%37 B9 1 W LRI E< I | S 5} Vol.37,No.1
2010 42 H GEOLOGY IN CHINA Feb.,2010

SERELERMFERRIE LFHHZF[EBR

Mm% EE LEW? XA K KA
FTERALY TEMN? KEXK2EZH* BAR

(1. F B RAF R FA LA, T 100037;2. F BRARF (KR, i KX 430074,
3. P ERFAHF RS FRAL, AT 100037; 4. B KF kB & 710000)

BE A EBRAREEE N, )2 50 A0 00 5 1L 20 5% T BRI IR 4 D SRR R s L e R IR A R B g — L
H BRFE 2 28 AR 3 () B4, PSR B I VR 2 L R KIS 30 (5300 Ma) IR A 1 W | T sl 98 T
3 1000 km, I B 8 AT AR R KRR AR AR DUIE I 10 483k, 28Rk DAy 19 0F 53 © 42 1501% 5 3 I 2
0 2 AT B0 A 0 SR TR I — A A R A B E B — 3 1L A A R R S L E LD A DR R s
1R R A L K S Sh I B B R AR L L R AR A 5 R AN LD AOek v LR AR A
Ry 28 TR It O 3 L I 5 DGRR[0 B A 3 1 Bl ) O 2 A R OB A T —— K 8 ) 2 R Y
BNE

e ] v e st LS A G b AR e e AR e )R v B R L — 45T A T E i SOR T LAY (K 5000
km )R AT, e LR R 28 T T R B 600 Ma 1 IE 2 7 5 U6 4 20 R = 8 20 1 T R 9 e 1Ly DA R 1) S 20 LSk 1 iy Y
T L g AR TR AL SRR P B A A T LD RE T PR AR AT A L vl b L b e R T RS BT A A A e T s I 0 A
A i Y3t 1o AR 2 M LA R s 1L PG 5 R i A R R R A R R T R RS A ok R g AR
e R T T v AR AR O R B T R L TR G 28 T M BV B A P S /Bt S BRAR 2 100 km A
L 1R e R ALk ) TR R X 5 A o e e i L A A B L TR R R RS R RS TT A5 1 B A I — A
Bl P9 AR M2 G AT R Y A T L E AT B

o vp ok R AE G 3 LT DAV R RS A G 1L R A G 1 L gl g A 0 T R M A e R S A% O B
2 [r) RS, o ok R A G ol L A R AR AROR S 0 R O R Rl AR e ol B DA R o AR AR N LS R A
Hb T I T R — AR TR A B e R AR A NP e / ik 5 AR e — VAR o 5 R h 1 2 LA B R R
o ook A L AR DI Sh M | LR A 2 0 R | LD A ) DL R AT L R A/ e S R
RS AN DN i Race= g RO P O AP = e | N (S I e e g R W A AN 2 o A TRA S AV ||
TR T T DA BB A R G v AR BREE NS M A 2SR 0 R 2 B (T O R SRS S B f 2R T R
k8 W PRI E S IEN s )y

FESES . P54272 XERFRARAD A XEHS 1000-3657(2010)01-0001-11
o= P Z A E A (5000 km) MG (18T 1) i 1L
=

AR F T R B 23 D e AL PR R 23 20 T P AR
T AT — SRR P A R R PU M R JER MR S AR A i ER R G T

Rrp ey Ay, VWRE S | BUREMAREL, 2% Hh o L R LR AR 2 L S T AR R

W N IR E X R E KK — & T BEE M L SR Ea Sy U e el OB SR T TR T

s HHA .2009-11—16; 2B B & .2009-12-02
ELWB . b 582 Ja i 5 KPS AT H (1212010711816) %1,
TEEB N & 5 1950 4F4E WFoE b3 18 00 35 B0 R 1 1Al s o R0 v R A A RO

E—mail : yangjingsui@yahoo.com.cn,



2010 4

=

i

N.0€

N.O¥

eury)) Jo 39g] druasory punodwo)) [enua)) oy jo dewr paymeyg [°9r]

N.O¥

BT MY YA X TS B L B
3,024 3011 3.004
= x| 4. 2] 75 | =l o
wy 005 0 L L B yEn ] WRERE] ]
K * ﬁl\m @
¥ 8 [ |op B .
2k = ammgx-my [ ] WHESR[ ]
Q.
\ Py wumn [ ] weves
/ ¢ yemg [ ] snessvel
) [ ®
/& (elNgZzZ-0¥C *BINOOS~)
> g LUTHLBIEY -0 M=o
. P Q&. & . &
o7 { cemovzoge~) | | T
! i a wﬂ %* = AE [ cenozr-o6v~)
= SUFHSBGIH
/ s B4 (BINOOS~)
HYFHLAB Y ]
3.0z} 3.041 3.004 3.06 3.08



ERYESE B

W 24 S A T LA RN op [ ob e 3 1 3 A R ) 3

AR LUK A TG s A A by o B PR R |
S 1 iy b (AP RS PR il AR L 2R
B I ANbZe0e ) o Bty A A Ly | ilf 43 32 1
LR TR (AR AR R C R e R
ARG ) 22 b1 1 Bt A AOR — = & 22 B0 IR vh— il
AR BRI AR AR T = st — AR i
Hh e 1 0 AR B R A A [ I S R i
s DF & 2R 2 5 3 Lty e PR AR AU I 2
LA SO ORI ST, 283 T Rl P LA Y
o A B Z s SR, B A P ki
s 2 — RIS sh 2 W iy <= A,
A& IR T 2h DL R 2 i LR & A2
A E e i L R TR A T LB e i i
KIRGLY %, TP i 1 2 5 1 1 3l 22 i it
FE AU T EB AR R R A s i Al b
Rt 19 A 4 e — Bl e e B It o ] 10 3 2
ERAG M A H HERRE R, T H AR 4
BRI LA IR 5T R RESE A2 R B TRAR sh AT R (2 &
s liBuREi-RE S Il Pa kS PNz DSBSl
AL Py S Y BT
1 EaE LS E R R Rk

JE I H R TR

N AR A7 (9 i A Pl EE R 2 A 18 S 7
Z BRZ U SRARF A EA L R G2 B
o Mz B LI Y <8 il 52 BIAR B | Rl A1 Bl O
RN AA AT AR A 2 Al H O A A Ak it B Y
e sty . AR A K B ) 22 i ) g bk B AR
i B8 DR il b Jo 8 A U Bl A4 3 L T R
R 35 1 LA RS BT | 7 8 £ D A T K o
L[ERUISD I IS (27 N AT (I RS I O
FNGR S T3 LA e e Mg Ve i B8 S A4 84 KBt 3
FRFEIHRIE 20 22 90 AFARE &I s, KEGizh
PR SE R — TR R R ARy
T 5 AR M BR R 2 i R T B AR

TEAERORREE R N, A 7 ORI B 2 3 1Ly
AT A 30% LA L, IXEEE R I AL T
M BRI 3 L i Py s L T AR SR (PR
7050 | ANSREATRE= QTEE L3 (e o A R T
HT RS, 100 24K BT AR 9L A0 —H
Wi I R & s s ik I, & I R
TEHbTE AR RE A 3R 2R LB T S ) 2 R A

B B MR I H 0 Bl b 2 A ek i B T
& LR FH 7R TR R B L s Lt R R
VE 5 A1 BB B AR 132 3 ARG J3E 1 F A R AE , Ak 2
) ()32 20 AT LA o 3 PP A (B E R 2R B A i e
R B B8 3 Atk A0 2

1 L — B AR ER B2 (SR L, FH A
Bl 7R B i 1Ly 220 100 24 MBI 9E 2 %k 4 BR i
A iy« i 4 25 G0 R g Be Tl AR TR B —
BB S A R [ T, B SR L ) O A
Wt B 1 A4 (0 RN Sl s LAt ) ATy s Ly i)
VFZ IR AELE o) o FLAF B EPIE sl & 1E , 2Ekis
LU 1 TR AR 90 fof 1 I 27 5K B, A ety 35 (3% 20
i %) ) SRR SR 5 — 036 202 ] LAJE B o 78 1
LT | 78 DR BhAR B (B Bl Bt 2k ) — M, {1 28 2 b Hh (9 E
LS5 2 A I A W Bl 5 1o e v 30 A7 5k B A 72
T T B R 3 R 1114 3 B9F 93 34 K B0 AE AR B i 2 I AT
DAk ZEgE 1l (Sl ) B8 78 1L B 4% 5 iy X i
Ly, 3 oty A 2 LU B0 2 S 2 30k L Bk i e B R T
FEAE R GE TR IR BE A SR EL Y A S AR
FEAER, B 5E RO A e — 3 25 LA B th iR 4 T
BB RN T A

PRI it J5 2 0 3 % i 2 Ly 7 ) AR
B 7 1 AR AN BRI 38 A Bk i1 % i B 4 s 9 | T
AT R BRI B0E 0 2 LT TR A6 s i
Bk 1 2 A AR R A S KBNS 8 (>300Ma )
Z b RS E Al

el P SMIF 98 SR R R 342 B Akt 1L 1)
FEAE T — B S s, R i s — i Ll ) &
A LA BT ), L R A M — TR 4
¥, 115 5 VR e R 2 A WIS i s 1) | A Bl 1 L
A L 2 AR LR A e 1 AR A
AR 2 ML A L B 109 1 R TE R AR B 4k I
C i e B ST 18] 2 22 B (M 5T Bk B R 1k
2 HA SRR AU ORISR )N RGE IR YR,
S A R A v 1L sl ) S AT B R 2 A Bk
R 20 R S 1R S WS N ) DA K= <3 Rt T £
LR R ERB 2 R R R KT OR

2 Ay S I IR A AT R

H 20 22 70 TR, 7E e i B i X) K
il s LU HF B SR v N T R BRI A T A ARE ) %o i
Ly 3 R F s 46 e AT I REAE T AR S 0 R AR M



4 h [

i 5t

2010 4F

Jo 7 3 3 36k R il LLVRE A9 i ), AR B LB AR AN
PR T2 AR 2 A B K s P, T AT DA i 31 Al
WL IRECE TS 2 T TR T sh 3R, PR H i 5 i W
P i AR Y K il Al 48 45 5 2 O fiE T LS LAY £
B ML 2 5 IR 3 LA 0 B 38 R L ) ol e 722
W | AR KA W BUE R G B, AT A Kk A A AR A A
A O i 300 CORF o 28 L% ) | 3 Al 4 30 (Al R 1L )
e il 4 30 (it PN Y L )

i o Y LU % . IR Py AR s TR o AR Dy sl
TE AR TR AR 0] B J AL, TR B Rl 2k B () R ek
YRR ™ A A [) i B 388 A7 3 2B 5 i oK [
S5 O T b R AR H A AR T Kt LU I i
FIFE R PRI AR A o b 35 04 =8 30 (3 30 ) Bl 2%
() SIR 5 SIS — 00 B4 35 Sl AT LAJE B OF o AL L i
T B A IR o L B Ml BT S e B
IR WAEZ Ty T /N 5 7 P R i 4 B[] 31
R RHE S RS TG A R W T I 2
S IR 0 RER S ORF b A 8 A 0 D B — Tl R
TR A RF oh 2 1L

Blf J8E 70 L0 . K b (4 22 LA A R S IR
M B (w5 Bl ki 2 ) — N, 45 50 ol 2 A 2 230 b v ) T AR
it J2 P 7S Join B JiE A Al B i 43 ok R b 2 5 2 AR
e, T8 J Al 45 780 Ly | 78 10 451 7 A PR — K
IR H T B A RIS v Al e — 0] 4y BT 2K B 17 1L i
AN T S P S R S 618 B EE AR v A ke — 000 14 - E i A
W, & & hos i 2R FL R e 1S A LA
SFAE A ST 2 B Kl Al 4R Y 1L BE AR A R DL O
SR/ i Al 48— i / i 6 8 %) O XA A T, B S bk
AR B RE il Bl 5 DX S I 9 S AR Y P, A
LB/ il Al 4 71 RS A 3 LU AR I Ao AR AR B AT RE 2 R
4, AR B ] — 5% 7K 22 A B AR 3 L A IR/ ol il A
15 LA FH DA R Bl 220 % A0 b JFF s 380 8 3 1) 235 R Hp 8
7 32 Mal™l,

Fili N B LB . B e BRAE ARG R 22 s ] L) 4k
2t 1L (JE 1 1) BCE TR B A8 A I b X 1L X
Fili A 365 L35 B0 2 R B R LU Dk g TR B R T | 7 A R Y
TR TR A RE A R A A SR AR R A
IR b e IRRE 8 e Je — 3] 25 L R LI AR AB TR R

3 Al 5 AT gl KOKRE
HERIT S
HOBK L4 R B AR AR, B K

WE S D sl R AR VR 2 KA O R B
W E G S KR A A G, HME G L
RV & 3 1L KR sh M R R IS an F i
3.1 EREWLHRR

(1) PSSR AS DL T B TR 8 Ly 9 D I 44

WU K B AR ERAR I | S YNl PG g /7 8 i
1000 km K # S 10000 km AR}l #5756 1114 2
Wty 2 A RORI L 1 S — L 0 T 45 P AT i Ll
JH S T L BE A T R R E R A
WP eI E D TR AR S L
Hh A AR AR ARG L R R PRI e R A PR H
R <3 1L WA 5 5 (Orogenic Plateaux)” 198 B i
7R T RREG A LR R A A B 35 SR
HIEH A5 ) — k& 14

(2) & AR IE & B M 2 A 1 1

WEFEFNT BT R BT 3 1L & R R 48 T 7
Tl e AR BRI Al B ] RE R
e L X AW AL AN GR=ACE 0% 5 R L AN

(3) 5 RBEAR vl (7 I ) B2 %85 AH O Y 52 i
i

B R BN — W2 L AE T, [R] i o 3
5V R ohA G0 R 3E LLAE R BV, Hy T8 i
P A P 78 S B — M O 55 R S A o (Bl e O ) B % A
SR AR, MR 5] A RO 1 9 [l — 22 2K =2
AR A 36 E PR Sierra Nevada FER S 42
fR 38 LAz Bl - R R L N SR B TR AR
B LR RS
3.2 EREBEWLHENKEES

Mok b iR 22 52 G ik 1L A R A SR A U 2
i w1 (O B 0T & e A 0 A Y Sl EARBTS
W], %A A 600 Ma — ELIE S BI BLAERY, fRilr AOHF5E
W] % LAl 20 T R AU 3 i 1 3l
WA A Al A L R e A AR L
LR T b3k RN 48 7R 2 3 LAl Y s 5E O
AR I RA KIS AR R A B
FiE PR I Y T R R A (5 i ] 1 S 32 A Y
WL, DA Ry E 3 Ly 3 LA B R R g SR
HRIPEAZIE B8 7 19 36 LLFARE R B L i IS FA
A1 AR A T IR A 52

IR G A R RTEE A Z S
KA EAE AR, (B2 BT ek R 28
B 3 1L R AR TR Sl i U 3 ) 2R



5537 5 1 W W aA

I LU P e s LA A A 2 () R 5

SRR AHLE A ANV AE
4 filfAE A LA R R A B E S

K Bl AT

H A 4 BRE AR s A s kSR AR, B4
FE A BRIl il 8 3 L AR B R A R T
20 A% 4 f He AR T 12524 3k 2 M BR AR 27 % R sl A
WA L B — RS, hm Rk
AR ST 10 5% T ST/l 7S TR IR o Rl AR 3 1 B AT AR Y
DA B 4B T RS B B e 1 5T LA R e £
100 km LA B HEDE TR BE | AR 5 SO 43R (8] 4 76 I
R TR AW S, X — R BB R gk Ak
VLR MGG HERFL B Pk, RS ASER
Hiu R GR R Bl ) 2 3 A R A ST K B B ) 2 B Y R
T i AR ST A 2 B0k s 15 At 1 3 77 22 1
FAR M T W A PR AE R ETVR R )

20 A AT i He 7R U AT A a5t B — 26 50
R ) A I A R . BT b e 5 S BB AR i 31 22 R IR
JE o AR B K BT 72 25 A1 58 38 J2 Qi far 4 v 28] b i ¢
B, SO Aol 43R 2 M 3% o 8 R AR BT S ST — g AH B
VI B b BR Py S0 PR B YOG 3R 2 T SR AR M 2 1 T
TN A AR B B 1L e R
WA IR JE A LAk F TR e AR SR A E SR TV
/Bl 7E GRAR oh BlE 8 3 Ll K TR 0 Dy s ad R PRk
B LB — T P A Rl AR 1L
R S A LR T B | 5251 B R Gl
Wiz 3l AR R o R R B TR A A v R AR
Joi A EE RS, AR MEVR A AR e e AR ST R
HLER AN Bh 43 B BA, 4 BRE ) AR T A AF 5
BT Y2 a0 HBRA R T R REST ) i A
=S R R S R PO VS N S DA L Ok Tl I T2
P, FA PRI 3 LU Y 75 B R B R v R AR BT
A7, SRR R AR BT A AR R B LB DA
fiff ¥ 3 LU B B 32 T R e R BT TR AR5
TPk

5 s A st R

WFFE R Rl Ly 1 b 7e /o A R e 1) O
AR A RV A5 R W R A F MRS SE i
MBI L AR RS L Bk Py BT 5T
AN T Al e A B B BEOIRZS B T A JR A
Hy, Fe N A ARG v R i L JC AR | S

TS 7KK, B B ) B R AR A P e 1 ik
W HbSE M A R — Tk 5 A e SR AR AR A I
185 11130 2 A -5 4 T N 3 T A e X
T EARA R PR OUE T R AR T 5T Y AR
JETAER KB e i = P sk AER A A LN
MEHAEMAG LR FE2 I HiE e dE14)
PEFVAASPE ] A AR By, A AT E 3 L
IS5 B 52 2 e A 22 5

A AT L 3 L RS LR T R bR I
O 20422 00 A% 0 K s b J 7 AR 2 LAl B ) a8 08 7285 174 B
4, LBk s B o I i — A B R — 3 1
BEWE IR R RS, EAE WG
Bl 75 E B Y 1T KB B 71 2E R 5 ) R IR
R A IR R AR S H bR, Al
UNES RNV PN eI
6 il B G s 1 AR

AR

b Ll R OISR i R e Rl T o A i
A E R 5 28 R b 6

Z s L 2 07 T K3 600 Ma W& B I s | g
Pedra . =B 20 W URRIE T & 11 DL R e DOk Y
il PN 3 L 3 R T R SRR SRS ) < I 1 LA,
e 1L TR AT B SE I B e S, R T Z5 R Y
52 (R bl RV B 1L 2R AR 2R
TGS R | L R i 2 3 | DL Ly P
SR AT R, BIRE Tl BRI
FEI LT UG H A DEA DL A b R R AR K
Hh D R AR R TSR | R R v sk 1 A e S U
RS I S 1 i A L P g s AR R R R R TR/
il 2 R i A FH R 9 S0 5 A8 O A FH A R
JEAR At WAF AR, Haon T A s L1 B T8 10 28 17
M B 5 0 v 7 /Bl S TR o 22 100 km LA 1Y HE
e R AL 1 T UOH UL BT =, R E AL i S
1 Ll B 2 3R L R G BE T R RS R R AT &2

A LAY
IR e i L AT 5T R s H
A LU FRHE

6.1 FHMERME ELUXRBHEZHEMHRFIHK
HAtE
WFFE R B3 L T Ay T R AT R AL M
FRPr e (f i S 2 e W KR R A



6 h [

i 5t

2010 4F

S A B R ), PR b e LA BT L2 TS
THC AR LR B K TE S A A i I s A Y
TORHE s i s iy bl (R FE P RS BT R 4
tr AR L AR E A A e 22 08 ) o Bl A AR L
i RS ILEFZS R TR AL, Ml (BEAR S
TR R R KRB AR B & 0 T Ml A AR —
= SRR ERUIES TR UN S & B IIE (YT ]
=3 e Y O | L ARSI D oY% S S e 4 1]
AN [R) s S99 B ) 3 Ly BB R 52 2 L
TEPOF A AR, 525 3 Al SORAR AR S 5 BT
283 1 Wi A LR A ek, R A H 22 4 1 SR
SO, EVSERE b ek Al 5 3 U T T 00 B )
P 1L AL, e — A TG sh A 2 B g < A2
i a7, fH e L RS B R
o R T LU =071,

()R ERZE & ik 2 5INNE
A A SR

WG R vh e g Al e iy Bt 2R AGE
LI 2 I 2 i AR / 5 2 B, Aok i 2 1 90 3R
WY e g LT 0 b AR i S e b O B DR A S
PR CHoc i A —R b A Q) M S, HET B b e
LLE B B AR/ 5 I 2R G 22 60 T D R 8 B0 2 A
X BL 9 ity 22 ) 2 A e R 4 S0 v b A/ 5 IR (3%
Bl ) R OB VI B R B ), Mo/ B0
AH ] 119 25 B 3 08 28 0 P 6 e B A/ 5 RE 1Y
PraSnE N/BE — BB ), BT B R
A A, X =2 R AR R o TR AR
T LU R TR 0 52 A0 sh s 55

(2) “dE 5 H B IE Bha 5 1 Al

15 2l KBl 55 7ty 4 % 0T 5800 21 48 s 46 T b e i
Ly Je s 1 St 7t A A shal v BE 2 T X BL A
PN G IR GESE 3 IRE el 5 IR X = SR L i 2
BT S5 46 35 B 7 T 386 A K Bli (Pangea ) B 2 (D
B IR 4 —A0 1% — B & —db 28 08 F oty AR AR A AR
Ll B R 25 ), ROk v e s s g 7 A AR R
Ji i, 1 Sl A LA R PRI A S s SRR
L LAl AR TR 30RO 3 1L I
ST o — > HLfgi]

(3) & R A Z A

g G A IR & 2 N A id 1
JEaE i oy s, AR S T IR OIS TR S Y i
L, 8l il S ) 3 1 K i AP L) TR 3 T

HAL ST A AR I i il 28— ity / o Al 48 A %
B AR R P Ll B LA 0 A R A DA
Tl 4 328 By 2 BT 3t B0 R TR Y R X 1 5 | of
IR g G 2
62 RPHARMBPAERFHYPESEETREAR

/B R I AR

20 tHh4g 80 AFEARLIK i A AR Be il TR
B AR 7 K Bli TR o 4 FH %) R S — 65 s e A% T
AT 44 T BT A BROEE R AR A g AR
ARG 1T, AR, AR o gk A i Ve By SEdE
G —B[ IR 4 JHL S — A5 BT R 4 B 24 P 010 1 1) B
A AR R e AR T 0 IR A vk i L ) e B
AW AR BN T A WA S B A AR S TR AR R
AR 38 2 5 R v AR A A I
Pl , B 70 A 5T v [ KBty 4 v sl i LA v AT BB AR AE
— Z VAR R 4 — AR | AR AE 5 2 1A — K B — 5
K25 4000 km P8 Y &5 e /8 R R A8 oy DA S
AR = B L W) /R e R AR SRE I, —
At Ll rf & B 1 R RIS (%) R 22 0 1Y) i R /R
JEAR A A oA At B — 0 =) X A A i R —
R AR T (AR SR T R A A
U, O MR R = S Al s AR i 2
fii 56 A e RIF 5 B4 T 1 VR e A AR s R
P BT R AT BE 5 T 5 Bt 7 8 RARE A DG
— AN A T A R L ) A I A A R A A
FH L B W A0 b (7 /il )/ P R WL 38 S e MfEAS: | T
el Je i I 2 A L s B R

ER,
63 MAEL EA-MNEEFRELTHRE
uﬁgggu

Hh e S L B R B W RS A B TSR R A A
AT bR A AR LUK B il N 3 LV 7S SR
MEGEINHEEARL D, —FKEINHENLET 442
SRR B 25 IF R LW T R A e AL | 1 LR
AR DL v A A LR R e L B
DR T B 1) ki AR 2 M T [ 48, W e s 1l g
AR A e G A S A R BROCR | BURE
LT s A g L L A AR A AT R [l 2 L &
AR T TR ) T ) 46 T34 i 5 ) % 8t ) o AR
X — o H E R B () B b e i L R R
AR JRCA AT N 100 km TRAL BT IR B b R IE 1 BE 2
Jei T A2 S ) L 1 T ey Ak 2



ERYESE B

W24 S A TS LA RN b [ b e 3 13 A R ] 7

DAL 7 BT R RIS 2O b s i s ) 38
D5 50 ) Z2 e LD 2 A Y B e s LR Y
AN S TR L B BRI L 2T Y B B AT T 3
ENNANEIE S I R E RS SR lIK R & £
HAME 2% TRk i = 20 i & i i, SR
TE TR s Ll BT I S8 S 2R e R I
Xt r SR L A T L R R o A AR B R 2R AR
A3 L 0 ) 25 A2 T LB AT — T RE A
P S R AR rp A AR A L [l ) R A 2
s e BTy Rt A AR A AR AR A I e
et oy i A JB A N ) (2R P4 ) A 1] (R I ) 14 70 A 6L
HERSE ISR i L BRI s A L
PRI B B LR R LI HLRRAT 4 2 3545 I LEHE BT
Hh g3 L T T I ) B AR TR AL

PARRE 8 f 5 o 5, DU e b i 1l 19 52
g g R K s ey AR, DL e il i 5l
A AR R AR AR A3 L (] Y Rl BRI SR R 4 i
WS R RIS R 2k, LA I g e — i g 28 oy
A 25 SE &R T AR FIRE S / Bt 7 1 TRART o 5 3k
1A ALH B M DDA G AR A BT A |
2o v 3 LA BEA () 39 G B b 5T AR B4 A ) 4
AR P S 55 R LAl BRI st & LR
HUEA UL =3 g R S Al E DI . S )
SRR A AT B TSR S8 I L, O R A i
55 ORIl 48 A= RS BT LA S A ik e v O b A 3 £
SRR IR B TR, O R B T L AN [
WY ANTRIZE T 1 < Ja 47 7 B RURI ) 5 2 b F) RE IR
PRI 30 B BB B2 KIS 5 8 121 5
7 PRl S T LB SRR Y

SRR} ]

KRR 2 — . Fp e i L o A —
RS RN AR — =B LSRR E &

A i Al BEA A AR ZR A i S e R A i 1L Bl
J1A R FEA P SR B L B AL AR S —
AN BRI TR AL R T AR LR KW 3 23
A TE T B E IR A =) Wb A T S By
Bt A% 24 e 52 5 i Ll 3 1 2 i TS B B
BeE msh AL A SN 2, P e B LA A S A A
20 2 BRI T AUy A AR A% ZE A o
ER—=FAWERRNE S, AR R Pl
AR Rt B/ B STCREAR LA S ity A — =B

BER Bl A B TR B R 35 A% R A AR R 22 5%,
e L AR T A — Rl AR S e A — =
B 20 (ARG 15 A% R0 ol R AT A 65 1Ll A ALl e o,
TZ B AER 28 EAS R R PRE R R AR 1Y)
IR T RARTHI A EAERME G CR,

M AR AR LR bt s Y Bl 9 2 LDV A2
S0 RV T A 3 SR T e B 0T A 3 4 % 7 g v i T
UEZIE | H U LT R |V 28 S R B R I AR R S
B IE S Al il A A% R L B
e LT 2R Bt 0 o 1 R R M A 5 A S K
TG SRS, I PG s A R A A Dk S I Az 3 7
o D R T 1 s BRI I 433 R 45 A B TR
BUAIAR AL | A SR o A — Rl A AR A
R— =B N AR R A 25 18 B R
S 1L B OCAR R B A ()

KEERF A2 =, W — i e AR AR
FH BB 25 5 R 572 /Bl 72 DR IR — 3 HLAR

Hh o [ TR R — A e A B A T 300 v AR
A& T e i 1 RS R ) — %, bR il
Ll BT B 22 05 T M BV 3R 01 SR 5 / ki 76 DR AR
M2 100 km BA A g R A 14 7 YOI WL b BT <R
1 6 R Ik R AR i FH DA B Mk ) 7 iR 3 B ] N
SREETTRE T T Z M WESE 6 T e i i M s
LR [a) A

AL T P Ay A A e e — 8 e AR oty 5 46
TARFBAY =B 40 ey e — ey 28 JO S A7 B 1) R 2 ] L
HIfH: , B A A RIS B OCR PR Ie 1 Ll 2
T FFAE (o He— A e /A8 s S HC 1) 2R 1] 7 F) A A

T A AR R e — R R R ST TR AR v — il e TR
W i 45 ) sl 2 B OB I A BE ;. — & 28 ot
RARE R o Dy 0 75 5, R R AR T A TR AR o
TR IR | AR KBl T 5 S b 25 R il 2
K,

AT 7E /i 7 IRF v 281 i i A 45 R ARF b 49 o BT
R PESE/ KR T4 DT i ) BEAL 2R AR
DL AR S N7 R 0y B 5 M 2 A R RS bl B AR

KEERL 2 =, b e Ll R T — 1 B i
BN E Y R,

FE AR AL T SR SR 11 9 B s B B, — AR
T 1L HE I &5 G R DL Ll TR A A R T — 2
# . AR A LLE B LA ) 5 AT R AR A
HMFR R HRIESE A, B R AR a5



8 h [

i 5t

2010 4F

WA B T b b BB W B S A, SRR AR M
R [B] B[R] 25 64T T Nie et al MUBFSE A K500
5 e — A e R A ) R i 5 0T R R
ST TR B ik 0y ) BT i R RIS 10~15
km, MR 200000 km? ) = & 22 A8 —H & B
ATAHY E b A — P A R R L
e s 6 A ORI 17, AELIHG U i O A4S 2R 1
WUE, BT b 5 3R 19 B i 2 Ak & — A
oA, rp s LA R SR oA )Tz B R
A AR i A R AL T 2 o g L L Y i
S, PR A 18 1LY P—T—¢ Bl e $RARAR 2 BiF 5 il
JE SR 2 b B DURUA 25 A 27 02 HERfb =40
AEARZEI I, 48 7R KOS Y 1l 76 340 ol K LT AR ) 7
S P e i Ly 3 LU Bl ) 2 S A DG B AR A [P R

KRRz, e hdfRSE 58l
B

ERBEEN, AIRZE 61 LW D TR
TGPy s B LA A B B 2 &R
RotP e Al 2 T Rt A AR A RS e B B
MIDFEFIRERE , =B 20 m b b R R Y R 5 R A
nZE SRS ERGIYE 31015 S a bl
S0 Z kAR EL I R — R e R A 1 W AR B A
ARG S0 e i 1T ST Y S R R R
D oh Ve R — R i R AR S A DR T R 5 b
Fe . AR AREE A R AN A A T A B i P 1
bR G A LA I i S R A B A Y A R

R A2 Hp e 1A 2 28 D7 A e Y Y 3 B
PEARTRI A 38 AR R AN BB R 2 T
MU LR m) R 3k B Fe A58 5 A 1 sl 4 R
2HbR, BTE A SRR s R A L AL
g3 KA,

rhe s Ll RSB R L E R AT DR TR
AR5 B A R — i 43 s 1L — ol — o 6l 95 335 1L — il
DA L 1 A a4 4l i A7 ) 2 L BR R o 2
T8 LR 0 R R A 3 AR I AR BT AR | A SRS B R
AR LI AL SR ALY R AR R T DA 4
=Yk zS [ P T A GRZU AR TR Z o AL 3E Sl
S R Bl i % AE PN 1 b 52 /2 A Bl B g L AR 2
SER AL S Rl G L AR SR A TR B ok
T LU PR 5 e e — e AR T AT R AR AR
RUAKH KT, VI b2 A0 Lt A AR o it 1 £
SRS KRB RAAAE BRI, g S A e 240

IR XA = B 20 WA 3 LD T R AT
IR R RS RN E S &
L AR B Sh PR 5 i LR AR, A i
i3 A TR AR R AL S A A LKA B Y
Py AL A A A BRI TS, R A P e i L RN
YA LA R A s i I 2 25 5%
B 7R A T AR A LA R AR e
SR MU L K v e i Ly R T — R B A X
YBOHER A 285 DT FE LA b T AR e - B
2 P T RE %R S b R ) B S RO O3 A R AE AR
7C /v A0 VB Ui 78 2 AR N b e — b b b R ) B2
R S L A WAL, R L 3 — 2 i R 0
PSRRI, 4875 52 4 1 I L ARkl s & 5 i
EI P it
AN L A R TR i R AT U R
PSR G T b e g 4
T2 NER LA E R G R R EEXE (W
Bk HYEE BH B SF) UL R R I R S A
M v ] O P i BT R A I B B M, R AEAR
DA B0 Bl A 3 LU L R B T Rl B R T — FR A i
LRI U URE RTS8 U VN 2 T
o VU1 R B A 5 A F s R F 2
1, O b e i L 1L S g S AT SR AR X 4
JE A7 5 U K BE IR BT IR JCHL A AR A 1 5 T R
WA i M Bl ) 2 MU 75 T ARRT B S S O A
B TR BT BB AT SRR AL T EE S
L, EF I e Ll e Bk
H 5T G T LU B e BRAR B BF AN SR 2 —
Bt IR 102 2R IR Bh iR SO SE AL,
eI 27 I

S % 3Lk (References) :

(] 25 %, B2%, BRI 5. BT A5 M), L5 0 R
At 1992:1-217.
Jiang Chunfa, Yang Jingsui, Feng Bingui, et al. Opening Closing
Tectonics of Kunlun Mountains [M]. Beijing: Geological Publishing
House, 1992:1-217(in Chinese).

2] EH%, T5R, FRE 5. ek LA mE (M. L5
JiH L, 20001154,
Jiang Chunfa, Wang Zonggqi, Li Jinyi, et al. Opening Closing
Tectonics of Central Orogenic Belt [M]. Beijing: Geological
Publishing House, 2000:154(in Chinese).

(3] 070, BRI B s 1. A0 3 Lt 50 1 P b 3 5 L),
A4k, 1978, 54 (1):287-295.



ERYESE B

W24 S A TS LA RN b [ b e 3 13 A R ] 9

Xiao Xuchang, Chen Guoming, Zhu Zhizhi. Geological tectonic
implications of ophiolite in Qilian Mountains [J]. Acta Geologica
Sinica, 1978, 54 (1):287—295(in Chinese with English abstract).
VFEE, f—1E, WK, &5, KRB G M I—2TE |
WAL TR E T35 (M. bt SR RE A= Y Rk, 1988 :137—-149.

Xu Zhiqin, Lu Yilun, Tang Yaoqing, et al. Formation of the

=

Composite Eastern Qinglin Chains [M]. Beijing: Environmental
Science Press, 1988:137—149(in Chinese).

I, BAHE, ATA R A ARE I R A KOs (M) 5K
DU P RO o R, 1991,

Xia Linqgi, Xia Zuchun, Ren Youxiang, et al. Marine Facies

Volcanic Rocks in the Qilian and Qinling Mountains [M]. Wuhan:

=

China University of Geosciences Press, 1991 (in Chinese).
dREAS, AT, =N, L RIS LAY 5 KEZ % (M), b
AL BRI A, 2001,1-805.

=

Zhang Guowei, Zhang Benren, Yuan Xuecheng, et al. Qinling
Orogenic Belt and Continental Dynamics|M]. Beijing:Science Press,
2001:1-805(in Chinese).

SRAA, KR, RE P, A AR R AR DX T M BR AL 2 43 DX R
T AL B KAy 3 2 X)), T EEE D ), 1996, 26:201-208.
Zhang Benren, Zhang Hongfei, Zhao Zhidan, et al. Geochemistry

=

division of crust and mantle in the East Qinling and adjacent region
[J]. Science in China (Series D), 1996, 26:201—208(in Chinese).
FRAA FR e b R U5 I B B 25 ). b AT
2001, 8(3):57—66.

[8

Zhang Benren. Magmatic activities from plume —source in the
Qinling orogenic belt and its dynamic significance [J]. Earth Science
Frontiers, 2001, 8(3):57—66(in Chinese with English abstract).
(9] 2, A, BESCHS, 5. RIS M R AR I (1], HuRk
PR, 1994, 37.749-758.
Yuan Xuecheng, Xu Mingcai, Tang Wenbang, et al. Eastern
Qinling seismic reflection profiling [J]. Chinese Journal of
Geophysics, 1994, 37: 749—758(in Chinese with English abstract).
[10] B ELIR, B AR, & L0l 24 S Al i B BE FBT 5E 05—
ZRUA 3k LA FIBT M. DL v S R A A, 1991:1-191.
Yang Weiran, Yang Sennan. Current Theory and Study Method

on Structure and Evolution of Orogen: Example from East
Qinling orogen [M]. China University of Geosciences Press, 1991
1-191(in Chinese).

[11] Wilson J T. A new class of faults and their bearing on continental
drift[]]. Nature, 1965, 207 :343.

[12] Wilson J T. Convection and continental drift in the southwest
Pacific[]]. Tectonophisics, 1966, 3:69.

[13] Mattauer, M. La formation des chaines de montagnes. Science
edition francaise de scientific american N, 1981,46 :40—56.

[14] Pubellier M, Ego F, Chamot—Rooke C, et al. The building of
pericratonic mountain ranges: structural and kinematic constraints
applied to GIS —based reconstructions of SE Asia [J]. Bull. Soc.
Geol. Fr., 2003, 174:561—584.

[15] Dewey J F. Orogeny can be very short [J]. Proceeding of the

National Academy of Sciences, 2005, 102:15286—15293.

[16] Matte P. Accertionary history and crustal evolution of the Variscan
belt in western Europe[J]. Tectonophysics, 1991, 196:309—337.

[7] WSS, sk, RRAE, 5 5 DhE bR r 2 k-l R U
AR IO SR ). A 223, 2005, 21(1):1-12.
Xu Zhiqin, Yang Jingsui, Liang Fenghua, et al. Pan—African and
Early Paleozoic orogenic events in the Himalaya terrane: inference
from SHRIMP U—Pb zircon ages[J]. Acta Petrologica Sinica, 2005,
21(1): 1—12(in Chinese with English abstract).

[18

Dewey ] F, Strachan R A. Changing Silurian ~ Devonian relative
plate motion in the Caledonides: sinistral transpression to sinistral
transtension [J]. Journal of the Geological Society, London, 2003,
160: 219-229.

[19] Day H W, Bickford M E. Tectonic setting of the Jurassic smartville
and slate creek complexes, northern Sierra Nevada, California [J].
Bull. Geol. Soc. Am., 2004, 116:1515—1528.

[20] Aitchison J C, Clarke G L, Meffre S, et al. Eocene arc—continent

collision in New —Caledonia and implications for regional
Southwest Pacific tectonic evolution [J]. Geology, 1995, 23:161—
164.

[21] Burchfiel B C, Cowan D S, Davis G A. Tectonic overview of the
Cordilleran orogen in the western United States [C]// Burchfiel B
C, Lipman P W, Zoback M L (eds.). The Cordilleran Orogen:
Conterminous U.S.: Boulder, Colorado, Geological Society of
America, The Geology of North America, 1992, G=3:407 ~ 479.

[22] Hyndman R D, Currie C A, Mazzotti S P. Subduction zone
backarcs, mobile belts, and orogenic heat. GSA Today, 2005, 15
©): 10:1130/1052-5173.

[23] Chopin C. Ultrahigh —pressure metamorphism: tracing continental
crust into the mantle [J]. Earth and Planetary Science Letters, 2003,
212:1-14.

[24] Liou J G, Hacker B R, Zhang R Y. Into the forbidden zone|J].
Science, 2000, 287:1215—1216.

[25] B IRT, FR L, Jean B. AR AL P b A AR 3 AL A5 8

JEZAZ BUE TR ALE )], M BTIRTF, 2001, 47(6):568—576.
Yang Zhenyu, Dong Shuwen, Jean B. Mesozoic tectonic evolution
of the north and south China blocks and exhumation mechanism of
the ultra—high pressure metamorphic rocks [J]. Geilogical Review,
2001, 47(6) :568—576(in Chinese with English abstract).

[26] Bird P. Lateral extrusion of lower crust from under high topography,
in the isostatic limit [J]. Journal of Geophysical Research, 1991, 6:
10275—-10286.

[27] Molnar P, Lyon—Caen H. Some simple physical aspects of the
support, structure, and evolution of mountain belts [C]//Clark,
Sydney P Jr, et al (eds.). Processes in continental lithospheric
deformation. Geological Society of America Special Paper, 1988,
218:179-207.

[28] Platt J P, Vissers R L M. Extensional collapse of thickened
continental lithosphere: A working hypothesis for the Alboran Sea
and Gibraltar Arc[J]. Geology, 1989, 17:540—543.



10 h [

Hi J 2010 4F

[29] Pysklywec R N, Beaumont C. Intraplate tectonics: feedback
between radioactive thermal weakening and crustal deformation
driven by mantle lithosphere instabilities [J]. Earth and Planetary
Science Letters, 2004, 221;275—292.

(30] XV EL, % F1 L, B 4oty % WK 4 Ly P4 B 20 0 B 2 T I B

S BEEEIEAR, 1996, 41(14):1485—1488.

Liu Liang, Che Zicheng, Luo Jinhai, et al. Recognition of the

eclogite in west segment of Altun [J]. Chinese Science Bulletin,

1996, 41(14):1485—1488(in Chinese).

KR, FhEE, 45 A AR, 4. B /R 4 BUBE 5 K (>3.8GPa) £1 18 — %

HOE )], B3R, 2002, 47 (9):657-662.

[31

Liu Liang, Sun Yong, Che Zicheng, et al. Ultrahigh pressure (>
3.8GPa) garnet lherzolite iscovered in Altun [J]. Chinese Science
Bulletin, 2002, 47 (9):657—662(in Chinese).
[32] sk, Rk, Vrilar, A5 Sedvge ity A A T — B i 1k 28 i
% I TY R E HET) —A A1 8 (). b B R, 2001, 75(2):
175—179.
Yang Jingsui, Song Shuguang, Xu Zhiqin, et al. Discovery of Coesite
in the North Qaidam Early Paleozoic Ultrahigh —high Pressure
(UHP—HP) Metamorphic Belt, NW China[J]. Acta Geologica Sinica,
2001, 75(2):175—=179(in Chinese with English abstract).
e s, VP, 2RI, AR St gk KR 5 1 e B O TR
HY b BT BE SL ). BREIE AR, 1998, 43(14):1544—1549.
Yang Jingsui, Xu Zhiqin, Li Haibing, et al. Eclogite discovered in

[33

North Qaidam mountain and its geological significance[J]. Chinese
Science Bulletin, 1998, 43(14):1544—1549(in Chinese).

[34] 2%, VFaREE, RIS, A T AR 22 b DR 25 14 & 9 oxt

o ] e st 3 L e s — PR R B AT R L (). BB R,
2000,74 (2):156—168.
Yang Jingsui, Xu Zhiqin, Song Shuguang, et al. Discovery of
eclogite in Dulan, Qinghai Province and its significance for
studying the HP —UHP metamorphic belt along the central
orogenic belt of China [J]. Acta Geologica Sinica, 2000, 74 (2):
156—168(in Chinese with English abstract).

[35] BREH, TREFEI, VFRREE, A IR & 40 1 A PG BEROME A 1 Sm—
Nd B U—Pb 4F i — Bl 7% G ol HUZAR WA A7 A6 A BB )], F)27
i 4,1999, 44(10):1109—1112.

Zhang Jianxin, Zhang Zeming, Xu Zhiqin, et al. Sm—Nd and U—
Pb ages of the eclogite in west part of the Altun orogenic belt—
Evidence of mountain root of Caledonian period [J]. Chinese
Science Bulletin, 1999, 44(10):1109—1112(in Chinese).

SRAHT, o B, AR SR IKOR F b b 2 R S HL AN kL AR
AR T A B O L B BT R S [7). HUBTIE AR, 2002, 21(3):
123-129.

[36

Zhang Jianxin, Meng Fancong, Qi Xuexiang. Comparison of
garnet zoning between eclogites in Da Qaidam and Xitieshan on
the northern margin of the Qaidam basin[J]]. Geological Bulletin of
China, 2002, 21(3): 123—129(in Chinese with English abstract).

[37] e gz, VFAEE, ih, 4. BIS LN O MR E IR E

TR g VT A8 S A T 0 % oy A AR H A A7 ST eV T ) 3R
). M=, 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
abstract).

[38] AT, Mk, A, 55, SIEARACGOR AL B i B

K LA ()] HUBTER, 2004, 78(1) :52—64.
Shi Rendeng, Yang Jingsui, Wu Cailai, et al. Island arc volcanic
rocks in the North Qaidam UHP metamorphic belt [J]. Acta
Geologica Sinica, 2004, 78 (1):52—64 (in Chinese with English
abstract).

[39] Yang Jingsui, Wu Cailai, Zhang Jianxin, et al. Protolith of eclogites in
the north Qaidam and Altun UHP terrane, NW China:Earlier
oceanic crust? [J]. Journal of Asian Earth Sciences, 2006, 28:185—204.

[40] Kimbrough D L, Smith D P, Mahoney ] B, et al. Forearc basin
sedimentary response to rapid Late Cretaceous batholith
emplacement in the Peninsular Ranges of southern and Baja
California[]]. Geology, 2001, 29:491-494.

[41] Nie S'Y, Yin A, Rowley D B, et al. Exhumation of the Dabie

Shan ultra—high —pressure rocks and accumulation of the Songpan

- Ganzi flysch sequence,central China [J]. Geology, 1994, 22(11):
999-1002[DOI].



%37 % %1 W24 S A TS LA RN b [ b e 3 13 A R ] 11

Compound orogeny and scientific problems concerning the Central Orogenic
Belt of China

YANG Jing—sui', XU Zhi—gin', MA Chang—gian’, WU Cai—lai', ZHANG Jian—xin',
WANG Zhong—qgi’, WANG Guo—can’, ZHANG Hong—fei’, DONG Yun—peng*,LAI Shao—cong*

(1. Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China;2. China University of Geosciences, Wuhan 430074,
Hubei, China;3. Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing 100037, China;

4. Northwest University,Xi’ an 710000, Shaanxi, China)
Abstract; Orogenic belts widely distributed in the Earth have recorded the history of plate convergence and
orogenic processes during the collision. Many of these belts are long—lived (>300 Ma) compound belts, which are
more than 1000 km wide with a pre—orogenic thermal structure that provides evidence for continental growth.
In the past decade, research has begun to focus on the long—term dynamics of such belts as well as their tectonic
features and processes. A number of critical problems remain existent, which include the origins of the long—
term activities, the mechanism of continental accretion, and the rheological and thermal structure of such orogens.
The Central Orogenic Belt of China (COB) is a huge compound orogen, which extends more than 5000 km
across central China and marks the boundary between the North China Block and the South China Block. The
COB has been active for ~600 Ma, and during this time it underwent two major collisions, one in the Devonian
and the other in the Triassic. In addition, the region has become tectonically active since the Cretaceous. The
COB differs from other compound orogens in having a very complex structure, multiple long—term orogenic
events, convergence of orogens and accretion of continents. The recent discovery of a large high— and ultrahigh—
pressure metamorphic belt (HP—UHP) in the orogen and the recognition of two HP—UHP metamorphic events
indicate the subduction of both oceanic and continental crust to the depth greater than 100 km. Thus, the COB
is as important in the tectonic evolution of Asia as the Qinghai—Tibetan Plateau.

Some of the critical unanswered questions regarding the COB include the nature of the continental
convergence, collision and orogeny in the Devonian and Triassic and the formation of intracontinental
sedimentary basins during the Mesozoic and Cenozoic. Also unclear are the temporal and spatial relationships of
the HP—UHP metamorphic belts and the conditions under which deep subduction and exhumation of oceanic/
continental crust took place. Likewise, the processes responsible for the long—term tectonic activity, the multiple
and overlapping orogenies, and the thermal structure of the region are unclear. In addition, little is known about
the genesis of the mineral deposits in the region and the oil and gas potential of adjacent Mesozoic and Cenozoic
basins.

Key words: central orogenic belt;compound orogeny; orogenic dynamics
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