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An introductory review on the mechanism of basin subsidence
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CONTINENTAL CRUST
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Fig. 32 Model of a continental margin with a 200- Fig. 3b Gravity and flexural model of the litho-
km width load of sediments. A typical sphere at a continental edge.
two-dimensional model is used in the cal- Walcott (1972)

culation of the gravity anomalies.
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Fig. 4 Calculated gravity (free-air) anomalies and relative bending stress (dotted) for flexural models of differ-
ent load widths. Oniy the upper part of the models are shown the base of the crust is included in the
gravity calculations. Walcott (1972)
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Fig. 5 The gravity loading hypothesis:

(a) The initial situation prior ¥

. . ~ ~
to loading, assuming a pre- | PR W = 4005 TR ST
existing 200 km wide transi- @ Hmo iy L,
tion between oceanic and l N CCEANC CRUST
continental crust following 2 . Okm

Walcott’s (1972) model;, (b)
The result of local Airy sedi-
ment loading, assuming densi-
ty of the sediments of 2450
kg/m® and of the upper man-
tle of 3300 kg/m®; () The
result of flexural loading, as-
suming that the lithosphere
has a flexural rigidity of 2 X
10°2 N m and that densities
are as in (b) {adapted from
Walcott, 1972, with change of
sediment dnesity — after Bott,
1979).
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M. Thermal {(—based) hypothesis
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7o

L L, Bally (1980), Royden et al. (1980). Bott (1980) {3, vahd, HEuHEE (5
~10km ) OEFEACDOEFLCHET IORBEINA L ARCRERARIFAGEHIBI A
TELCLABBLTHS, LEAR, VHOLERBT5kmA2B54HiIE, VYR 74 TEE
DEERF2000C THELENEINLOT, BEOHRMBEAER GUI1300C) »oilH
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Fig. 6 The basic thermal hypothesis of Sleep (1971):
(@) Uplift following heating of the lithosphere;
(b) Initiation of new ocean accompanied by
erosion of continental uplifted region, causing
crustal thinning: (¢) Subsidence of continental
margins as underlying lithosphere cools (after
Bott, 1979).

Fig. 7 The thermal hypothesis of Falvey (1974), omit-
ting the rift stage:
(a) Heating of the continental lithosphere prier
to and during split causes metamorphic transi-
tion of lower crust from greenschist to amphibo-
lite facies, raising the mean crustal density; (b)
Subsidence of continental margins as under-
lying lithosphere cools (after Bott, 1979).
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ZOMOENIEHR (Haxby et al. 19760
KEAER (& <2 igneous intrusion, Belo-
ussov, 1960, Sheridan, 1969)ick - TF
AR OEEOBINTHREL LS 45
e bR SR ICEHE T 5,

COWREAE =5 728 Sleep (1971) Ik
- THEIB S 172 passive continertal margin
DETFNEZD®R I DDOHEICRBL T -
7o 8B, Mckenzie {1978) itk 5
stretching (extension) model, Bott ( 1971)
o Dcereeping model, & T¥Royden et al.
(1980) ™ cracking model TFig. 8 LS
oy B4R DM ek O e 40 4 B 1 0D A e
WHOFRHIC L 5 AR O EEZ X5
AN »Tc, CHiE, IRETD crustal
thinnig hypothesis TD~<35,

R, LT N TOHBEEH thermal
cooling subsidence D& AR T HH TEHAIL
#3, thermal originid, KRB/ TLHEE S
Hb-TEY, L CBOAERZOLETU
rcotte, 1980) %3S 2 LHEMTH S,

IV. Crustai thinng hypothesis

fo & A, Ao T oS (Hsu
1958, 1959 )4 EV (Hess, 1939, Griggs,
1939, Vening Minesz, 1954) M 20TH,
HCPSERPBSNTED, 19605K
DD L, A& OB RN 21
NoNBELITH-TE

T D%, HERYEBEFNERAITEORRBICH
WELDF -y iSRS, BETE, De
Charpal et al. (1978) iz 5 the north
Biscay margin DML EDG, KEER IR
TR BRIBROTHM LB & 12 » T (Fig. 9,
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Fig. 8 The thermal hypothesis with crustal thinning

by processes other than uplift and erosion:
(a) Crustal thinning and rifting at the time of
continental splitting; (b) Subsidence of conti-
nental margins as underlying lithosphere cools.

Schematic crustal section across the north Bis-
cay margin showing thin post-split sediments
(stippled), listric normal faulting affecting base-
ment and sediments of earlier age, the continent-
ocean crustal contact near the foot of the slope,
and thinned continental crust beneath the slope
as revealed by seismic refraction results (velo-
cities shown in km/s} (after De Charpal et al.,
1978).
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Fig. 10b  Velocity depth section ob-
tained along the main re-
fraction profile after in-
verting time terms to
depths. The thickness of
the lower crust is con-
strained to be half the

CEGN::&LN thickness of the middle
crust as observed at the
southern end of the pro-

Flrth of Forth Proti file'*. The projected po-
sitions of the drill holes
" it are shown (vertical exag-
Fig. 10a Seismic refraction Llines, drill holes, the major gerated four times).
Mesozoic fauits and Tertiary isopachs in the Cen-
tral North Sea. The three refraction lines ate the
Firth of Forth Line, the Crustal Control Line and
the Main Line.
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An outline of the post-Triassic development

of the Witch-ground-Buchan Graben complex.

a, Initial cross-section before Mid- Jurassic and
Lower Cretaceous extension. b, Present sec-
tion after stretching by 100% in the graben.
Nate the shallow Moho, the localised Jurassic
and eatly Cretaceous section and the wide-
spread Upper Cretaceous and Tertiary. At the
beginning of the Upper Cretaceous, the asthe-
nosphere (dashed line) had thinned by a factor
of 2.
sidence of the centre of the graben complex
were the sedimentary supply to match exactly
the basement subsidence. (Cristie and Sclater,
1980)

¢, Conceptual post-Mid-Jurassic sub-
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Mckenzie (1978)

LePichon & Sibuet (1981)
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Zfp o, surface heat flux &, surface
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I3LFig 14TH 5,

Fig. I3IGRSNTV B4 Sk, BRI,
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Royden et al. (1980) Si Pl — &P

Mckenzie LePichon & Sibuet Royden et al
the thickness of the lithosphere a {125 km) h, {125 km) 1 (125 km)
initial crustal thickness te he (30 km} te
the density of the mantle (3.33gfem?) (3.35g/cm®) (3.33gfem®)
the density of the continental crust (2.8gjcm®) (2.78g/cm®) (2.8g/cm?)
the density of the seawater (1.0g/cm®) (1.03gfem¥) {1.0gfem?)
the coefficient of thermal expansion a (3.28%107/°C) @ (3.28%107°C) a 13.3x10%/°C)
the temperature of the astenosphere T,{1333°C) Ta (1333°0) Ty (1333°C)
initial subsidence S Zj 85
extension factor B B 1/(1-tg)
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Fig. 14 Logyole(t)]. where e(t) is in metres, as a func-

tion of time for various values of §. The

arrows mark the positions where straight lines

fitted to the curves for values of £ 22 20 My in-

tersect the £ =0 axis.
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HWEROMEEE»S g2 REIC L EE L
TEEHEHBLTOS, Hitkiud, pERE
AR EOHER, BULICHE 2R BREL
TOWIRVEEERSR LIS, ThiMEL
TR R S s RN OIS SRV THE S
LLELEAHSERBLTVS, ZOLSICZL
THBHE, MHIRTIR =220, BKE
OB L RATE 2L LT3, HEE
T A ) HEEEHO Great Basin T6, BB
BELoMEORELDAZUHESEETE
LT L b LI, ThomEORTE,
RIBHAETHRREL TEY, BxBoEE
BERDEVLESATHS,

JOHOHERR, LA, L SilcoeFabtRiclBALY%, LT, g=15

LiEES N D,

Sclater and Christie (1980) I ki, dtfEOMEIZ50~100%, A6 A= 15~2.0TH 3,
Ll LT, Wood (1981003, Sclater and Christie ( 1980) DfRI3, #kfos(krm
BL, poKECRRBIEETHELLLT, F—-Y v 77T — 5 OFEMERIrMS, =1.35tFH

"D_(t(\5c

W LTS, COoEF G, RITOBRBICA -IEM0 T, 4%LnE < 0kE EBHRT
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HbHDEEDbLND,

{2) Creeping model

AEEHIRR I brittle fracture i & -» TR T AW IcomE s FipRideE (EX10~20km) &
ductile flow iT & » TEE T2 HEMBNCTH (D) s FTRBRESY &ha L T5EZ 55 3 (Artem-
jev and Artyuskov, 1971; Bott, 1971; Fucks, 1974), MIBOERIIHEN T, FoESEH

BB AR IC L 553, ductile layerid TAF /27 4 7L DEL,

Bott (1971, 1973) ¥ Bott and Dean
(1972) iz MU, Fig 15BRMICREN
5 &5 MR DR S O s L KREgD
BTELTEY, 20oERECIEAHR, T
UL % O KB bR b O 7 O AT ik
~RHEEBRER &85, B - TABERIIR
AL DABEHIGR ILTE < 1D O BEEE T AR AR
BRI, KEGOEOKEMIT 1 v 2
7 v —MHERIC L > THRBEE RT3,
ZOWBEEREEEIGHCE>Ta v b
—nvERhL, TbL, BEREDS ) -
BECE > THELEhE T o2 b,
BHRMEEHRE Y v 27 « TOBRENE
AR E U ZOBERICEL, €Ok,
W &dtics & 2 IRMBEMM B AEET 5
CEMRFENG, S 5IEETERBRIIAS
— ISR ESRICH S FITE RGBS
ROEABERNIHE ShATEESh,
e hsERSsbELNENH NS,

IO, EhrodiE (L) A
b e EEIc X - TS, b
THRURSEE 7 ) - TR > THEBT S0
ESECSRBREL, WETLERY) VRT
1 THRICHE U 72 RERYHE 48 O R % 8
#LIHT T S0,

BIE K 210 T Vetter and Meissner (1979)
i3, passive margin kT3, S% B0

ARITHEERFD,

UL XXX

1] ‘t " ‘l " '.‘. ‘I
Ay

HEEahhy
“’t?ﬁ'ﬂ'ﬁ

The crustal flow hypothesis of Bott (1971):
(a) magnitude and direction of the principal
compressive stresses arising from differential
gravitational body forces across a passive mar-
gin, the intermediate principal stress being
everywhere perpendicular to the model (after
Bott and Dean, 1972). (b) progressive grada-
tion of the transition between continental and
oceanic crust caused by seaward flow of the
lower and middle continental crust in response
to the stress system. This causes thinning of
the crust beneath the continent with conse-
quent isostatic subsidence, and thickening of
crustal material beneath the rise with comple-
mentary uplift.

U A7 4 TIRHEETLIAETTs)V—7L, B subduction & passive margin & 5 active
margin ~OsHE A4k X4 548, Bott @49 middle crust ¥l s W —7 33icimTE 5L

BoTihs,

BHEICOOTCR, FHORBETE, FriciiBEREBEgdsicbicEAshi=r<itillac
$hizh, —HiEBRETOEBELE~Y FPLVHRHEZEELTW 3R LK WAEAED &L CHRE

DIEHABIT L,

Bott i3, #ROBEOFEREZ 2 ) -7 iKDHTHED, (1 OMREFVICEHHNTSH 5,
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(3) Cracking model (dike intrusion model)

Royden et al. (1980) %, Fig. 16Xk SicKEE) v R 7 1 7 hirifting D#EfTIZ o1 Thh,
KRB HEEREER Sy 1 T Ediy b oBEALTL 3EWSEFLERB LA, BAL
TR E AT 1008 1078 - 720, SLEEFEHIB~OIR{EBET S, V27 4« THOREARR
POEOHICE LD, EHORERH»HEVGEGLLS (Fig. 16). rifting#, +5 SERIASEATS
LEEARGEEHRNEBICRES, BBV T LA HMERKZEL TRWEVLWEBREICEHA ShioKBE
Wi OERENS (Fig 16C), ZLTEBVWHBOEGHLVEEORS EIEEE~EEmE
KESBAONLZOTURT S, COLHINEADHLLT, H7Y -7 F (Wager, 1947),
Lobombo monocline (Cox, 1972) > <4 DE§dD Panvel flexure (Auden, 1972) 2HF T3,

Royden &3, ZHhEFAL(1IDEFTLE
DHBT B LD ICBIEEET > 70, €08 A ! i
BAFig ITIRENTCN B, LEZDT ST
(A, B) # stretching model ( extension
model) T, F¥LH04 5 7(C, D) i cra-
cking model {(dike intrusion model) O
BTHD, EEnDF537 (A, C) MLk
BriMoBEEETRL, H¥n0 7 57 (B,
D) e S oBRBEER LTV S, B
G A= 8] OBFIEPUR T BEEMIRE, 1
=0 DIRILI TORE O AKEMROSE %
F=hd, EEREREEOCRRIEL, HIAH
BEHDHLPHMEITEINTES3 3L DERITN
Ve BB S EOBGRTI, r<0.6T20
m. y. LIT O 2l ic & LV HATS, T
N KREE S OVBEESHOR VM
5%, 315HH, streiching model TiL Y

LR LR RN
e m——
R A

VA7 A THMASHBEELITOEE,S 3 crust

¢ BDiext L, cracking model iK&WTid, 0 uTnoseueRe
ASTHENOSPHERE

HBL CRBMASHA T EAZRET 2D

LTHD, WTHICLTS 100m.y. 2l ED Fig. 16 Royden ctal. (1980)

EEGHER I < TOrit2vwT 1HFU (heat
flow unit) i€7X %,

FHEOIKE-TH, FHLDEFTNERTEIMI-FYLEVL, TTRARLIZV 2D
BAFEHOMIZLTH, ThdBIFEROEEREL A # =X LR OMMUO 7 o & 2 OATEEN L SIE
i RIBIEELTHS,

Bally (1980) &, ZBWHRTR, VYR 7 s TREBRECL - TILHEEEIDG, COEF
WIEHRERESNLZHO EATHBORR) KERTNEIEELITH S,

V. ZF0OfholRE

(1) HEBK

FTCICDN L S ICHERE A EFEIEE { EFvit, BEOHBYEENERS,LEESHT
Wb, 72T, Artyushkov et al. (1980) i3, =27 —<= > M ABERICHERRAHKEL, 207
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Fig. 17 Royden et al. (1980)

BRI E>THAIOBRO Y FAPEBEL, CHEEENIOOkMO T+ 3 L% 8- T 200
Ma ORMITLIR T 2EEL/, TOPER EH~ ¥ b VIGELTASIRSMEL, VY27 47D
HWERD FIZEN >TL, YV R 7 0 TOHECATHE, COBOYENET - T "trap" 2B L,
IR B R % 2k ¢ % (Fig. 18),
LDLSUBERD G L THBAOEMIL, EESIKINTRD 3 DDA A= X DA HDEIC
FB5EEZONTHS, $HbE,
Ci) " trap” gk D= > b D EFE
G ROZREEE TS 70V v 4 P~ HEET L &ick 3RAA EENLIEBER)
(i) Lo 3 LRED BN —F v b 7520 74 P NEETS
INOO7T 0 RERETIL~1Bkm OMBOHBEEL 33 L LTS,

(2) P32 7 s —LEHMEULIY z 0 vEBICRT 3HMA

Steel (1976) 13, B/ vY = —OFF Y ICHBAORE A EEL, 4% H & L T Hornelen
Basin & Solund Basin %2 HERRE L. giF, Jb, B, RUEBEZBIIESH, BRIIAR
BTER Wy 7N TR~Yvfd) KEL->T5, TORES (< 2000km?) i B LT, HE
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NS S e — 7+ T 7 BEUOBFHESHEEHTAE (25kmBl
ey :CRU§H+ For gt ettt e+ v ) OPRETH S, BIE I strike — slip

= (transform faulting) iz, #%#H3 dip— slip
DM S i B8 L bkic & B LIRS,

Leeder (1976) % Martine Canadian Ba
sin (7 Vi~ GRI) OFERE, KEXHh
% Hercynian Qcean DRSS ICBBEL /- b
YR7 - LAEROER I HE X LG
BEMEICE S SR RIC LB D EEZ 1,

ERBERES) i BlE T 5 TN TOHREREI
Rz 2 s vk & R KBR TR SRR A Y
BT - ZXERTEBMHENS (Fig
19) .

Bl Aydin and Nur ( 1982) i3 strike —

Fig. 18 Artyushkovet al. (1980) slip fault iZRESHIE (2SS Ot
SwMTse 7 VERB LA,

Hod /o3ty o v RiCKS LT niE O, & P S h 3 IROEF B ARrizi
Fig. 20iE/RENT0 3. ZhHOEB B4 DRETH O TV EH, Lk, ZORSLELD
IR A~ S Ll IK 3 Fig. 21055 & D TROHMNSH D, ESTHEO K EE 3 ~ 4ictEd
8, Fig 22 K b L T oMOEROEIT HEREORHE) WREANTV S, HEZOEW,
BRLAEEDSRVWEAIDS, TORSEHELNBILHTHESNL, Fhichhbbod
BIR LAk S0, BRELIBON —ETHE L0 50REDLSHBERITLEDEA SN,

Aydin and Nur (1982) {3, Fig. 23 8L UFig. 24 WREND 2 20EFAFEBLTHWS,

B—0EF (Fig. 23) TH, SHAWLEERAZRT T v a0 R A BT REEICEE -
Z o/ EDER S (Fig 23. b), EEO#ITICON, 2hoMEHEH L, 04 LA S i
@EWB (Fig. 23. ¢, d)o CORRBE VD, FLEZIFEHY 7 4+ 0= 7D Garlock Fault +o
Koehu Lake Basin #&b i 5405,

B_OETFE, MRS T 28 THERE D tensile fractures B3#& 42 DT (Fig 24)
44D Olinghouse Fault iy 5/MERER T EHME T Sh 5,

A EA AN B EL LD Fig 26 TH B,

VL. bhOI(C
CDVEa—iF, 1982 104006 3Rk, FEAFHBRINHEENRESLHKBTRELE &
LTOB0AMBESE TNl s HE2E L0 bDTH D, AEDKESI, HEHa
0 & o - AR CHMEREROMRRRRELSTE L bOTH S, RAOCHI EFEEOMBLR,
SR T LHIBRTAURBE L > TOBESBB O ESEDNZ D 500 BERICHTIE
LHATHRETOIRECTHS. EERERI UDERBEDICOA VA LFELHANS SV AT
R E SRR B L THEREST S,
B, XPTLEDHTFLXRO S, TEL LD BUERLEE) 20U FIELTEXETOTE
Elnhdgntdt,
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(a) Extensional (minus) and compressional (plus) quadrants around a
right lateral strike-slip fault; (b) tail cracks (open) in the extensional
quadrant and pressure solutions or folds (zig-zag line) in the com-
pressional quadrants; (c) thomb graben on a right stepover; (d) rthomb
horst on a left stepover for right lateral strike-slip faults; (2) normal
faults (barbs on downthrown side) and major strike-slip fault segments
with normal slip component bounding a thomb graben at a left step-
over;and (f) reverse faults (teeth on upthrown side) and major strike-
slip fault segments with reverse slip component bounding a rhomb
horst at a right stepover for left lateral strike-slip faults.
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Fig. 21 Log length versus log width for 70 pull-apart basins or thomb grabens
and horsts associated with major strike-slip faults of the world. Full
symbols grabens and empty symbols horsts.

Fig. 22 A Simple model illustrating increasing length
(from Ry to £) with increasing fault offset.
The width, wg, is constant.
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Fig. 23 Model 1 showing coalescence of rhomb grabens associated with en
echelon strike-slip faults, The end product is a composite pull-apart
basin.
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Fig. 24 Model 2 illustrates formation of composite pull-apart basin, which
includes rhomb grabens and horsts of various size.
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Fig. 25 A hypothetical dimensionless diagram illustrating a broad strike-slip environment.
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