
reference to a specific region . and models for the Nova 
Scotia n rifted margin o ff eastern Ca nada where a wide 
varielY o f geological and geophysical observations arc 
available for comparison with the model calculatio ns (e.g. 
Ja nsa. Wade , 1975; Keen. Hyndman . 1979). For each 
model the variables 10 be chosen are: 1) the variat ion of ~ 
as a fu nct ion of position aeross the margin (j3(x» ; 2) the 
value of T R ; and 3) the sediment input as a fun ction of time 
and position. 
CalcuJations are then pcrformed by stepping the modcls 
through lime, in lime s leps L\ t . usually chose n to be 
10-20 Ma. The procedure is as fo llows : 1) at t = O. slre t­
ching occurs resulting in the initial subsidence as predic ted 
by local Îsostatic adjuslment. This depression is the n filled 
with a combination of sediment and water 10 simulatc 
loading o f the continental margin JUS! afler form ation. 
Isostatic ad just me ni 10 this load is calcula ted using Ihe 
mechanical model described above ; 2) a t ime inte rval 6 t 
elapses d uring which the lithosphere cools and subsides as 
predicted by the thermal model ; the position of the iso­
therm TR also changes and a further load of water a nd 
sed iment accumulales. lsoSlatic adjus tment is again calcula­
led by Ihe mechanical model. adjusted for the new dept h of 
T k ; 3) this process is conti nued over the number of ti me 
sleps necessary 10 s imula te the evolution of the margin. 
ACter eac h t ime s tep. the depths tO the sea flou r and to the 
baseme nt . the position of the M disconlinuity. a nd the 
gravit y anomaly across the marg;n are computed . 

ln the archelypal model s, the I1(x) function was arbÎt rarÎly 
chose n 10 reflect a generalized model for crustal thinning 
across r ifted margins (see fo r example Fig. 1). The sedime nt 
budgets correspond to two extreme cases; in one case a 
Slarved margin on which no sediment is deposited . and in 
the other a deltaic margin o n which large quanti lies of 
sediment have been allowed to accumulate, accompa nied by 
progradat ion of the shelf. A value of T R '" 450~C was 
chosen for thesc models. Time s tcps of 10 Ma were used 10 
describe the evolUlion up to 80 Ma alter rift ing ceased . 
Results for these models are shOWn in Figures 2 and 3. 

The Nova Scolian margin urKIerwent r ifting about 200 to 
180 Ma aga. 1t is prese ntly occupied by large Ihicknesses of 
sediments whose stratigraphy is relu! ively weil known . th us 
lillowing the sed ime nt inpui tO be modelled (J ansa, Wade. 
1975 : Barss el al.. 1979). Variations in crustal thickness 
have also been determined fro m seismic refraClion measure­
mcnts. allowing est ima tes of 13 o n the assumption thal the 
crus! was uniform before s trc !ching. Gravily data across the 
margi" are aJso available. Sorne of these data are discussed 
in more deta il by Royden and Keen (1980). who estimated 
~(x) from subsidence curves and compltred the results with 
refrac tion dala . In this s tudy. an initia l model was designed 
usina the ~x) values reported by Royden and Keen but 
these were 100 small tO allow surricient subsidence. given 
tha! the lithosphere exhibits li fin lte st re ngth in the mechani­
cal model used here. Consequently larger values of ~ were 
used (see Fig. 4). The scd iment input was constrained by 
bios trutigraphic data from deep exploratory wells (Barss el 
(li .. 1979) supplemented by seismic s tra tigraphies deri ved 
from mult i-channel seismic reflect ion data . and seismic 
refractio n data defining the depl h 10 the pre-rift basemenl 
rocks. Eleven time Sleps wit h Url average value o f 18 Ma 
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STARVEO SIMPLE STRETOfED 
MARGIN ( 450· C ) 

STRETCHING _ _____e · t)~ 
-p. ,..../ 

Figure 2 
El"OlUlion of a ba.1in cUI/sed 0)' SUO)'iJ,mce ot (J s/(If\'ed rifted 
con!Ïne/lral n!(J'gin whe,e no udinumr has been depQsiud and rll e 
bllsin ;s fil/ed enti,el,. ",ith k'arer. The f3 l'olues Iised are s lw"'u in rlle 
lipPU n"ghr hond panel mrd Ih e value 01 1~ "'us 45crc. Five stajte5 DI 
el'Dlu/ian (He shown ; times f'" ",hich are gil'",r ill Mo since riflin)/ 
cea .~ed. The free air gra"il )' anomalies eorre$pondinx 10 each .11<:1,111' 
are shown aoo"e lire basin cOllfiRuralion in each pallel. 11re shadinJ: 
npresenlS waler. Tire daslred Iines. ",hich indicate lhe del·elopnrent 
(If the basin in lime .lIep.1 01 10 Ma. wOllld IIndu 11I0Sl eircumS/mrces 
represent rire .<edimenls deposiled in the basin. Hue, ho"'e"er, there 
is no sedimellt and Ihe illies COlm/JI he relUled 1/1 busill .~ lr(Jligraph)". 

Figure 3 

DEL TA ON SIMPLE STRETCHED 
MARGIN (450·C) 

STRETCHlNG ____ ~/JorJ~ 
-/J" 

FREE AIR GRAVllY_ '8.4(j~ 

I\NCIMALY f~t;;:::(~~~~~ 
BASIN STR\.ICTURE - - ] .f'Mo 

.1 1 

EI"Dluliml of a hasin al a rilted ma'j.!ill ra ... Jrich larlle qUMrliries al 
sl'dimelll hu.'!' bUll (JJded 1/1 10'111 a delta. Thl' f3 \'alui's lued arl! 
show.! in Ih e upper n"ghl hmrd panel (mJ Ihi' "a/i<l' uf T~ ,,'(J$ 45Q'C. 
Fil'e sraRe.1 of di'vi'IQpme/U are sllO ... n ; limes 10' whieh IIU giL'ell ill 
Ma ";nce riflin)? uaSi'd. Thp. stippled 'i'Rin l! represeUls <edimen/s. 
Thi' J'olld liues ... lIhiu IhiJ ,egiou rrpfi'Sflrt !lur .l'i'dimenl added ar 
1 Ma aflfT rilling (md (1/ IQ Mtl stepS IhereafUr. 
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were uscd to compute the evol ulio n of this margin over 
185 Mli. The results are shown in Figure 4 fo r IWO models 
which differ only in having T R = 450°C and l QOOC. Figure 5 
depicts the predicted and obscrved gm vity anomalies. the 
predicted erusta l struc turc and temperature distrib \JI ion for 
the present configuration of the marg;n., 

DISCUSS ION OF RESULTS 

BerOTe desc ribing the results of model calculations, it is 
important 10 emphasize that ail results were determÎned 
entirely from the input vllriables described in the laS( 
sec tion : l3(x), T R. and the sedimenl budget. No "rbitrar)' 
ad just me ni of the configuration of the basin or of crus t<t l 
structure werc made to for ce the resulls to rescmble any 
observational data . In this manner. the validity of the 
com;:eptual model can he properly assessed . This is particu­
larly importanl in interpre ting the gravi t )' anomalies across 
rifted margins : o ften somewhat arbitrary model s are pre· 
sented which lire jus tified solel )' on the fit of the model"s 
gravit y anomal y 10 the observations. Given the non-unique· 
ness of gravit)' modelling techniques; such results ma)' not 
he meaningful. ln the present case, howe ver , agreement 
between predicled and observed gravit y anomalies provides 
li powerful conSlraint on acceptable models. 

Figures 2 and 3 show the basin development and gravi t y 
anomalies for the archet)'pal models . Pe rhaps the most 
interesting and fundame ntal result 10 emerge from this 
analysis is the dynamic nature of Ihe gravit y anomalies. 
which change s ignificllII11)' with time in response 10 the 
geodynamic changes predicted by Ihe subsidence, \;oolîng. 
and loading of the lhhosphcrc . This is panicuJarly clear in 
Figure 2. in Ihe slarved margÎn modeL Il is important to note 
tha t the gravi t y anomal)' al each stage is the sum of three 
dis tinct contribut ions which interact in a complex manner ; 
cach of Ihesc may be an order of magnitude lar~er Ihnn Iheir 
sumo These contribulions are from dens ity distributions thal 
refiecl; 1) Ihe shape of Ihe basin af ter teClOnÎC subsidence 
and loading. induding the relative contribution of sediment 
and water ; 2) the depth of the crust-mamle boundar)' after 
extensio n and deformalion due tO subsidence and flexu re; 
and 3) lemperature changes in the crust and mantle produe­
ed by the varying amounlS of extens ion ucross Ihe margin. 
These dens ity chunges occur throughoul Ihe enlire litho­
sphere and the IOtal plate thickness musl be Jnduded in 
evaluating the lemperalure induced contribution. We know 
of no ot her study where the;: las t effecl has been induded . In 
the archelypal models. for times less Ihan 30 M;t afler 
rifting, the gravi t y anomalies show a minimum over the 
oUler shelf. with u maximum centred over the continental 
:.Iope . At limes grealer Ihan 30 Ma. a maximum evolves 
over the outer shelf. wilh a minimum near the foo l of the 
s lope . The detail s of Ihe evolution of these anomalies are 
shown in Figures 2 and 3. 

Effec ts of flex ure of the elasti c plate ;He observed in the 
sediment distr ibution IlOd the gnlvily anomalies for several 
hundred kilomelres on cach side of the zone in which J3 
changes, a resuh that refiecis the choice of TR • The y are 
most not iceable for lurge 10ads, in the deltaic mode!. where 
the wavelengths and amplitudes of the main anomalie:. 
(> 200 km and 50 mgal) are mueh larger Ihan Ihose in the 
s tarved margin mode! (- 100 km and 20 mgals). Thi s ilIus· 
\fUIes the imporlance of sediment input. Gravit y anomalies 
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Fisure 4 

NOVA SCOTIA MARGIN 

-<'"/~ -<,./~ 
w.4~ ~·~c 

• 

•. f.o.,....r"--
• 

.• 
Thoofflical t"(Jlll lllln ollht stdlmtntary basin on Iht NO"(l Seol j(1I1 
conlintnlol margin (lnd Iht cOffupuolding J:ru.'ily (lrwmalits, The 
I/lca/ion 01 tilt cross-Stelioll is shown on Ih t instn, Figure 5. Thru 
S(flYU al t l'Olillioll IIrt shul<'lI /f1r 11"1) modtb ; Til. - 450'C (leI/) (Jlld 
1" _ J()(rC (rigll l). Timts urt gi.,t" ill Mu sitrt·t rifling ctuud. Tlle 
.fond lint.l· ... llhin Ort .~tdimtllts shllw tht stdimtlll irl/1I11 (1I/il'e olthe 
e/t ,·t" limll sUps IIStd ill Ih t compil/(itions (J"d tht c(Jrre.fpondinR 
timu ure indic:ated by the "umbus (lssoc/oud ,.,illl tach line _ in 
Mu si'lct rifling Cl!astd. Tht IlIru t )"pu flf shading ,.,ithin th t 
st dimtnts illdicau slrata of Ttf/iury (light Slipp/t), CrelaCtOI/S 
(mtdium Slipp/t) und lurassic (dt'lSt slipplll) age. Tht ohun·td 
basi'l Ilraclurt is tsstnfially idtllflc(J1 M'ith tllQl ShOM'1I loI' Iht 
T. _ IO/YC modd for IS5 Mo . Thlll'aluts ul {J. ,.,hich art tht samt 
l ur bulh nll/dtb , art shfl,.,n in Iht /Op palltl01 Iht diugram. 

due to rlexure of a continelllai margi n were dcscribed by 
Walcoll (1972) fo r large sediment loads and these a rc s imilar 
to the model shown here for the hHercvolutionary s tages of 
the deltaic margin. The excessively long wa ve length of the 
gravit y anomalics in this the 450"C moUe! rdlect too large li 
val ue for Til ' 

ln Figures 4 and 5 preliminary resulls for the Nova Scotian 
mlltl! in are shown . These are similar to the behaviour of the 
archetypal models with respect to thc dynamie charaCler o f 
the I!rllVity a nomalies and the larl!e flC l\:u ral effe c t exhibited 
by the T 450"C mode!. Much l e .~~ fle l\: ure and smaller 
gmvity anomalies a re obse rved in the T _ l00' C mode!. In 
the laner , the posilion of the 10l:rC isothcrm is suffidentl y 
sha llow sellward of the hinge line (where ~ > 1. sec Fig. 1) 
that Airy isos tatic :Id jus tment is achieved . This is not t rue 
hmdwllfd of the hinge line (Fil! . 5), where " fini te elas tic 
plate thickncss i~ defined. The choice of the l00"C and 
450"C isotherms to determinc the mechaniclll behaviour o f 
the li thosphere may thus represent the two extreme~ of 
pla te t hickne~s : the 450·C model produces an excess ively 
thick plate while the l00"C model yield s zero plate thickness 
over mos t of the mll rgin. These values of Til are rower than 
the suggested range of Til values : 450"C '" Til '" 750"C. As 
me ntioned abovc, the prese nce of li brinle mechanicatly 
incompetent c rustallayer whieh wiJi rcd uce the thickncss of 
thc rhcologicallithosphere (Fig. 1) has not becn considered . 
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Figure 5 
Uppe, : Obstn·td (thill solid lints) a'id cO/llpuud (heavy broken 
lints) fru air gra.'il)" alloma/its for Ihe Nora Seotiall margill . Six 
obstrl,td proliles. Irom dilferent localiolls ulong Iht lellglh uf Ihe 
III/Irgill. urt sllo,.,n 1(1 demonslmlt Ih t l'(lril/bi/il)" oflhe characurol 
lite (llloma/ies. The illse" shows Iht loral/ons of Iltis m(lr~ill ; ilnd 
Ille POSilioll of lhe emu-sect/on in f-"I/tllrt 4. Tilt Ulcnl ollhe murg;u 
{II'er ..,lrich Ilrt six obstn'ttl ",uli/ts M'tre ubwi' ied lire dellOled by tire 
("rolO'$. 
L" IO'u : CruS1U1 slrl/clI/re und isollttrm s predicled by tilt 
Til - lrKPC model for Ih t prt:rtnl lime. DoIS and Une ptlllem 
indicatt stdiments alld Ihe /tIant/e ,especlil'el)". Tht isO/herms urt 
sho..,n at 50"'C Inltn'uls. Nuit hOM' Ihese are diSloned by Ihe 10 ... 
condl/cf/"il )" sediments and Iha/lht O"C isotherm dots nOl c .1illddt 
t.(ac ,l)" wilh Ilrt Uil /100" This is "temue Ih e stdiments dtpusiltd fil 
O~C in Ihe losl limrslep hart flot ytl rtachtd Ihermal equilibrium. 

J-Iowevcr , a comparable rcduction m~ly have been effcctcd 
here by choosing unrealisticuJly low values of T R' That 
vlli ues of T R .. 450' C pred ic! unacceplable results s lrongly 
suggcsts the need to incl ude the bri llle layer. 

The bas in configuration shown for the Nova Scotian margin 
(Fig. 4) is similar to the observed sedimentary sttatigraphy . 
T he large thickness of Jurassic sediments beneath the OUler 
shelf is a lmos t as great as the tot:ll thickncss of youn~er 
sediments (Jansa, Wade , 1975; Keen, Cordsen. in prep.). 

The total dept hs to base ment also agree reasonably weil 
with the observa tional da ta. The l00"C modeJ appellfs to 
provide a somewhat beller fit to the observed basin configu­
nlt io n in scveraJ respects. It predic ts fi morc realistic 
amount of fle l\: ure landward o f the hi nge line: the 450' C 
moUel exhibits too Uluch flexure in tha t region. a lthough 
erosion may have contributed to the presentJy observed 
configura tion. Also. the 10000C model allows sufficie nt 
subs idence for the appropriate sediment th icknesses to be 
added to the basin. whcreas the subsidence predicted by the 
450"C model is too small and the sed iment input is less than 
the datll require. This is particuJarly noticeable in the 
Tertiary. Conversely. the paleowater depths predic ted for 
bolh models in the f irst 100 Ma l'If ter rifti ng llfe significanlly 
greater than those measured in biostratigraph ic stud ies 
(Gradste in el (II., 1975). This is, in large part , because the 
model sedime nts a re deposited with their prese nt level of 
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compaction. Howeve r. the cho ice of an intermedi:He value 
fo r TM would improve the model predictio ns in thî~ respect. 

A compa rison of the obse rved and çomputed gravit y 
anomalies across the marK;n (FiK. 5) ~hows that the com put­
ed anomal ies ha ve s imilar c haracterislics to the measure­
men ls : a gravily maximum o f 25·80 mgals near the edge of 
the shcJf, and a minimum of 25-50 mgals near the base of the 
continental s lope. Most o f the ob~ervlltional d a ta lie 
between the c urves predicted by Ihe models. agai n suggest­
ing that an intermediate choice of TM may provide a better 
fit la the data . The deplhs ta the c ruSI-ma ntle boundary 
predic ted by these models a rc slightl y less Ihan Ihose 
oblained from seÎsmk rdraction meal>urements. Benea th 
the o uter shetr. mea~ured depths la Ihis boundary lie 
hclwee n 26 and 35 km ( Keen. Hyndman. 1979; Keen, 
Cordse n. in prep.). while the computed deplh is 20-22 km. 
This discrepa ncy arises because the values of 13 were ehose n 
10 be large cnough to prod uce the neeessary bal>in ~ubsi-
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