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A NUMERICAL RESEARCH ON THE SMALL-SCAL E CONVECTION
WITH VARIABL E VISCOSITY IN THE UPPER MANTL E

YE ZHENGREN
Irgtitute d Gedogy and Geophysics , Chinese Academy d Sciences, Beijing 100029 , China

WANGJIAN

Abgract Based on a two-dimensond nodd , smdl-scde convection in the upper mantle-lithogphere sygem
with variable visoosty is researched by usng finite ement method. Variation of visoodty in exponertia form
with tenperature is conddered in this paper. The results sow that if visoodty is grongdy temperature
dependent , the upper part of the sygem does ot take a share in the convection and forms into a gagnant lid
dmilar to lithogphere because of low tenperature and high viscodty. The caculated suface heat flow, the
topogrgphy and the gravity anomdies are asociated well with the convection pattern, namely , the regons with
high heat flow and uplift corregpond to the upwelling flow , and vice versa.

Key words  Smdl-scae oonvection, Fnite dement method , Sagnant lid, Heat flow.
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Tablel The parameters values used in numelical calculation for Upper mantle-lithosphere sysem
d 670 km
k 10" % /s
a 2x10°°
AT 1700K
q 20mW/m?
g 9.8/
Ra Rayleigh 3x10°
Ap 0 10°

(b)

Fg.5 The gatid variance of surface heat flow(a) the hypsography (b) in the upper suface



338 (Cnines2J. Gaophys.) 46
) P . 5b Nu
( 10°) . ,
) 7 Nu Ap
( 1 3. : : (
3 ), ¢ ),
, [20] . Nu
A g = 2-[ @exp[ - k( Zobs - ZS)U) ] y (10) ’ ’
Ag k G
’ Zobs Zs:u 10
: : 4
Dtopép top Dlnép ot 5 ’ Dtop
,6p top ; Dot 6p ot 4.1 !
: (3 FFT
, . (10 ik '
100, :
L 6 L
4.3
600
400 : ,
3 200
E
= ¢}
< _200 [21]
400
G King  Riteema®
6 ) L
1 2
3
4 : 10%.
Hg.6 QGavity perturbetions a the suface
7 Nu [1] Shmding H, Margart G. Martleflow and evol ution o the lithogphere.
) Phys. Earth Planet. Inter. , 1993, 79: 241 267
Hg.7 The variance of the vdue of Nu with the [2] Schmding H, Margart G. The irfluence of second- scale convection on
visoosty cortrags the thickness of continentel lithophere and crugt.  Tectonophysics,
1991, 189: 281 306
’ ! [3] Richter FH, Peron B. On the interaction of two scdes df convection

[4]

inthe martle. J. Geophys. Res. ,1975,80: 2529 2541
Haxby W F, Weisd J K. Bvidence for srdl-scde mantle convection



339

[5]

[6]

[7]

(8l

(9l

[10]

[11]

[12]

[13]

from SEASET dtimeter data. J. Geophys. Res. , 1978,91: 3507
3520

Shott B, Yuen D A, Shirding H. The diversty o tectonicsfromfluid
dynamicd nmodding o the lithogphere-martle sygem.  Tectonophysics,
2000, 322:35 51

Margant G, Schmding H. Tonogrgphy and Geoid undulaions caused by
gral-scde convection Beneath continentd lithogphere of variable dagic
thickness. Geophysical Jour. Inter. ,1989, 97: 511 527

Qodtingh S, Burov E B. Thernonechanicd Sructure o  European
oortinentd  lithogphere for various rhedlogcd prdfiles and EET
edimetes. Geophys. J. Int. , 1996, 124: 695 723

,1998 41:658 668
FU Rongshan ,HUANGJianhua , XU Yeorrin,et d. Sudy of the martle
dynamics o the lithoghere movements in the regon from Tibet Qingzang
Aaeau to Tianshan Mountain. Chinese J. Geophys. (Ada Geophysica
Sinica) ,1998 ,41:658 668
Karato S,Wu P. Rheology of the upper mertle: a syntheds. Scence,
1993,260: 771 778
Chrigensen U. Qonvection with pressure-and tenperature- dependent
ron-Neatonian rheology. Geophys. J. R. Asr. Soc. ,1984,77:
342 334
Chrigensen U. Heat trander by vaiable visoodty oonvection and
inplications for the Earth’ s thermd evolution.  Phys. Earth Planet.
Inter. ,1984,35:264 282
Chrigensen U, Hager H. 3D oonvection with variable visoosty.
Geophys. J. Int. ,1991,104:213 226
Teckley PJ. Hfect o grondy terperature- dependart visoosty on time:

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

dependent ,3-dmendond nodd o martle convection. J.
Res. ,2000,105:11063 11082
Ztong S, Zuber M T. Role o tenperaure- dependant visoosty and
suface plates in phericd shdl nodds o martle convection. J.
Geophys. Res. , 2000,105: 11063 11082
Mores L, Slomatov V. Martle convection with a hrittle lithogphere:
thoughts on the gobd tectonic sylesdf the Earth and Venus.  Geophys.
J. Int. ,1998,133: 669 682
Huang HC, Vaman A S. Fnte Bement Andyssfor Heat Trander.
Springer-Verlag ,1994
Mekenyie D. Suface dformetion, gravity amomelies and convection.
Geophy. J. R. astr. Scoc. 1977, 48: 211 238
Rarons B, Ddy S. The reationship between suface tonogrephy ,
gaity amondies, and terperature dructure of convection.  J.
Geophys. Res. ,1983, 88: 1129 1144
Kiedfer W S, Hager B H. Gaoid amorrdlies and dynamic tonography
from convection in cylindrica geometry : gpplication to martle plumes
on Earth and Venus. Geophys. J. Int. , 1992, 108: 198 214
Davies G F. Martle convection under smuaed plaes: dfects of
heeting modes and ridge and trench migration ,and inplication for the
coremartle boundary , bathymetry , the gdod and Benidf zones.
Geophys. J. R. Astr. Scc. ,1986,84:153 183
Dubufet F, Rabimowicz M, Monnezeau M. Mutiple scde in martle
oonvection. Earth Planet. Sci. Let. , 2000, 178: 351 366
King S D, Ritsema J. African hot ot volcanism: srdl-scde
oonvection in the upper martle benegth Gratons.  Science, 2000,
290: 1137 1140

Geophys.



2 L L z 2 ol
[T w o W i
PP ey S e S —— Sese st rrmanayy .
::\\\\'z////:_ PHE 8 d o mmnc\ serrerrssec iy ‘ AR RINT
:::\\\l:: | ;
i .. | o
. | s ..,,///{l\\\“ .,:///.\\\\
ey - AN
_:,,71-\\::: M., hy em— sy
7//114"\\\\\: ,,,//{.}.3\\\\\\ ..;//rt.ll!\\\: CeNNNSa— ! 1 v ot ————
~ Ao | | PR - \44 ' .,\\\\\.\.7///”.4 :‘I'HIJ
PP UNSESNN » — 1+ e SN N :Z:\\..Z/: :\\\\\.7//ﬂ
it e
N RSN . N
L iee ./,,,,/,:“ triree it asipreemmmsiitVt Y Mx\‘,:
[ieremm ™ . i i ol
|
|
NEREE R Rt o Hessemee e o
b AN A LA S 2 T
B s L N GRUSESEEEES s far )
:\\\\l}....lr,: 1107 rrmany N R e YT
::\?\:.}/,:: e
Ptteese o, i X ,
' |
__::f,!:: | . | ,
:751..’..\\\:: :,,f/,fs\\\:: R T DN . |
B Y AAra— ey ———— R — ey RS /r‘.\\\\
: . . z | — )
e LR SN I e L e P N -- -1
A SRS A PSRN Y y e NN
Nridd Litiser | W\
:1\..,,,:_ ' Yr g ppae—=N \
! ’ e
! f '
! .
:"i:..::: ! !
Ht » P ) |
_,,,/;114\\\\\\ " AN I N . v
A AN | VAN et T e e——
; - S TN ~ o —
:\\vv,:ftll:,l R N Ll R R T . PR PR,
:\\\\\\.IP?///:., 101007 prmi e sree iy
(SRR TS [ANT TPV PSNN
e, ,
. .
Min, ‘ ' .
“erdiy
::,77-\\\::_ ::,7...\\::: . ) R :,,...::,
WNS— st V\N— eriy eNNNS—— SNN—
— ) ——— — Se——— | ol PN
:.u O - c.., =) ) (= Vol <
S 3 = <
z z z z

i B A et as s E

PR NE

&1

07107

L0t

R R ABE A AR AL 100 10! 1o°
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Fig.2 The calculated non-dimensional temperature distribution with isothermal lower bhoundary condition
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Fig.4 The calculated non-dimensional temperature distribution with constant heat flow at the bottom



