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Fig. I Geological Map of the North Qaidam—Altun eclogite belt in the northern Tibet
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JB)ZM R ARTTBE R (K1) o 910~940 Ma
TE R R AE B A (B8 R RS ) T iz
TARE Mz (4, 1999; Wan et al,
2001; Xu et al, 2007 ) , S5SedbS8 5 B4R Far A
A6 7 IR AR — 2 (BEAAAE, 2002) .
Sk AR R — AR ATTR A . SR A
(2003 ) 18 Hi e g 355 4 7K TR JoR R JRR A B 4k
A G S A SHRIMPAE I F24E R 7E1 600~1 800
Maya I, FRA A Sk R b B () A FE R 0 SIS

Y7 hnd A W R RS . BRE

EFAEE (2006 )

HGE T RAZIGIK R AL b A AR i 5904 Ma,
5 AR A O AE B R AR IR A ]

2 R T RO AA B8 e S
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R 22 e TR AR 2 S O 1Sk g (AR
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R SR SR, AR AE b 50 IR i 8
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) B sl o S A ™ F B B0 SRR B IR T
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KIE800 m, P LA 35 o 41 48 41 86 it 41 = B

L T EE AR RIAR AR CRIBE,
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1 AR A

At B S AL 5 . Grt + Omp +
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MO RSO PR AT RS . BRAT + Aok
(FE3) BRI, #2208 Jot 2 AR AL
THROJEREER, ML 1R A R
o RESIMRE £ e PURAT AR R EE AR AL ik
i, AEasE B ARBHSAINE

AR e — B TR DR A S s, AR R A
Yy Z 18] 0 S W 4t AE AT LR I S 3 32 A8 o iy
Be. (1) WM AR BBy, Ha Y3tk
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Fig. 2 Geological map of Dulan UHP metamorphic terrane
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(a) F1 (b) N&Ea MR A g (EZRL) ;

2004m

(e) A (d) Ratammraseig (RECht)

K3 AR b A S (Omp) AR (Grt) HPRTASEMREE (Songetal, 2003)

Fig. 3 Photomicrographs of coesite pseudomorphs in garnet and omphacite in eclogite from the North Dulan belt
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%, BEEMA (Pyr) MIERSECH10%~27%,
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Coleman ( 1965 ) A8 W55 2L fif v 3= 24040
TBEMEAX (F4A)

32 BEfHER
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Fig. 4 Diagrams showing compositional variation of garnet (a)

and clinopyroxene (b and ¢) from Dulan UHP terrane
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WEAT I SIOAF RS iy (lamellae ) & 5CHIJCE
EIEERARE A (non-stoichiometric supersilicic
clinopyroxene ) HVEH) Y], HFEFRRDEA Z Smith
and Cheeney (1980) 7 X[, HBA-FER (Si
+Ti) > (Ca+Mg+Fe™ +Mn+Ni-2Na) , J&#i 5
JEFAE T RE B i ESif)— A . Katayama et
al, (2000) 7EfF 7T Kokchetav #8155 A4 o R %
A B NI AR R B RRE 55 A1 A Na-Ca. TERR)
JEEAT LA BB A o R Tt B R A PR 20 P R B
B AT T PR AR OR 52 5 AR A A R W) ) o R A
Hh & A AR 5 ) Ca-Eskola %762 43 (Ca, sA1Si,05 )
T EAA K 0 3 Al B 2 BT RS A7 (1) Ca-
Eskola 3G WARME,  PIHGA SO ff 2
JETE ) BRI AT Ca-Eskola 35 G2H /076 1B AL 728 it
UKLl N DT 7/ S L f A W R

2Ca, sAlSi,0, — CaAl,SiO4 + 3 SiO,

BET S 5 RN 20 e 2 o b A4 Y
FAR HARAS A9 Jr SR TE RS HE A 1 Na-Ca 5T 540
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Omp—55H5A1 s Otz—fFr 38 (T B ELfDE )

K5 #RZAbii a2t (Omp ) shAase (Quz) HEH &

Fig. 5 Orientated quartz exsolution lamellae in eclogitic omphacite from the North Dulan belt
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FIBE IR MBI B IEAE (< 20% ) , FH5RHAAT (An
I EE IR A3 B 25% )« T A A TN A S 2
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., REWEA DR,
33 ZHEA=E

A 2 i R AR S AR (R AR A 2 ik A = B
P RARMIL, AT RSN T 1%, #8=
JCH NG A 20 1 = B P DA 32 0 b 5 4R M
ARG S el ] LRI ) B0k B
TEAMAMEEAZY, TEAfarhal il 26t
I 25 B AT ZE A2 AR ) AT 43 A T A e

ZHE A =B SI0 R R BB FE49 % ~53%,
FREAQ M (pofu.) SiJET4CN3.28~3.53,
34 XRBAH/BEFEARERSHE

S A/ B A A R LU E A TR IR
JESER Z I, JE M A Pl s ),
BT 2 S A s HUR A BT 1 BT e R R
I RT . R AU S SR B, JF HA R
A7 SR TR AR DL 40 o [ e R AR I A R A
GOIEFEASESA. BA . A, ABa%
A, FERMA R A5 RIS R
(Zhang et al, 1995) , UiBHLEM & R4 T 4445
/BT A RREN,

WA, WA AT A 5 A — S A
HELFARAa 0TS, SMINA%ET g, mig
WA ST 2 Je AR AR A A S A A . A R
A EHA RN KR, EUNE AT e
WA B b A 0 JEL PR J S 0 o s A K 43
SEUABN T Ao A W i AR R (R EATE A7 A
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(A) #2 B S AL . B (Omp) + £ (Grt) + S20100 (Ry) + ZREA = (Phn); (B BB A0S AR
1 A () PSR (Omp) A AR W5 S A1 (Ky) i, JLIEJ5R F AN SR AT (Cpx) + J5AE A (Sep) + RHE A (P) + A A
(CryAlB (C) MENRANEA Cpx" + PIALA: (D) J7H A (Sep) 5 BABEA (Cpx™) FAR A (Grodes:

(A) Peak assemblage Grt+Omp+Phn+Rt of the SDB eclogite sample 9Y80. (B) High Jd-containing omphacite inclusions in kyanite;

low Jd-containing clinopyroxene (Cpx™) coexists with scapolite, SDB granulite. (C) Cpx" + Pl in the SDB granulitized eclogite. (D)

Scapolite coexisting with garnet and clinopyroxene (Cpx") in granulitized eclogite in the SDB eclogite

P62 i R e B LR AR i A (B S A R
Fig. 6 Microphotographs of mineral textures of the SDB eclogite
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Si0,. MgOFIP,0H] BFEAL, FeO'H I,
ALOFEIREE K, MCaOMZEfL A . XA
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o FE AR R (Al S Rn A WA AR e Y TRl ) 4%
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TEAAW) G o DT HY ARV 5 1 235 4 A ) ) A TG
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HOWA . S0 MBI AE A S R ITR
A e RE b, A SR A AR A SO T B
FHCA . MO MB Tk bE, O R 5k i

BT RAaZH.
3.6 FHEA

T A R EH R RRORL S A S B, IR
HB 2 P RORL S A O R s b, R0
HIE—F A ORL S b A (Cpx') FIRH A
St ([E6D ) o REIG TR W5 AT 2 S Y
Ab-An-CaSO,CaCO, /K&, {HCaSO, 5 CaCO, Ay
AT, HX,y, [=Ca/(Na+ Ca+K)] KL
7 (0.63~0.66) o SEFR B 5 A7 N BB 2
125 ( Goldsmith and Newton, 1977; Baker and
Newton, 1994) ; J {Z I T HUSTRRAL S | 1
Ly o T RRORL 5 R 410 R 1 RRORL 5 4 v
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( Dawson, 1971; Goldsmith, 1976 ) . Lovering
and White (1964, 1969 ) TAK & i i 5 H A7 2R
R AR AR EYET ), T Goldsmith and Newton

(1977) i B & & iR Ir o 5 &k
I AESES S

4 AR SR AR AL

4.1 BM=IHERBESREZFEMTREL

bR A I B G (1)
Grt + Omp + Phe + Rut £ Coe, (2) Grt+ Omp +
Ep + Arg. p-TfE8EIETF Krogh-Ravna (2000 ) f1
WA SR Fe™ -MgaZ il £ 31 fllRavna and Terry

(2004 ) Grt-Omp-Phn-Ky & f3it, JHESRAH 210
R S W 3% Bl 2 Y PRl 631 ~ 687°C, B )
HN2.87 ~3.17 GPa, NFHIASHIRUERZ .

BT AT R A8 4 WY R AE A R FE JE b 32 ) s
BB B el , R BT RO A A — S
JE 78 bR a5 M WA A7 5 | S0 LA R ik B R
A1 EETE DB A R AR AR E , A RIS
O3 LS Ry 22 A SERN T A A, T A B R A
HS10, 4 Az I TR RGP THEST RO AR FIMRAR Hh i
Hfto GRIEATEALCpx + AbFITHDI + AbJF A f X
Wi, SR I ACERIE R AL SN -

M — M + AR (AbRYEER 73
$>75% )

LEMEAT + H,0 — FANAT + KA

Omp + Grt + H,O — Amp + PI

FI SR 4 ) Cpx + Ab Je A& i /R T 208
ATE T BT AR R A . 8
MR 25 ZH 4 Hbl + Pl + Qtz + Bi + Tin 521 B3 #%
EHE T RINERBIE AR BT, AR B R AR EL
“A600°CH1 < 1.0 GPa.

22 AU R S b Rk A+ il AR
W2 T i se kiR (<300°C) Ry el

(Song et al, 2003a) . #B %A RIS BIp—THLL
LI
42 HEEHEESNREZFEMETREL
4.2.1 SEIMMGHE L B

HORTEW P B WA 3, (HA A e
AGUE BH i iy AR S U 0 28 o % P R T A S 7Y
FasEil . RHiKrogh-Ravna and Terry (2004 ) FHif

FEIHHER, B AR e A G A A o i
2.86 ~3.26 GPa, T=729 ~768%C,
422 kBB ERK

JRRAL S AH 19 A8 5T By B ARG A . IR K 4
OYHIBREDELT (Cpx™) LA SO 0 HEAT WAL,
SEIFIAEEA AT (3CaALSi,0f « CaCOy) — ik HAE
FaE T875°CLA L, & B BRAR AY 7 A A AR i
BEME ST E (Goldsmith and Newton, 1977 ) ,
HBEAE R IR A AL A bR S TED WA ( Lovering
and White, 1964, 1969 ) .

F A A AR AT Fe™ -Mg S b Jo iR
FETE, FRAFIRRLE R s B B9 28 i #£2.0 GPa
B} 4353 874 ~ 947°C. ( Krogh-Ravna, 2000 ) #l
882 ~948°C (Powell, 1985) , @& FubHAfEAAHH
AR R I IR . A GADS JE /11T ( Newton and
Perkins, 1982; Eckert et al, 1991) , F{#R#E 1l
LW 2Grs + Prp + 3Qtz = 3An + 3Di, FRAGFERLEAH
ARJFET) p = 1.86 ~ 1.98 GPa.

423 AN BARBE RH&

N A AR AR AR B B B i W 4L A S Hbl

+ Ep/Czo + Pl + Bi + Qtz, F|H Graham and Powell
(1984 ) Grt-Hbl {111 Kohn and Spear ( 1990 )
B Gri-Hbl-P1-Qtz H J733k45 A TN 5 AH A2 T i B A

660 ~695°C, JEJ14 0.7 ~0.9 GPa.

5 PR

FIHEC L, #B22 R AR 29700 km K
1) 5 b Gk — 1 B 7K 453 v e 28 Jo it v e — A o
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Fig. 7 p—T paths of the NDB eclogites (A) and the SDB eclogites (B)
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Two Different Metamorphic Paths of Eclogites and Differential
Exhumation of Subducted Continental Crust: A Case Study
of the Dulan UHP Terrane in the North Qaidam UHP Belt

SONG Shu-guang’, NIU Yao-ling?, ZHANG Li-fei'

(1. MOE Key Laboratory of Orogenic Belts and Crustal Evolution, School of Earth and Space Sciences, Peking University,
Beijing 100871, China; 2. Department of Earth Sciences, Durham University, Durham DH1 3LE, UK)

Abstract: The Dulan eclogite-bearing terrane is the only coesite-bearing ultrahigh-pressure (UHP) metamorphic
terrane so far recognized in the 700 km-long North Qaidam—Altun eclogite belt. The key feature of the Dulan terrane is
that it consists of two sub-belts, the north Dulan belt (NDB) and the south Dulan belt (SDB) with different exhumation
processes and histories. Coesite pseudomorphs in garnet and omphacite, together with p—T calculation, suggest that
the peak metamorphic stage of eclogite in both belts is well within the stability field of coesite (p=2.8-3.3 GPa). The
retrograde p—T paths are much different between the north and the south belts. The p—T path of the NDB eclogites
suggests that the NDB eclogites underwent two stages of exhumation, an earlier rapid exhumation from a mantle
depth to a middle crust level with a near-isothermal decompression, and a later uplift to the Earth’s surface. The
SDB eclogites, on the other hand, were strongly overprinted by a high-pressure granulite-facies metamorphism under
conditions of p=1.9~2.0 GPa and T=873~948°C, followed by temperature and pressure decrease to the amphibolite-
facies. The process of temperature increase with decreasing pressure from UHP eclogite to high-pressure granulite
suggests that the SDB eclogites exhumed at low speed and underwent strong thermal relaxation at a level of crusi-
mantle transition or thickened lower crust. This thermal relaxation may occur in most UHP metamorphic terranes and
may be the major mechanism for eclogite anatexis. The different metamorphic evolutional paths of the two sub-belts

signify the differential exhumation histories of the subducted continental crust.

Key words: eclogite; ultrahigh-pressure metamorphism; p—T path; differential exhumation; Dulan; North Qaidam



