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Summary

Increasingly high quality satellite magnetic measurements have been providing reliable
magnetic data with crustal field models of improved resolution. This paper presents a new
approach to delineate geothermal potential sites based on estimates of Curie depth from
new crustal field models.

After a period of 20 years without high quality, low-orbit satellite magnetic coverage,
since the implementation of Magsat (1979-1980), a new generation of satellites has been
launched and is measuring the magnetic field with unprecedented accuracy and
resolution. Two satellites were launched into 800 km and 700 km altitude orbits, namely
@rsted (launched in 1999 and still providing scalar data) and SAC-C (launched in 2001,
scalar magnetometer active until 2004), respectively, while the CHAMP satellite was
launched in July 2000 into a lower orbit, initially at 450 km altitude.

Temperature dependence of magnetic properties of rocks allows magnetic data to be
used for estimating the thermal state of the crust in areas with few heat flow
measurements. Rocks below their curie temperature may sustain induced or remanent
magnetization, but above their curie temperature become practically non-magnetic. It is
possible to calculate curie depth from magnetic data. The results of aeromagnetic studies
presented by numerous authors show that curie depths obtained from magnetic
measurements correlate well with the heat flux; high heat flux is found in areas of shallow
curie depths and vice versa.

Geothermal heat flux is one of the main parameters in determining geothermal
potential sites. Direct heat flux measurements are scarce because they are difficult and
expensive to obtain. This paper presents an indirect method to delineate geothermal
potential sites. Considering the proven relation between curie depth and heat flux, the
method presented in this paper is based on satellite magnetic data. In this method, curie
depth is calculated from satellite magnetic field models. Therefore, one of the thermal
boundary conditions is obtained for deep crust. Then, using a one dimensional thermal
model, estimation of surface heat flux is discussed.

A comprehensive investigation program is required for geothermal exploration
projects. This program may include field investigations, geological, geophysical and
geochemical studies. However, the potential application of satellite magnetic field models
discussed in this paper can be widely used as a preliminary reconnaissance tool in the
early stages of geothermal potential site selection projects.

The study area in this paper covers a wide portion of eastern Iran, located within 28-
36°N and 56-64°E. The calculations are based on satellite magnetic field model MF5
(developed from CHAMP mission). The results show that the curie depth in the study
area is located within 24- 36 km indicating that the curie isotherm is shallower than the
moho, and lies within the earth’s crust. The results show two areas with high heat flow.
These areas are promising for detailed investigations.

Increasingly high quality satellite magnetic data makes this new method very
significant in future studies of geothermal site selection projects. Using a field model
instead of raw satellite magnetic field observations is highly productive as the magnetic
field measured by a satellite contains contributions from several different sources: the
core, the crust, the ionosphere, and the magnetosphere. Only the field from the crust is
related to the heat flux. Field modeling allows separation of various sources, thus
allowing the crustal field to be isolated. Crustal magnetic field models will experience
significant gains in resolution and accuracy over the coming years. The CHAMP mission
is expected to continue, providing excellent quality data at solar minimum conditions and
at steadily decreasing altitudes. Scheduled for 2011, the European Space Agency’s
Swarm mission, a constellation comprising 3 satellites, will further improve the data basis
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for mapping crustal magnetic anomalies by providing direct measurements of the

magnetic field gradient for the analysis.

All the programming of this research was done in MATLAB R2008a.

Key words: Geothermal heat flux, satellite magnetic field model, magnetic crust

thickness, Curie depth

Gty ((mblite i gy i) (655 Slospr Gos
ysT

Caols (pnbling 3 b S8 ISl
b b 2ol Oyl iy 2l b bl b
15Y) 355 0 Bl ey 55 Dl mamys slys s 4
S w605 Dolmerss (Yrf (ke s
2GS G s Sl e Hlaw Wl GE
Lot K il Sl mbliae g SIS &S Ll
i 534S 5,03 55y gl s (b= pl b g dalss
03 3dos & 4 (555 Sl e )3 (5lo )6 wi gy olic
i 0T Ge) 3 5dr sptome 5L Sl
CLAST iy e wblie gl S
ol ol T o e S o dizen 2T 086 S
s 6558 Sl y3 5 Sl gbline Iz IS
VAP (L S 5 Coem) 3,05 (OA°C 550) 63

Sy Sl sl 5 S Ges Ole Lol s
25STONY ) Llokiluy ST 4 0868 Oliioes
5 Jdsbe Y00 O 5 STl V4A0 O,
Gbosls ala=Ma bl 2550 5 Comanl (Y200 O, Sen
ol caomiiys 5 (6558 Ges 3031 2 03 1y (embline
Gos as g Ol oo S ) il ghyls bl
ol ol oS WSaie cadbaie S 5 5L gy
(S 5l (oS

2Ll b (5558 Gas amabous (S8 callin nl )3

3351 5 e 5 Gloslsale bl Ol sladus

Aedde )
b baasly 5w s gl S e bl
WOlsgs ‘pf ST Slanis w5b) ) mlw o
dien (ot 5 Jlsods slag S S oS
Jlo ol S mle ST by &S Ysans
sl ple il Jos 5 baasls cpl i eslizl
ple Gl oleld gl b o S o5l
3 oo 03 e slallat Ypems od b S e
bl WSS Slides 5l Jol mls il
Sl L Ll o e ! 3 okd 4,8 i gy
g b 52 @S ple Lld 55 age
Sl e 3 g 5 (S K ST o p L)
55T gl 1) (s3lazel B ol 5 ST !

235 Pl sladbe) Solm sladds S 6ok
S Sl wl w05y Dl arss
sdalin LB (650 b b s diua Ol > )L mbaw
Sl ol besls cpl Colae 1SS les gl gl
E3F 3 Kagdous mhaw S35 4 plags S oSl
el plpese Ll ledST, lw S
by e sl s 30 Cou Oyl o Sls slacs S ol
5 i) SE L s gl 5 OT Sk @
om 3 08AY ge) Wlas § )15 Jowe SIS sy
0955 Syl pmam s 4 by DMl CuS (a8
Sir Bl S s Wl 25 L b ()

w.:a.?bqijdn b L5‘°)G Al gy LBL“-;‘)-’ Q)‘?‘\?JQ


www.SID.ir

AN o5kt F) Mo <Ol ol &S50 555 ke

Qb\g&h};‘_.:.o- \nd

5 b dsb 2SS S S Yl s e S
s o)l gale gLl 53 Leosls S o, o=
sbesls I fol dw gy Olde ladie ¢ ol g9 b
Ly5T o8 21 gy Ole I e el ool gale
5 oliim Sl 3 lespS 5 S
Ayl S5
b S MF (6 e wblian Olds ladds a5 same
Uil s ilelar [ hatens (losls anm s 1K
5 B Sl sl S B L Aty Ol
Lddbe opl 4 53 (ol ply Llods atle 5865
Sl 635 Sl ul b 4 0l (55L 5 sl 33
J s .mp@,w,&s,g&a\,\,u;u Slaa s
Je i Jels MF (6w ladie 40 somme (o>
< (MF6 ¢ MFS5 MF4 (MF3 (MF2 (MF1) .l
5 de 6585 ESsnla Lo )3 cas ez ol Slade
Jds 5 eslazul 540 slaesls (T 03 Foge der 3]
3y9m dde b o Il el slalils 5 L aST
ol S Gl MFS Jue (G opl s eslal
Copple Jo Foa by lsy 5 SISl laesls
54 b6y S SSsale b b s CHAMP o) sals
Gdd Ol 4 4 g bl odd wisle Vor 45
tomlie S 5,8 5 03 28 5 355 mowad laesl
o 53 dlons Sy 50 53 5= MFB 5 MF5 (laobs
YooV OSes 5 esle) Ll oS Sl 955 55 e

YA

)55 305 Alns ¥
Cbdte by 5, So3lul Loyl sale b &S wy Ol
Bl 5 GWl ablie 31,5 sd o Cino g Olke
Sl ablie AT o ssmga gy e
Shmblie (oublitn sy Calhd 4 dackn
ol ply oyl (Ko LW Ol Syl 5 LaeKen

ol 0 S sy Sl odd as e gL S e Ll
il ol S5 ool o e a3 ol JLis G
sshes loylpale Jbe 55 sl Ly -
told odalie oWl cwdoline Ol acnlee
odalin lel Ol W 5o d....lal.” ctﬁ Jbe ags Y
5§ gkl at 5y Cualies 05 575,557 5 50l
S35 e 3l e3lizl b Syl b 5L lons Y
S b Bjeapgs do o 53 0dd 4l

Glosls T35 5 - 05855, SRl Bl 4 e sl
L e Ol Sladis (6, eSS 5 lo,lsale
Gloylpple Suajls o)l b 4 g
Sdde 58 () gmblie Ol ng:fe)'\..\}\
Fb Sl €535 0T 53 ¢ pblite Olde (slo,l pale
L ol Sledbl O34T 2R 4 By el Coenl
Skl g gy A Glaz sedsb b aaly 5o (L35

.Aﬁ.k.alj;(,iw}::})mwg;w

A g1 b liin Ol sloyl alo ladus ¥
AT wbliae Ol Glolsale sladdte Y yene
SOl 53 odd (5)5Trexr laesls (555 &Sigals
ldde (Yoo 2y 5 Soys) diun wblin (\JT
Glesls ulul, & 505 sy SSLE Olks
Slsbae L (53 oL 5 et das,lsale) 086 S
5 sl Olaal gl 5 (s bl gl
I

Ole Oldali aiw gy Ol sladde ags Hsbieds
Ol Jool mlie plo 51 (B0 SIS0 4 ey b
LS 1) atm g Ol Slgr sladie Lish o el
Gladde 3 S s Ol g5 o Lao sl gale (glaosls 5l oslizul
‘J;J_Tu.n Cwdas Sloylaals (slaosls I &S awgy Ol
Ol Al laz sed sb ishi oo A3 Jos 53 o)l sun
(ol I Ty Sl aen s &S| sy 4 gy


www.SID.ir

gy gbliin Ol (sloylgale (slade 31 oslizal L (Lo 5 53) oo S ns iy (sl 3bla slulid () o gy |

e ¢l Ol5 b ey b3 shpe ot Wl
(N<14) o Hldad idw (gmblin Olds Sl
(500 olsen Sidu g er 4 by wle djes
Sl Lo pd gn 48 8 a0y wn sy wlio 4 by o i
blie (olia o 428 OF 51 S laar s 05 S
AT e Casas (N>16 Glaarys 4 by ye) awy
els cl.‘.a 4 by, L;LAJLK:‘» 4 VO lads s
VAP LS 5 Comm) 355 o by jo din gy g tad
ol Gz o 3 eslimul 5y eslE Ll
wilge ) S s dzeca MFS Jue i ol V22—
¢S go )l Lo L aS T MFB Jue W1 Olies (63 500
dslos e glS Foe CL&S)UJJ\H—\‘? sl 2 65 S
Sl gddame Gla gy Cmwl odd 03ls Ylis ol
o=l 3l sl 55 g pebliae Glaesls (giled e
vl Aoen (glaosls (g lwdds ol o Lgs La 2y,
L) sl St Lglaosls ¢l g (& cdizen
QJB;;J.A&UJ:JG@;K@A)VJ&&\U:@JSH:-
e Jolae o bliie gla dabys s iyl 3 )8
5 e Sl (gl o aS Cnl Sla i, 5l S
Aol blian aiw g ¢ By ol 533,05 5,8 Sl
S S Sl (] g 2 5 255 s e 2SS
Wl 4 815 S S e 3 puebliae b
e 338 J )3 e e 53 la lad s ) (14K
S s oo et 1408 4 T pbline oy sksE
Ole o SLS Ol 5e o 6T 1 Joolo (pucblite Olute
S35 ol s 5 AL S0 5 0dkd odalie pblite
3550 Laslsy 4S5 e dolne bl la il 5o
= N el U (6555 Gas 05,57 5,57 2 55 ealin
ol 0 4 e (WAP) LS 5 S Gaiios )3 gy
gy a0l 5 b oY IS s
Ol sladds 3l oslaul U (6555 Gas) (subline
Sheslial L .cal add 0315 Ol (gloyl sale cmbline

Olben Wl 3w (sl «6) 8 Gas ol ) siens
i 53 OYAP (LS 5 o) 358 atede diuy
(ool I Loyl s oW Sablae IS
rblie ol 11 b sl blie (slagsbnial
el SIS 5 Ciasn) AT o 5 s Lol 5 oWl
66 035 @ SL OIS ) s QW Ole (149A
(iw gy oddodalin Oldw I 4wy Kbl Olde Jds
(YA7 c\g_;j o) JJ}T Cewdds
g &5 s laoyleale Sl SGI 4 a4 g L
o lw BE oslarn! )9 9,3‘5) c.ﬁﬂf@ gy sz;
}AUT daoylgale (glaosls J..ab— Ol sadde
G 050 03 &S Hsbolas .l (55 S Sl sl
\J..JY cJle L;l]g) Sl ol 03l Cj& J:..A_ﬂi @ ‘_;.ﬁbl..:u
Gep s JSY X8 Ny s Sesp Y8 (Sske s
O (K3 mle ol 5 91990 (S €129A
Slody Jomiley & 0LIE e o) oty (pbliin
B=-VV, )
oot 535 Syl b L) daly 2V

(i 3) 355 0 Sl 25
(n+1)

N n a
V=a)>|-= ()

n=1 m=0 r

| 97" cosmp+h"sinmg | P (cos 6),

sl o hn'" P gnm () Lo gt CL&,& a ol s &
el ey il laglaber i P 5 s
Ol Lol s o1 Lie b Ols odzasglis s
il ol ) gy 5 s 4 b g e S0 S
gl Gl (s ,,8 Oolaal (6l s o2l
wll 3,8 o Syge Ol Cab 3l eslizal b ba0lke
(3,5 1o Leis 0155 o |y gy 5 did (La0ILe

ol O S e e et B, ol b S


www.SID.ir

WA ot oF) o Ol ) K 56 55 aloea

Qb\g&h}g'_.?p YA

Wl 5L 35 g0 (i gy 53 Syl e s
g Fylmdhe N-f
gy Sl 50 B o S w gy Tl e o)
(ol S Colds b pl s S e Sate biline
el Syl Sl ol I8 55

R g e P
S Sl a3 (1 0LE 4 L Sl e 3
e Gaios ol 5o L f Il (iledde @l el
() oo Ll ol €8 8 i s sy 51~
Sl Olej 4 aely Glaesls 4y (g s 255 4 e 57 L
odd o5 Oyl e,y gl (Steady state) LIl
23 G Gas S 5 D)l a3 O35 eme b el
5 ey A g 5> Oyl mam s C)‘..:J Olg oo atw g

M&jf.A;JJ)TJ.:bQ)\ﬁ)LZcOTwLJJ{

DB 03 (Bls 03 gdme 8l 555 Gas (D)l 5
PE-0F s Jsb 5 Jlad arys F9YA LSl am
Gt Dol 0l 42,0 ¥ IS )3 5 dlons (B0 a5
03 9dmen 3 (Gt pl ool Sz 4 (5,55 6L‘3¢-‘°

Sl yiia e ST YP-YF

Q)\)’)u f
osba s Els e Sl elper ey a3 LS
Ul ol bl Loe 43 o)l il el Olia 1 4ty
OSLS bl 53 b S ol Ll Al e
Gos Sl eslial L1y ol S oy Jolm L Ol5 o
kii:‘)}Eﬁd-’l—l.gw‘bﬁ‘\:}“.’ﬁ:‘.’;.’)j—\‘ﬁé‘);

ol el (D) 3 (MFS Jus Ve V8 (658 Kosale ol s sl Forkm LN 53 gy o sdalie 1 Ol (63500 adlsn ) JSCS

v_Zf:A?ﬁ?\‘—()?&@\]@J}LJJL&:A\?J:V9—YAk;l.:élf‘w_-u,é,au).,\m):élj&k;w(g)


www.SID.ir

A gy gbliin Ol (sloylgale (slade 31 oslizal L (Lo 5 53) oo S ns iy (sl 3bla slulid () o gy |

e Jslas Jw:lal:@‘5La$lajj>gij)juu:....,lLg;A:Mﬁ'Lg!ajlfnbQl.x:AJ#&j!a:%\bdjﬁwwwwbcjb .Y Jg.ﬁu

O -RAP

Fobe Bl 1 Jole Dol o a5 3 8 S s ¢l

(?) 4.]@‘)(*"*) QJY&{&)JJ}&.}.M (.43.»1}.;)3 ‘J}:’.f.’.

:ASJ;UJP‘)

Z
H(z)=H,exp _E , ()

,(W/m?’Wﬂ)cbﬂ)aa)\f.g,:HocoT);S
e o Syl Wy OT j3 &8 Sl Gls Gos O
4 s Syl A g5 Ol s sy o Ho Hldae (= +/¥FA)
Sl o iblie 55 Lol ool itie K § 55 5

55 PP VS Bl s 53 (BT el

Lguw“;mﬁ,mﬁﬁ;,;él,m;,@)lf
WO 3500 Sl e b o c3date C3lial
5 Ol spie @5 s sl 4y
b S pwblie @y oplpl L08AY O SKes
o)l st 35 o dgdoee wgende a5 DA LSL”V-A
3 035 pne b ol @ils ol S 033
U S 3 fome oo &K 3 Ol
Sheslimal U1y Syl mbaw Sl 5 Syl 0L S

38 5557 5 (%) aslas

oT (2)

q(z) =-k et )



www.SID.ir

AN o5kt F) Mo <Ol ol &S50 555 ke

Qb\g&h};‘_.:.o- ¥

35S g V0P i )T) G o i 55 sy G
Wlis ol 53 0dd ad e Bay el (148) O Kan
23Sl 5l 055 3,875 sl T Sl )
Ll ol geds wlde &
Sy sl g bwge sl joeslad L
J=8km H=2.5%10°W/m%) (V) alal, (sla sl
oraman 5 (YooY (Ve 5 5,50 ) k=2.7W/mK
(¢ S8 ol auwloes (6555 Gas polae Sl eslizal b
)50 033dme (1 Sl D (e by (S5
odal Cowsws £F/0 mwW/m? 9 Lo gia jsbas o p
o3gdes (gl oda] st (§) S Ges 4bd 3 .l
Goo e s S b adlate 55 o JKE) gy g 3550
O 5 ke 93 pl Sl ol edie (658
ob0kes Llods wily b 4l 5 0L S Okl (B2
95 cpl 53 edd aules ol HLE gy o0 Hlasl &S

(F JSKE) 3515 1) ldie o i o3 gulous

$Sans ¥
03,5 3551 5 Slp peitis o gy S5 llis o) 3
Ol gladie Sl eslizal b ol S e Jol > Sl
s 4 e loylsale blie slaesls | ol sy
S s oS e om daly 2y UL g
G5 Goe b Gble 5 ol Ll 05 VL) Ol
o3litl L (6558 Gas Il ¢ By cnl 53 (Sl 5 oS
oo S eslamal b 5wy Olbs (gloylsale gladile S
Cmw -3 55 o Aamloea & Iolas cwbline ola oo gs
gy S Gl Je G 0Dl Sl o slaten
g P L Qli:ljf e Sl sh e 4 ,e
o3lizul 5 g0 (eSS Il (5l Syl Culda dslas

KRS

LT e 55 55 st 2lo 8 Culds dslas ¢l
0°T(z H z
§)=— Sexpl —— |, ( 5)
0z k o
Gl bl sl sl &S JSy5b 4 (ol S Culia

)JgL.lL'?Q)}&Q‘JQTQ\}'@\A&#C‘}J\}‘LQJL:MI

QJ‘F“?J)C)réé‘ﬁ(b)d)hﬁ&d‘ﬁ.dfﬁ
Db Go e b g el () a0
Sl gl 5,8 o S eslinal 3y5e &Sl s
OAC) Te b ol @) GosS Gos 03 )l ity
To Sl 532 =0 3 ey K o 511 5 o
Qogy 0> Dol par)s Foed Fol S S ASL

1338 g temlons 5 D) oty (T(2))

H &2 z
T(2)=T,+—>—|1-exp| —— (%)
BTt ( p( 5n
2
s 27 o _He 1—exp(—z—°j ,
Z, k o

Gos 53 O WDl o Lo (F) alaly i eslizal |
_ k(@ -Ty)

q(z=0) =

2 v)
—H,0+ Hy0 (1—exp(—i)j,
Z, )

et (6l BT Ol iy Cws H3 bpl
ol y 5 eslaiul b col g3uds aikae o 6l K 5 Ho ldae

5wl ) adkle 5 ol S Ol e V)
35 lebd ) (gl S e Sl ity
CakS b Ol Sl e S eIl (IS sba
i B SN g Gl TAY s sde (sl 5L
5oy b (Ol o sastay 5) LT Sl g 5 B
3ot Gl 8 (5 et 3 el s


www.SID.ir

H gy gbliin Ol (sloylgale (slade 31 oslizal L (Lo 5 53) oo S ns iy (sl 3bla slulid () o gy |

Oldee Jo Sleslanal U 305 w55 #¥-0F Lol s Jb 5 Jlad 4 )5 YP-YA ﬁ@lﬁyﬁﬂijw)ﬁf‘}@d'ﬁd)ﬁw@-rJS':'

MF5 (¢l sals b lias

LB a3 P08 ﬁpip@b);m@ﬁvﬂm&@\}?d;fw,\m);ébamdnﬁ&u;wjg)uf)u.\‘JS..:


www.SID.ir

AN o5kt F) Mo <Ol ol &S50 555 ke

Qb\g&h};‘_.:.o- Y

Blakely, R. G., 1995, Potential theory in gravity
and magnetic applications:  Cambridge
University Press.

Dyment, J., Arkani-Hamed, J., 1998, Contribution
of lithospheric remanent magnetization to
satellite magnetic anomalies over the world's
oceans: Journal of Geophysical Research, 103,
(B7), 15423-15441.

Langel, R. A., and Hinze, W. J., 1998. The
magnetic field of the Earth’s lithosphere —The
satellite perspective: Cambridge University
Press.

Lanza, R., and Meloni, A., 2006, The earth’s
magnetism; an introduction for geologists:
Springer-Verlag Berlin Heidelberg.

Maule, C. F., Purucker, M. E., Olsen, N.,
Mosegaard, R., 2005, Heat flux anomalies in
Antarctica revealed by satellite magnetic data:
Sience, 309, 464-467.

Maus, S., Lihr, H., Rother, M., Hemant, K.,
Balasis, G., Ritter, P., and Stolle, C., 2007,
Fifth generation lithospheric magnetic field
model from CHAMP satellite measurements:
Geochem. Geophys. Geosyst., 8, Q05013,
doi:10.1020/2006GC001521.

Maus, S., Yin, F., Lihr, H., Manoj, C., Rother,
M., Rauberg, J., Michaelis, I., Stolle, C., and
Muller, R. D., 2008, Resolution of direction of
oceanic magnetic lineations by the sixth-
generation lithospheric magnetic field model
from CHAMP satellite magnetic
measurements: Geochem. Geophys. Geosyst.,
9, Q07021, doi:10.1029/2008GC001949.

Mayhew, M. A., 1982, Application of satellite
magnetic anomaly data to Curie isotherm
mapping: Journal of Geophysical Research,
87, (B6), 4846-4854.

Okubo, Y., Graf, R., Hansen, R., Ogawa, K., and
Tsu, H., 1985, Curie point depths of the island
of Kyushu and surrounding areas, Japan:
Geophysics, 53, 481-494.

Pollack, H. N., Hurter, S. J., and Johnson, J. R.,
1991, A new global heat flow compilation:
Department of Geological Sciences, The
University of Michigan

Purucker, M. E., Whaler, K. A., 2006,
Geomagnetism: Elsevier  treatise  on
geophysics, 5, Chapter 6,

Sahagian, D. L., and Holland, S. M., 1993, On the
thermo-mechanical  evolution  of  the
continental lithosphere: Journal of
Geophysical Research, 98, (B5), 8261-8274.

Salk, M., Pamukcu, O., Kaftan, [, 2005,
Determination of the Curie point depth and
heat flow from Magsat data of western

Ol e (658 &SSsmole alpd I eslinel L
ks sy 65,54 L s MFS bl
03 gdoe (615 (6555 Slodpn Gas (s olae (pblite
b 5 Jad 3 Y5 B YA QUi 55 5 il
Gas ki 55T Bh aes SF L 0P Ll
spde Lo siba cailiie ol > ) sleses
ailais 33 (5558 Gor olg 4hE 4 a5 L.l YPKM
ey (el Sl Sl @b o) Joily
R PR

Slides (SAST, 5 Cusslee 4 4y L
Slosps Jio 335 pimmen Ol p 58S )5 (gl B e
Gob sl 53 God opl sl Ol Gl oSS
St 2 bltass (Dl o b 5L 0T 5y 5 658
S s 855 Ele bl Sl 2 alsl 53 s
AT s Olas 4 0l 5l 5>

Slaosls Zds 5 e 03 Plss SRlB 4 e sl
O s 55 Ok adile (6 5 5 eSSE 5 slo sl pala
Slaosls leslamal b HLa acules Sy, ol 457 Ldiies
Conl b sl 6535 0T )3 ¢(sloylpale  cmblite
22 U5 Shas ool S eslial sy dal 5558 5
(Sl e 3L 5 55587 S5 dsle) s (5o sutoms
Sy 5 @beld b gl o) deily b Gble

S b1y gble ol s eais

gl

3,0 iy 2 OYAF 3 L 03l e T (e
slmesls I ol e blie Oliw ladi
s prbline g Cualied 35T 5 55 Lol ale
AY-AD oY) W (L 5 e K

Artemieva, |. M., 2006, Global 1*1° thermal
model TC1 for the continental lithosphere
Implications for lithosphere secular evolution:
Tectonophysics, 416, 245-277.


www.SID.ir

ke gy obliin Oluten (slol pale (gl Sl eslinul b (Jla 5 55) (oo 8 n Jomily slols Golin Ll (s it (2,5 1]

S g I ke 350 03 38 S Bl e
L5 o s ) Ol mle (slp sgmse b s
B g 2s5m Lo S o b s 515 wbe)
27 60 3 Ol L, oK e gl L,S
a5 O g sl bl s s Sl Sl s
S 85,8 o ol eslimul 3y Caedl edidle jacs
Siladlei 556 L gme) PRM(0) 515 a5 Jslas
Jby e Coadl mly (Lddm)s Az (Dl
L Jugs Ll s alis ST RCIEEIPCgN -
1) mblite Olin S cul 5 ol LBl wlin a5
s oo DL (L per 5 2 4 S
33 o3litul 5y 48 i cbliie Glaosls 45T
(s gwblie Ol (saad) g ¢ ublie g Oladss
@5 s el badlse ol & by 5l Ll
e V. Jeily, wl (Las Slizke caadgo ol 555
Oliioes ¢ 555 6 AAF a3 55 sl (gla gy Ol )
wals (ol Lt b Ol Slle &8 Wit § ans
bolis 5 (b ppter BB L8) 6508 58 ey
SSoska (VF (e s 1Y) Ll S
oblie Ol miys 5 foily 8 CE Olg
5 dmas s Lie glyls Jsd b6 o L o)
s bbb ) peblie Ol foily &b 015
3,50l ) St b L L olle 5 5
© (n+1)
V- aZZ(%)

n=1 m=0

g™ cos me =)
Pr@O) :
+h" sinmg

Ol Joilsy S8 Candy SHA 29, 55 i

Anatolia: Journal of Balkan Geophysical
Society, 8, (4), 149-160.

Sandiford, M., and McLaren, S., 2002, Tectonic
feedback and the ordering of heat producing
elements within the continental lithosphere:
Earth and Planetary Science Letters, 204, 133-
150.

() 5 (V) Loty cdd Ol (F) ide 55 oS Hsboles
S35 STl b lp eslinal 35 gladse b
S glad y s Oli 1) Ol Jie S5 ol
s AN O 5 (Sl mhe o
Sleslewl LI B Olg g0 &5 558 00 o9 cAil asly

:JJjT g.&::mV wbbu &w‘;{

curlB =0;

B =-—gradV;

div(—gradVv ) =V?¥ =0; =)
AV =0,

oY dslae ol Y Sl dslae A 0T s o7
é’))&j;f&d};&%ﬂb&w}&))

j.'.) (R ] c.ﬁj.:a 42.94,? JBJ)J bli.':.wb QT ‘.\..A

:u\iTLsAJD
AV:%i(rzal
r°or or
1 o ,. .oV
+———(Sin@ — -
Tsino oo ° "0 55 =)
2
resin@ op

S G (=) ey 53 SV = V(T 0, 9) o o
g ol S sasle M6 S

o3l b Ol 5 oo by oY dslas &S5 (o 508 el

55T Sz SHA) (587 &Spesle T iy,

Lgbb.h&.éruf,zagb.bwcbm.\il{)jb;nau\{


www.SID.ir

