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Abstract: A 1-D numerical simulation of the heat flux in the Yanshanian stage in North China yields the follow-
ing results. (1) Under 1 GPa pressure, if underplating basaltic magma at 1 250 °C heats tonalitic country
rocks, and raises its temperature from 400 C to 850 °C with localized melting, then the ratio of the thickness
of melted country rock to the thickness of crystallized rock of the basaltic magma is approximately 0. 12. If it is
assumed that only 25% melted magma can be separated from the country rock, the ratio of the amount of sepa-
rated magma to the total crystallized rock of the underplating basalt is about 0. 03. Thus we may infer that if a
1 km-thick-layer of granitic melt is created, then a 33. 3 km-thick body of underplating basaltic magma should
have been totally crystallized to offer the needed heat flux. Assuming a 10% partial melting of asthenosphere to
produce a 33. 3 km-thick body of underplating basaltic magma, a thickness of about 333 km of asthenospheric
material should be involved. (2) In North China there were considerable basaltic eruption and gabbroic intru-
sion in the Yanshanian stage. This implies that complete crystallization of the underplated basaltic magma is im-
possible. Our simulation results show that the intense magma activity in the period of Yanshan movement, as
we have observed. could have only been generated with the involvement of a huge amount of underplating ba-
saltic magma and a strong heat flux. The numerical simulation of this paper is of significance in understanding
the deep tectonic background of the generation of Yanshan movement.
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Table 1 Parameters corresponding to the different

melt percent of tonalite at 400 ka

/% /K(CC) /ka /m
100 1473(1 200) 400 2.6
70 1 443(1 170) 400 2.9
50 1383(1 110) 400 3.5
30 1 223(950) 400 5.2
20 1 173(900) 400 5.8
10 1 148(875) 400 6.2
0 1 098(825) 400 7.0
2 400 ka

Table 2 Parameters corresponding to the different

percentage of crystal in basaltic magma at 400 ka

/% /KCC)H /ka /m
100 1 348(1 075) 400 30.5
70 1423(1 150) 400 33.7
50 1 448(1 175) 400 35.0
30 1 473(1 200) 400 37.3
10 1 498(1 225) 400 40.5
) 1 510(1 237) 400 44.0
4b, )

2)

1000
*‘ 1348
SO0 1423 1473
1448 1438
_ oo} 1510
=
& 400+
200k
0 1 I 1 1
0 20 40 60 80 100
1B
2000
1600
1200
£ 500
400
0 I s | ! I I L
0 20 40 60 30 100
¥ 8 fm
4
Fig. 4 Heat flux model of North China Yanshanian stage
:a (T =
400 C+273 (K)); b
( 1250 C+273 (K)
; 100%
70% (100% +70%)/2 =
85%, (33.7—30.5)m=3.2 m,
( ) 3.2mX85%=2.72 m,
1 Gpa ,1 250 °C 400
ka, :35. 8 m, 1250 C
400 ka 35.8 m
’ 489
( i)
( )7 4.1 m, ’
400 ka 4.1 m
, 1GPa ,1 250 °C

400 °C



162 , , ./ (Earth Science Frontiers)2006, 13 (2)
) 400 ka, 1 km
4.1/35.82=0. 12; , 1 33.3 km ) ,
. 5% ; .
4, Bergantz*
25% ) )
s (4.1/ ,
35.8) X0.25=0.03( ,
Do o
Bergantz* (1989)
0.4, 2
0.1,
Bergantz-1 (1989)
, 400 °C, Bergantz , (
700 °C . 400 C )s . L)
850 C, , N
Bergantz o , / ’
(0.12) Bergantz 0.4 /
o ) (17
) ( (100 Ma
) )
0. 03, 1 km .
, 33.3 km 28] ,
do 550 m, (J;) 3000 m, )
(Js) 1700m (K 300 m™, ;
(pyrolite)
1 GPa 2] 1250C 3
6.5%
17.9%., 10% 33.3
km 333 km )
( ) ( ) ) o
) s ) :
(1) 1GPa ,1 250 °C
, 400 °C s
. 0.12; 25% , )



(Earth Science Frontiers)2006, 13 (2)

163

0. 03, 3
1 km
33.3 km
. 33.3 km
333 km (

10% ,
)
(2)

[4]

References:

[1] CONDIE K C. Episodic continental growth models: after-
thoughts and extensions [ J]. Tectonophysics, 2000, 322:
153.

[ 2] LIXiaobo, BAI Xingbi (Translator). A national program for

research in continental dynamics[ R]. Beijing: China Geolog-

ical and Mineral Information Institute. 1993: 1-73 (in Chi-

nese).

[3] FYFE W S, LEONARDOS, JUN O H. Ancient metamor-

phic-migmatite belts of Brazilian African coasts[ ] ]. Nature,

1973, 244.501-502.

BERGANTZ G W. Underplating and partial melting: implica-

tions for melt generation and extraction[ ] |. Science, 1989,

245:1093-1095.

[4]

[57] JIN Zhenmin, GAO Shan. The dynamic significance to under-
plating and evolvement of crust-mantle[ ] ]. Geological Sci-
ence and Technology Information, 1996,15(2):1-7(in Chi-
nese).

[ 6] PETFORD N. Partial melting of mafic (amphibolitic) lower

crust by periodic influx of basaltic magmal[ J]. Earth and
Planetary Science Letters, 2001,193(3/4):483.
[7] XU Xisheng, ZHOU Xinmin, WANG Dezi. Crust-mantle in-
teraction and the genesis of granite: a case study of coastal
area of Southeastern Chinal[ J]. Geological Journal of China
Universities, 1999, 5(3): 241-250(in Chinese).
XU Xisheng, ZHOU Xinmin, O’REILLY S Y, et al. Explo-
ration for the lower crustal materials and granite genesis in
southeast China[ J]. Acta Petrologica Sinica, 1999,15(2);
217-223(in Chinese).

(8]

[91 WU Fuyuan. The material exchange at the crust-mantle
boundary: evidence from igneous petrology[J]. Earth Sci-
ence Frontiers, 1998,5(3): 95-103(in Chinese).

[10] WU Fuyuan, SUN Deyou, LIN Qiang. Petrogenesis of the

Phanerozoic granites and crustal growth in Northeast China
[J]. Acta Petrologica Sinica, 1999, 15(2);:181-189 (in Chi-
nese).
[11] LUO Zhaohua, KE Shan, CAO Yongqing, et al. Late In-
dosinian mantle-derived magmatism in the East Kunlun[]].
Geological Bulletin of China, 2002,21(6): 292-297 (in Chi-
nese).
[12] LIU Chengdong, MO Xuanxue, LUO Zhaohua, et al. Mixing
events between the crust- and mantle-derived magmas in
Eastern Kunlun: evidence from zircon SHRIMP [[ chronolo-
gy[J]. Chinese Science Bulletin, 2004 , 49(6):596-602 (in
Chinese).
[13] LIU Chengdong, MO Xuanxue, LUQO Zhaohua, et al. Mixing
events between the crust- and mantle-derived magmas in
Eastern Kunlun: evidence from zircon SHRIMP [[ chronolo-
gy[J]. Chinese Science Bulletin, 2004, 49(8);:828-834.
McKENZIE D, JACKSON J. Conditions for flow in the conti-
nental crust[J]. Tectonics, 2002,21( 6):1-7.
DENG Jinfu, SU Shangguo, ZHAO Hailing. et al. Deep
processes of Mesozoic Yanshalian lithospheric thinning in
North China[ ] ]. Earth Science Frontiers, 2003, 10 (3):41-
50(in Chinese).
XU Wenliang, WANG Qinghai, WANG Dongyan, et al.

Processes and mechanism of Mesozoic lithospheric thinning

[14]

[15]

[16]

in eastern North China Craton; evidence from Mesozoic igne-
ous rocks and deep-seated xenoliths[ ] ]. Earth Science Fron-
tiers, 2004,11(3):309-317(in Chinese).

LU Fengxiang, ZHENG Jianping, ZHANG Ruisheng, et al.
Phanerozoic mantle secular evolution beneath the eastern
North China craton[ ] ]. Earth Science Frontiers, 2005, 12
(1):61-67(in Chinese).

TEPPER J H, NELSON B K , BERGANTZ G W, et al. Pe-
trology of the Chilliwack batholith, North Cascades, Wash-

ington: generation of calc-alkaline granitoids by melting of

(17]

[18]

mafic lower crust with variable water fugacity[ J|. Contrib
Mineral Petro,1993,113:333-351.
[19]

ZHENG Jianping. Mesozoic-Cenozoic mantle replacement and



164

[20]

[21]

[22]

[23]

[24]

[25]

[26]

(2]

lithospheric thinning beneath the Eastern Chinal M]. WU-
han: China University of Geosciences Press. 1999 126 (in
Chinese).

China Earthquake Administration Geotransect Compile Com-
mittee. Explanation of Fengxian, Shanghai-Alashangi, Inner
Mongolia Geotransect [ M ]. Beijing: Seismological Press.,
1991:1-66(in Chinese).

WYLLIE P J. WOLF M B, van der LAAN S R. Conditions
for formation of tonalities and trondhjemites: magmatic
sources and products M]// de WIT M J. Tectonic evolution
of greenstone belt. London: Oxford Uni Press, 1997: 256-
266.

RUTTER M J, WYLLIE P J. Melting of vapour-absent to-
nalite at 10 kbar to simulate dehydration-melting in the deep
crust[J]. Nature, 1988, 331(6152):159-160.

WU Zongxu, DENG Jinfu, WYLLIE P J, et al. Dehydration-
melting experiment of the biotite-gneiss, Eastern Hebei, at
1 GPa pressure[ ] ]. Scientia Geologica Sinica, 1995, 30(1):
12-18(in Chinese).

BAO Yigang, LIU Zhenfeng, WANG Shifa, et al. Yanshanian
volcanic geology and rocks [ M]. Beijing: Geology Publishing
House, 2001: 1-164 (in Chinese).

HIROSE K, KUSHIRO I . Partial melting of day peridotites
at high pressure: determination of compositions of melts seg-
regated from peridotite using aggregates of diamond [ ] ].
EPSL., 1993,114:477-489.

DENG Jinfu, SU Shangguo, LLIU Cui, et al. Discussion of the
lithospheric thinning of the North China craton: delamina-
tion? Or thermal erosion and chemical metasomatism/[ ] ]?

Earth Science Frontiers,2006,13(2):105-119

s s ./ (Earth Science Frontiers)2006, 13 (2)
,1993:1-73
[5] s . (underplating) -
Ll ,1996,15(2):1-7.
(7] , . .- —
Ll ,1999,5(3):241-250
[8] , L,OREILLY S Y,
Ll ,1999,15(2); 217-223
L9] - (Jl .
1998,5(3):95-103
[10] , ..
Ll ,1999,15(2):181-189.
[11] , , . Lyl
,2002,21(6):292-297.
(12] , , - - .
SHRIMP L1l 52004, 49 (6);
596-602
[15] , , -
Ll ,2003,10(3) :41-50.
[16] ; , .
L.
,2004,11(3):309-317
[17] , , -
[Jl ,2005,12(1) :61-67
[19] . .
[M]. . ,1999.126.
[20] . .
(M. : ,1992.1-66
[23] , ,WYLLIE P ], 1
GPa [Jl. ,1995,30(1):12-18
[24] s s ’ . M.
,2001:1-164
[26] , , .

. . [R].

: 7 [J?
,2006,13(2):105-119



