Subsidence at Rifted Continental Margins

* How does a passive margin acquire this overall shape ?
* What processes control the evolution of passive margins ?
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Two-Stage Evolution of Rifted Continental Margins

(1) Rift Stage = Initial (isostatic) subsidence: due to thinning of the crust

(2) Drift Stage = Thermal Subsidence: due to post-rift cooling of lithosphere
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Two-Stage Evolution of Rifted Continental Margins
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Thermal Subsidence: conductive cooling ...
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“At the crest of an ocean ridge, hot mantle rock injected in
dykes and extruded as lava flows is suddenly subjected to a
cold surface temperature ... and then continues to lose heat
to the cold seawater as the seafloor spreads away from the
ridge. The initial cooling can be treated as instantaneous.

We know from the 10 conduction eguation where A
(radiogenic heat production) = 0 that:

Because: T = temperature
z = depth

aTlét = aqloz (1) -

and q = rate of heat

q=-KdaTloz (2) transfer
(Fourier's Law}) K = constant:

“thermal
Therefore: conductivity”

aT aT2 Basic
—_— K — @) Diffusion
Jt az2 Equation

Allen and Allen [(2013)

Thermal Subsidence: conductive cooling ...

T 5

iy
-

L

@ Drift- Stan, = Themal Subsidence .
Cealing of \ithosghare, Thickaess of matla Uth increasing ,
evkive coluwrmn 'brtc-wqrn progressiuaty danser | cmusing gubsidance .

~
5 H'i'_'-tn-l':ﬂl.”:jj fuse randals R‘mu."hn.nnuu.:l- ‘Fv Farrak subs:
‘l_é . Hedd- sgace wedel 5 curve fallows JE [’I"'} .
3'?51: Sea hoadmnt (Turcotie + Siibart, 19927 Fhosans + Scluter, J‘!??),
i'i. alate misht batwern " Hlusretical cure snd ocema dota,
=
3:% a. Plate. modal, curee Lillouss e,:pmtn#-'.nﬂ d.n_cn.-a.
'E_‘-:’. ses hendet | fuesens + Selader, I"i"r'-l-\:ﬁ‘l
_ié Jﬂmrmw; ot el {Ii’*% EGs 4. 8

Thawetical Subsideace curves wing thi plate medel hove baan
Shown T K4 read ocean data I»tf&v than o ‘-w'nr—rp-u racall |

Cen u.lg.b ﬂuﬁmg 4‘!'1:;_ E!= 43 - HE_

“At the crest of an ocean ridge, hot mantle rock injected in
dykes and extruded as lava flows is suddenly subjected to a
cold surface temperature ... and then continues to lose heat to
the cold seawater as the seafloor spreads away from the ridge.
The initial cooling can be treated as instantaneous ...”

Allen and Allen {2013)



Model Validated: ocean depth vs. age
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Equation (4-202) predicts that the depth of the
ocean increases with the square root of the dis-
tance from the ridge or the square root of the age
of the ocean floor. This theoretical result is in
excellent agreement with observations, as shown in
Figure 4-45. The figure shows the theoretical pre-
diction, Bquation (4-202), for p,, =3300 kg m~?,
P =1000 kg m™?, k=1 mm® 57", T, —T;, = 1300
K, and a,=3>10"% "K' logether with mea-

Figure 4-45 Ocean depth relative 1o the depth of
the ridge crest as a funclion of age of the seafloor,
Data from B. Farsons and J. G. Sclater. An analysis
n!hmmmmmmhmmmmmm_
J. Geophys. Res. 82, 803-B827, 1077,

Steer's Head Basin Geometry

White and McKenzie {1988)

“Steer’s Head” Geometry — Why?

* Sea-level rise?
* Flexure due to sedim. loading?
«Or... "M

Two-layer stretching: mantle lithosphere is
stretched over region wider than crust




Allen and Allen (2013)

(ay

Coastal plain

e ————————
= 7

Fig. 330 Synthetic stratigraphy along profiles crossing the
onastal plain and shelf off New Jersey, constructed using the
fenural bosding model of Watts & Thorne (1984) () One-layer
uniform deetching model. B Two-Lliver awsdel in which the
lithonphere and crust are thinned by equal amounts seaward
of the hinge zone, bul only the mantle Illlun|1|'uﬂ‘ i Bhinned
lamdhaaed of the hinge rone. The lithosphesic thinning peomales
earky uplit of the pone landward of 1Le hinge lie, ard helps
1o explain the absence of Jurassic strata from this reglon (after
Steckler et al. 19948),

Allen and Allan (2013)
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Fig. 3.31  Hasin filling patterm resulting from continuous depth-
dependent  dretching  (Rowley .H. Sahagian 1986; Whie &
McKenzie 1988) (a) Geometry of a tapering region of extension
in the subcrustal lithesphere. (i Streich factors i the crust
ard subcrusital Nihosphere as & function of horizomal dstance,
) Imitial subsidence and uplifl immedisely siter stretching.
showing prominend rift lank upli. (d) Total subsidence 150 My
after rifting, showing progressive onlap of the basin margin
during the thermal subsidence |;||'L.1w. giving a steer's head
ROy

Baltimore Canyon Trough — Eastern U.S. Passive Continental Margin
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