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1—Moho temperature of different tectonic units;2—Temperature contours of the lithosphere®
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Il ,—North Huanyang tectonic belt; lll; ~Tongbai—Dabie metamorphic complex; lll3 =Xinxian—Qianshan UHP metamorphic belt;

Il —Hongan—Susong tectonic belt; F,—Tanlu fault; F,~ Xiaotian Mozitan fault; F;—Neixian—Tongbai—Shangcheng fault; F,—Liuan fault;

Fs— Xiangfan fault; F;— Shizikou—Huilongshan ductile fault; F;,— Macheng—Tuanfeng ductile fault
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572

b i 2008 4

AXx=200km 13

/7//»’-',,
7. /4;
W

=400km t=25Ma

Pl 7 i i 438 2 ) o s 1) 07 o i A
B = AP BRI Ax R R o WX T2 RAE R,
Pl T e A B O i, e A3 B LA S B SR AN,
Wt B AR Ay Y 4 3 BT R R 22 7, ) 14 s I U Sy ol
Fig.7 Subduction process of the lithospheric mantle during

continent—continent collision

Progressive deformations of three stages of the model;

Ax is accumulated convergence, t is the time relative to the onset
of convergence. Velocity vectors are plotted and the position
of the crust—mantle interface is indicated by the open arrow

at the right. For each stage, the region of the model
that is at that time in the plastic domain is shaded by dark grey;

all the other regions are in the viscous domain'’

XA B ARG5S R | B 9 1 R B AR e A
Tl 5 AR e B 25 A T b 19 A8 T 2 L A 1 TS
T A Al RS o 25 2% AR b T ) SRR 8] R AR
A1 VB 1 50 R B — A R M 5SS A T A o
T b A6 A Bl s v bl B R i 3 Al e 45RR
AE—FEAH B 72 DR T EL 22 i A2 A0 o Oy ) | 1 5
A R B T ) A oA AR o, 4 2 A R s TS Sy 3
JA R ST | TG BE IR h ) B o) Jeg e il 2 L, AR ME
UG 5 TR BE Y 4 X RO 28 A I ol 3R [ AT
v 9] 2 AF 1) b 3

IS S 4 5% 5 T A R LA B R R e
AERM T L AEAC AN = B 20 Bl JRE 4% A AT B AE 2K
LR (K 6—B W 140~170 km Ab ) F fill 2 51 Bt 5
A1 52 Gt BETE e 15 B e | LA R HE 5 HE S o 114
Rl DL B A B YA B i — A DL g S S o
O AN RS FR X a) 00 rh ARy i, R 7 5 B T W R4 4k
B AE AR M58 R B, S S b 7 5 T A5 31 A X — 2538
5 O 1L 3 LU T 4 A i R 25 A — 3, R
Ly 1L A 3 200 ) 3 S R A i 2 L A R
DX 1 3 A AR T A 22 3w % 1 1) B T Al 58 42 % Fik
H < RHT A 3 el

XA AR X FR AN o A8 38 K I BUAE A B TR 1)
e e 7 B A ) [ o

Gy — A~ S M R ) T () 45 8 2 AR R 1 b A
WAETE ML e U R B e, A6 R S A i sz ik Bt (16—
B ®) 5 K5 m R 5 B (©,20~40 km ) 2 1% 53
— AR BEANTAAE R R (80~100 km 4k )i 7K
1 S5 B AL R A s b s BB S R AU I
HR 5 R AR A i B 3T 1T (] 6—B TR D)) 1 i R 4%
520 Rg U KN )43 B2 Hi 3 SR T 08 8K 3 A J A
4 A3 (E SR 2 — A ) g (A B9 DD IE T2, XA I
SR Hby 5 5 TR A 5 08 AT B0 B0 1l 1Al R T Al A
TR RS R0 AR I BRI | 7R AR B <15 B
R JF 2 R HEIR S R 0 A A 7 3 LAl b
B, B 1) A1) 235 b Vi A 3 R 3

S RN oA o % v = A S i i s o A L
e ez o i R Hh 3R

5 A A A ) A5 PR

e AR T e B R A e Rl M R A i
—MRERRBLR R BRI BEUHECE Rl b 5
) — SO B R T ] A A TR A G



35 % 5 40

FEEEWARE I LA A R R S e TR S TR B 55 2

i
=

573

[#] Diamond (O suspect) k

[ @ ] Cocsite (O suspect) localities
Mesozoic & Cenozoic orogens
Paleazoic orogens
Pan- African orogens
Precambrian cratons
Agein Ma

World Distribution of UHPM Terranes

(new localities since 2000 are shown in red)

40-50

B8 A skl & R o
Yo iE B % Diamond (O suspect)localities 42 Il A (<O FIBE) 7=l Coesite (Osuspect)localities F £ % (O FJ 5E )
77 11, Mesozoic and Cenozoic orogens g AR AR D i, Paleozoic orogens AR AR Ay , Pan—African orogens
1Z 4B 15 1L, Precambrian craton 1 2 2 58 H il IR BN Ma, 2000 485 A& B4 HT = 1R 20 6 bR
Fig.8 Distribution of UHP metamorphic rocks in the world

Age unit:Ma. New localities found after 2000 are indicated by red

., AR TE v A S 2 & AR A0 98 7R Z2 8 L
R R A ROV S 1) 5 A b 2 B0 48 W A 2
ESEAE P [ A AR — 45K 4000 km B &R
A N BRI R AT BRI DL T e AL B B
BRI AR WARE R F A BR B OB RE A e TR
AR AT MK O P E IR E B A8
il B JR 4 . B Kokchetav., P8 K 1 AY
Makabal . Fi % $7 /K i) Maksutov , H1 KK Y Bohemia .t
EHY Sifnov P8 BT /R BL 3 ) Dora Maria AL AE Y Beni
Bousera JBE  E B B ATRERL Tt R4 v S 1A
JIT T I 1 4 ok i 4K 18— 2% Iy AR 5 R oo el B A 488
DX IR 2 EATTRYIE BN, BAT B Fh i | 2 #4020 1
LR LS .

(1) Bty AT o il 938 217 0 7 A 2 T 10 ey s 72 T
Fa R E R, ER RS AR A8
Hog

(2) KB AR TF A S WP 8, PR B AT =2 1) ) il
J8 — R BRI AR | Bty C T 0 1) 0T T 1) R R
AKX,

(3) 70 2RIl 45 47 Y 2 A7 Pl 4 b T N 2% AT
s 0 b T R R e DX

(4) Je I T LA R e SRR BUA 6 T, 4252
ik

6 4 ik

(1) SRV 2R AT S0 SE | ) LR 5 25 o o
FEEAT IR B g TR AR T A A R
5 PR TURE

(2) N Z RIS 38 100 T A 235 SR R0 %30 b Bk 4 242 1y
K, AT LIS B A A R N JE R v AT ) Y
BT IV 7 A0 IR i 21 A Pl i TR | 1
o TR AR B AR T sERE T Rk, R B

(3) FFANIE: I A A o 2105 A7 Pl s i T8 114 3 52
H ARSI U R AR T, R 1 DX G
JEAZ 5 e v T (R s B R AR S I 4
A P g A T X

(4) TS 2 — ¥ A0 55 3 K 0y 380 b ok A 27 )
S A BT TR TR B R T 0 5 T i



574 h [

i 5t

2008 4

S 902°C, b IR AL 3 AT A0 B8 TH IR BE O 590°C, M
RO 3 A ) B TR BE S 1307°C, 1T A6 A8 742 Bt 2%
i ) B TR S 415°C, 7R R L b X TR BE
K] 70 km (9 5 A PR EE 14 € 38 BDE iR A7 3 1Y
TR E 25 . B K A P b e A ) R g R A T A
JIT i B e Tk SR 2 A AR AR AE

(5) B 58 Hb 5= 50 1 S | A R — TR T2
Ab A AR SR A A RN b 8 T
P 5 R — i A — 5 4 51) [ 22 ) 4 A 0 o
e o AR IR S T 25 AR S 2 S A K B AR B A
Bl AR T, P b g 2 TR 7 L A E R R
o A R AR o2 5 2 AR o ) KR I R RS A
Pl e f S B — 1 BB M5 A TR R A o T
ShFE A A VB L AR SRR B ) Sl A AR R A —
FEAH B LA 7E TR ER 2 AR op 7 1) | i B Al B s
T 16 FF e A AR o 224 ey Tt e T2 50 J 55 475 i
T SE AT w4 Jo 4 1) Jeg S 2 9 1

(6) B2 35 1l 7= 5 T 55 K 3 1L 3 Ll T A0 R T
TS5 B — 3%, RS RS Ll s Ly R4 IX A ik
A5 I R 2R XL ) 55 e 19 B B IR 58 4 6 AR Y < BHA
Mg

(7)) B2 S5 Hln 72 350 D 55 K3 L 3 L T A0 R T
LRI 45 B3k S R 0 LU AR TR e 1) 7E A% R TE B 5 B
e I R T R s AR Ll
TE B8 1] S 435 1 T 2 00 P A 3 | IE Rl TE R LT
W4T BT A P b 8 T00 ) R R R 2 T A B
e, 422 Rl R R

5% ik (References) :

(1] V625, 15 T RHAC 4 M0 K BT I2 IR 5 B 3 1122 40 B ()], o
] XSl b T, 1987, 6(4) : 289—-300.
Xu Zhiqin. Large deep—level décollement structure on the northern
margin of the Yangtze Plate and its dynamic analysis [J]. Regional
Geology of China , 1987,6 (4):289—-300 (in Chinese with English
abstruct).

[2] Wang Xiaomin, Liou J G, Mao H K. Coesite—bearing eclogite from
Dabie Mountain in central China, Geology, 1989, 17:1085—1088.

[3] Xu S, Okay A I, Ji S Y, et al. Diamond from the Dabie Shan
metamorphic rocks and its implication for tectonic setting [J].
Science, 1992, 256:80—82.

[4] Yuan Xuecheng, Simon L, K, Teng Wenbang, et al. Crustal
structure and exhumation of the Dabie Shan ultrahigh —pressure
orogen, eastern China, from seismic reflection profiling[]], Geology,

2003, May, 3 1(5):435—438.

(5] GRS P8 W A 55 R i L2 ) 605 2 7 A5 1 2
B4 3 111 8 J3 2% 2000.

Compliation Team of ~Ultrahigh —Pressure Metamorphism and
Collisional Orogeny Dynamics.Ultrahigh —Pressure Metamorphism
and Collisional Orogeny Dynamics. 2000(in Chinese).

[6] Anderson D L, Foulger G R, Meibom A. Helium: Fundamental
models[]]. www.MantlePlumes.org, 2006.

[7] 07, ZBIE, T, A5 O @ 2 TR A S 1]

A7 2R AL SO JETE R BE 1 29 ). Hb TR PE, 2005, 51(3):243—
249.
Li Shanfang, Li Yanhe, Ding Tiping, et al. Helium isotope
compositions and forming conditions of UHP metamorphc eclogites
from the Dabie Mts. Terrane in East China [J]. Geological Review,
2005, 51(3):243—249(in Chinese with English abstruct).

[8] Cloos M, Shreve R L. Subduction —channel model of prism
accretion, mélange formation, sediment subduction, and subduction
erosion at convevgent plate margins: 1. Background and description
[J]. Pure and Applied Geophysics, 1988, 128(3/4):457—-500.

[9] Maruyama M, Liou ] G, Zhang R. Tectonic evolution of the
ultrahigh —pressure and high —pressure metamorphic belts from
central China[J]: The Island Arc, Jour. Mineral., 1994, 3:112—121.

[10] Ermnst W G, Liou J G. Ultra —high pressure metamorphism and
geodynamics in collision—type orogenic belts [C]//Final report of
the Task Group Il =6 of the International Lithospherre Project,
International Book Series, Volume 4, Bellwether Publishing, Ltd
for the GSA 2000, 293.

[11] Chopin C. Very —high —pressure metamorphism in the western
Alps :implications for subduction of continental crust(J], Phil. Trans.
R.Soc.Land. 1987, A 321:183-197.

[12] Platt J P. Dynamics of orogenic wedges and the uplift of high—
presuure metamorphic rocks [J]. Geological Society of America
Bulletin, 1986, 97:037—1053.

[13] Coney P J. The regional tectonic setting and possible causes of
Cenozoic extension in the North American Cordillera [C]//in
Coward M P, et al (eds.). Continental Extensional Tectonics,

1987:177-186.

[14] Butler R W H., Thrust —tectonics, deep structure and crust
subduction in Alps and Himalayas [J]. J.Geol. Soc. London, 1986,
143:857-873.

[15] ¥ B, 4o, i, &5, Ol s T2 0 08 i I B s BT
100—150 km "o [J]. B2z, 1998, 43(7):767-770.

Jin Zhenmin, Jin Shuyan, Gao Shan, et al. Is the formation depth
of the Dabie UHP rocks restricted to 100 =150 km? [J]. Chinese
Science Bullrtin, 1998, 43(7), 767—770(in Chinese).

(6] Vne, LS G4, S5 0l K 4R DX Hb 5T A 3 4 AiE 5 0B

AL AL M. db st HUT SRR, 2003 264,
Tang Jiafu, Zhou Cunting, Hou Mingjin, et al. The Geological
Characteristics, Formation and Evolution of Dabie Mountains and
Its Adjacent Regions [M]. Beijing:Giological Publishing House,
2003. 264(in Chinese).



358 54l FEPAE O LA A

A V2 H 5 e T 7 O AT IR Y 3 S A R 575

(7] S ETT, it Ve, S5 B0 A AR TUA H AR SR
e AR 0T b A 1) ) 8 BLBL ). 5 A1 23R, 1999, 15(3)379—393.

Ma Changgian, Yang Kunguang, Xu Changhai, et al. Mesozoic

potassic magmatism in the Dabie Mountains:Implicaton for

exhumation mechanism of ultrahigh—pressure metamorphic terranes

[J]. Acta Petrologica Sinica, 1999, 15(3):379—393(in Chinese with
English abstruct).

(18] Falr Bt BiRdh, e di, 5. 3 Bm i oKk 1 0y 5 35 i A S A

A UE TR BE ISR 7). BEFIE AR, 1998, 43(24):2590—2602.

Li Guxian, Chen Jing, Li Xiaobo, et al. Measurements of

additional structural hydrostatic pressures and depths of formation of

coesite —bearing eclogite [J]. Chinese Science Bulletin, 1998, 43

(24):2590—2602 (in Chinese).
[19] £ 1E. @& K 8 e AR A B R BE e ). HBRER 2 —h
22440, 1996, 21(1) :41—44.

Wang Fangzheng. Depth of high—pressure and ultra—high—pressure

metamorphism [J]. Earth Science —Journal of China University of

Geosciences, 1996, 21(1):41—44(in Chinese with English abstruct).

[20] T2 %6 0223 77 I P 45 5 0 5 5 R R [ o LR 2

(D ), 1996, 26(3):209-215.
Yuan Xuecheng. Velocity structure of the Qinling lithosphere and
mushroom cloud model [J]. Science in China (SeriesD), 1996, 36
(3):235—244.
[21] 3 2, T8 A Rl AR 5 1 2 A 3 R R AR T B TR ). v Tt
2007, 34(5):737—758.
Yuan Xuecheng. Mushroom structure of the lithospheric mantle
and its genesis at depth:[J]. Geology in China, 2007, 34 (5):737—
758(in Chinese with English abstruct).
[22] B R, KA A1, 45, ol IR 2R 7 ok A i b 0 30 A 1) 32 %
B, B s TR HRERTZ, 2000, 7(1):97-106.

Lu Fengxiang, Zheng Jianping, Li Wuping, et al. The main

evolution pattern of Phanerozoic mantle in the eastern China:the

“mushroom cloud” model [J]. Earth Science Frontiers, 2000, 7(1):

97—106(in Chin ese with English abstruct).
(23] W, AR, B AAE, A5 AR ZR 00 L A T B A ) e T T

[24]

(25]

(29]

). P ERE, 1996, 26 () 2 13-22.

Jin Xin, Ren Guanghui, Zeng Jianhua, et al. Lithospheric thermal
structure and section model in the East Qinling orogenic belt [J].
Science in China (Supp.), 1996, 26, 13—22 (in Chinese).

IR, AR, R L e AR Y ) R R HE SR ). A A
ZEAR). 1998, 14.:481-492.

Wang Qingchen, Cong Bolin. Tectonic Framework of the
Ultrahigh —Pressure metamorphic zone from the Dabie Mountains
[J]. Acta Petrologa Sinca, 1998, 14 (3) 481—492 (in Chinese with
English abstruct).

Wang Q, Cong B. Exhumation of UHP Terranes: A case study
from the Dabie Mountains, Eastern China[C]//Ernst WG and Liou
JG (ed.). Ultra—high Pressure Metamorphism and Geodynamics in
collision—type orogenic belts, 2000, GSA, 293.

Pysklywec R N. Beaumont C, Fullsack P. Modeling the behavior
of the continental mantle lithosphere during plate convergence [J].
Geology, 2000, 28:655—658.

Pysklywec R N. Evolution of subducting mantle lithosphere at a
continental plate boundary [J]. Geophysical Research Letters, 2001
28(23):4399—-4402.

IR, BAF IR, K R AR W S 8 Bk Ll — R A )2
2 1 2 I b BT R SL[)). Z R, 1995, 5(2) :29—36.

Tang Jiafu, Qian Cunzhao, Gao Tianshan. The discovery of meso—
and epi—metamorphic volcanic clastic rock bed association in the
eclogite belt and its geologic implications, the Dabie Mt, Areal]].
Geology of Anhui ,1995,5 (2):29 =36 (in Chinese with English
abstruct).

Wk, VB, Weih, L BRI R N A BT E AR
PR e 728 Tl T B % aty A AR e A R0 0 AR e A D £ 3R
). WA, 2002, 76(4) : 484—495.

Yang Jingsui, Xu Zhiqin, Pei Xianzhi, et al, Discovery of diamond in
North Qinling:Evidence for a giant UHPM belt across central China
and recognition of Paleozoic and Mesozoic Dual deep subduction
between North China and Yangtze Plates [J]. Acta Geologica Sinica,
2002, 76(4) :484—495(in Chinese with English abstruct).



576 h = b

=

2008 4

Lithospheric structure under the Dabie orogen
and another model of exhumation of UHP rocks

YUAN Xue—cheng, LI Shan—fang

(Development and Research Center, China Geological Survey, Beijing 100037, China)

Abstract: Study of helium isotrope of UHP rocks in the Dabie area shows that minerals of UHP rocks such as
eclogite in the Dabie area were not derived from the mantle but formed at top of the lithospheric mantle (LID).
According to the deep geophysical data, the authors propose a new model for the formation of UHP minerals at
the lithospheric mantle lid, i.e. when supracrustal rocks were subducted to the LID, UHP metamorphic rocks
were formed at strong pressures caused by convergence of plates and high temperatures produced by the
mushroom cloud mantle, and then were exposed at the surface due to doming and erosion of the crust. The
available literature indicates that when visco —plastic continental plates collided and were subducted the
deformation of the LID was much more complex than the deformation due to subduction of a rigid plate. The
direction of subduction was mostly vertically downward, and the subducted plate and retro —side wedged each
other like fried dough twist and the subducting direction might change at depth. When the LID partially melted,
subducted materials would spread in the locally molten layer and formed UHP metamorphic rocks at high
pressures and temperatures. The global distribution of main UHP metamorphic rocks is associated with the
distribution of the Paleo —Tethys Ocean. However, it is not certain whether both of them were soft collision
between visco—plastic continental plates and whether there were high—temperature regions at the LID near the
collision zone.

Key words: Dabie Mountains; UHP ; helium isotrope ;soft collision ;seismic reflection profiling;heat flow
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