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The boundary between UHP and HP metamorphic belts in southwestern
Sulu terrane, eastern China: Evidence from mineral inclusions
in zircons from metamorphic rocks

LIU Fu_lai, XU Zhigin, YANG Jing sui and XUE Huai_min
( Institute of Geology, Chinese Academy of Geological Sciences; Key Laboratory of Continental Dynamics,

Ministry of Land and Resources, Beijing 100037, China)

Abstract: The southwestern Sulu terrane in eastern China is divided into four fault_bounded lithological units,
which are from northwest to southeast orthogneiss unit (Unit [ ), supracrustal rock unit (Unit II), kyanite_
bearing quartzite_marble unit (Unit II) and paragneiss_schist unit (Unit IV). Inclusions of index minerals in
zircon separates of 93 samples from these units were identified by means of laser Raman spectroscopy and elec
tron microprobe analysis. Coesite and coesite_bearing ultrahigh_pressure ( UHP) mineral assemblages occur in
zircon separates of various amphibolite_facies metamorphic rocks within Units I and II, whereas aragonite_ and
phengite bearing high_pressure (HP) mineral assemblages are preserved in zircons within many amphibolite_ to
greenschisi_facies metamorphic rocks in Units [lland IV. All the above evidence together with previous studies
yields p_T estimates of peak metamorphic recrystallization at 723~ 852°C and p 22. 8 x 10’ MPa for UHP
rocks, and at 500~ 600 °C and p= 1.2x 10°~ 2.5 x 10> MPa for HP rocks. The spatial distribution of these

p_T estimates and recent surface mapping result constrain an exact boundary between UHP and HP belts within
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southern Sulu terrane along a ductile shear zones in Donghai region.

Key words: ultrahigh_pressure belt;

AR N, B AR A i R R, R AT
[FIA7 3 A I BEAR ) . G Aok, 7 HE e H AR R A
PRI FEAR, A 30 A A8 e I ) (A7
WRENIAT) IR 2548 (Sobolev et al.
1994; Chopin et al., 1995; Tabata et al., 1998;
Parkinson et al., 1999; Katayama et al.,
E IR R ey B AR ity vh, R e B 3L [ s A
FRRT A R AR ) & IR ( Tabata et al., 1998; Ye et
al., 2000; Liu F et al., 2001, 2002; Liu J et al.
2001) WEH] T - ;L&'lmwﬁ ¥4 J};Tﬁr—
JEAZ TRAER (Wang et al., 1992; Okay et al.,
1992; Zhang et al., 1995; Liou et al., 2000) . X
0, A7 S8 A vhol ey M i J 0 ) 6 AR 78 1 90 18 %

A E[I|II‘:V'T/$-]'_"]:_L T AT el o5 vt i A1 Flr il sy 4
i 4|;| PO AT I VT A < A AN T Z T L, IR

P AN AN ) 80 5 4 s A v b R P e LS A
FEA 4 A sk 4 W e o 658 i T s AR i s 4 2 W) £
WAL MARTFRE . 5Tk, AR LL g 95 8 R K
FLAL DX b 3 HH 38 110 A8 R A T U 4, 1k
WS A bR A VR SR R SR A A R el 28 R
HAERATRE I 2 A ik, SR s i &0 T 8 s Ik
Ain'r‘ﬁi J 22 11 i 5% 5 A 8 DX 3 1 20 A BBE, B )i

450 ol DX R IRT 45 R (VPR R AE, 2003), HERA IR
u-_Ph o Tl R e AT R 8 A 2 TR R Sk

1 M 5

NPTV IR VAR REC 2 | S I E 7R e P LS
U= K AL iy s 8 U Afy A thE S b RS g K 1 oo T
AT e VAR AR, 2 K ) ARG G A R
i, ﬁké’a 2000 km . 755 Ho A i v He A A
WL Zhang et al., 1995), FI{L 95 42 ) 4 b 4E
il AR e X, 4 K2 320 km . LA LU &
TR TENR(YQWF) 3 A A db s fam A i, o
ML LK Wi (JXF) A5 47 50 B AH 46
(K1) .

R A1 27 R 9 2 A BR A 2 u&ﬁ;‘ﬁ?
[l s 5 1] PRI 9 45 L ( VF AR R4, 2003) , 1 I
MG R LABIX 2 3 800 km* 3 [l 4 mxmzﬁzﬁ%iﬁ
M4 ANE R A, AR REK KN IE R BRES
F(L) REREEACT Sl SAOARE KIS

2000) .

high_pressure belt; zircon; mineral inclusion; southwestern Sulu terrane

R CI) AR R Rk a - s s (V)
1) o e T RIS 2805 1 5m B4 A1 TN 5 AR A% i
YR e, i TR IV o 2 P T 4 7 AR AR
JFAE F R 0E .

S 1T Bl N A IR R ALK, A A
P IATVE 2 KB R S R B 2 3 5 A o 4]
Pe. WA, Zam R AFE R ALK AR (B 1) .
awh N EER& R R S AN, BREi R s
TR AR R RS R R
RS A m TR R A . IR BRI AT
FEl Ak s RN EHa st asn kel KE
R A S B B AR R A B . fhiZe ik
DRIER R - AR T2 5 8 A s KA

L= T = RE "y o o b oAl el 3 Ny U S

AT J.IJ.LIHI‘yl“IIZ-—\ J'1—|/4I rTj/lfllL-\ J'I—I}\.)I

FURE ZHEE o BB A KB A . AR IV
FEB AR KA WA KA (AR ERRK
ST ) S BERIT A A S CL D w IR
v % (Zhang et al., 1995; VF&ESE4E, 2003) .

2 FERISE RN T vk

TEF IS 4 N E R ICREE T 93 5, K FF
frE B 1. BT IE R RRE WS WA
FHCAING A5 KA TR A%, RS E S
~ 30 kg . ESCKEFESAEEE I JE DRSS, i ik
VR Bk s A, fEAUH B Rt DRIk 50~
400 Bm JE &R 5E B BS A1 dh AR 100~ 300 i, il Bl
A0t Raman P8 225K 10 A HERE 5 . BT 4 16 00
R TAETE HA R Tk K24 ER 5 47 2 R R A
[ 4 B Y5 Bl 3 ) 2 T s 80 5 ek, D s A
19345 A ' HEAH A v [l b R 27 e 7= 0% JEE 9 T vl
TIREF = SE . AR A b, e AE BT T X
B h o A AR R R oy AR EAT R M EE, R
Jii K HI JASCO NRS_2000 H4HI RENISHAW_1000 %Y
WOt Raman 3% (SO ™ ) AR BEAT REGE% €, 1K H
JSM_5310 241 Mini CL 2 B B A o6 1% A3 Fid 4% 6
W RUBE R B A R B RO ER A W) AR AR R A
H AR AT RGO BRI . d 5 R JE-
OL JXA 8800 4 f - HEEHX( sk L Ji 15 kV, T
W12 nA) X HELETE BN P (AR A BT g



1 0 6 i D T P AR VA 5245 ( 2003) BEHR |
Fig. 1 Tectonic sketch of southwestern Sulu terrane, showing major lithotectonic units and zircon samples
( modified after Xu Zhiqin et al., 2003)
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Fig.2 Plane_polarized light ( PL) images and cathodoluminescence images ( CL) of host zircons and mineral

inclusions in zircons from paragneisses
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a—sample QLI_8 contains Qz inclusion in the core, Coe+ Grt + Omp in the mantle, and Qtz inclusion in the rim: b —CL image of the same zircon as in
Fig. 2a showing core (C), mantle (M) and rim (R) relationship; ¢ —sample QL2 30 contains Q1z inclusion in the core and Coe + Phe in the mantle; d—
CL image of the same zircon as in Fig. 2¢ showing core, mantle and rim relationship; e —sample MBI_18 contains Coe + Jd + Grt + Rt + Ap inclusion
in the core and mantle; { —sample MB1_30 contains Coe + Grt + Jd + Rt in the core, and Qtz + Ab in the rim; g —sample MBI1_55 contains Qtz inclu_

sion in the core, and Coe + Jd + Rt in the mantle; h—CL image of the same zircon as in Fig. 2g showing core, mantle and rim relationship
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Fig.3 Plane_polarized light ( PL) images and cathodoluminescence images ( CL) of host zircons and mineral inclusions
in zircons from kyanite bearing quartzite and diopside_bearing marble
Fi b QL3.26 (BRI A7 Coet Ky+ Riv Ap d@ I 4: b —FEGh QL3_30 M HHERIE IR AF Coet Ky+ Gri+ Omp+ Phe+ Ap #fl
S o —FEdh QL3_38 MBI M B AT Coer Ky+ Grie Omps Phe S I AL d —14 3 P85 A7 b 10 B 45O P £,
Sl o i A R O R S L K 88 2 R B T e —RESY YM L 3 S RAE Coer Di BEHE HE B A0 AR, 3R AT Coe 1044
£ —FEdh YM 17 {847 Coes+ Arg & Ho™ 1044
a—sample QL3 26 contains Coe + Ky + Rt + Ap inclusions in the core and mantle; b —sample QL3_30 contains Coe + Ky + Grt + Omp +
Phe + Ap inclusions in the core and mantle; ¢ —sample QL3_38 contains Coe + Ky + Grt + Omp + Phe inclusions in the core and mantle; d —
CL image of the same zircon as in Fig. 3c showing core (C), mantle (M) and rim ( R) relationship: e —sample YM 1_3 contains Coe + Di inclu_
sions in the core and mantle, and Coe inclusions in the rim; {—sample YM 1_7 contains Coe + Arg in the core and mantle
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Fig. 4  FPlane polarvized lizht ( PL) images and cathodoluminescence images ( CL) of host zircons and mineral

inclusions in zircons from orthogneiss
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a—zircon grain HD1_18 from HD1 sample contains Qtz + Kfs+ Ap in the core, Coe in the mantle, and Qtz in the rim; b —CL image of the same

zircon as in Fig. 4a showing core ( C), mantle (M) and rim ( R) relationship: ¢ —zircon grain HD1_59 from HD1 sample contains Coe inclusions in

the core and mantle, and Qtz inclusion in the rim: d —CL image of the same zircon as in Fig. 4¢ showing core, mantle and rim relationship
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Fig.5 Plane_polarized light ( PL) images and CL images of host zircons and mineral inclusions in zircons from amphibolite
(ZM1, DHI and MB2). and from surface eclogite ( M B3)
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a—zircon grain ZM 1_10 from ZM | sample contains Coe + Grt + Omp inclusions in the core and mantle; b —zircon grain DH1_33 from DH 1 sample
contains Coe + Grt + Omp+ Phe+ Rt+ Ap inclusions in the core and mantle; ¢ —zircon grain M B2_35 from M B2 sample contains Coe + Mgs
inclusions in the core and Coe in the mantle, respectively; d —CL image of the same zircon as in Fig. 5¢ showing core (C), mantle (M) and rim
(R) relationship: e —zircon grain M B3_66 from M B3 sample contains Coe + Grt + Omp + Phe + Rt inclusions in the core and mantle; f —CL

image of the same zircon as in Fig. 5e showing core, mantle and rim
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a—zircon grain HS1_45 from HS1 sample contains Otz +  Ap inclusions in the core, and Arg + Grt + Phe + Qtz in the mantle; b —CL image of

the same zircon as in Fig. 6a showing core (C), mantle (M) and rim (R) relationship; ¢ —zircon grain HS1_63 from HS1 sample contains (Mz in-

clusions in the core, Grt + Phe + Ab+ Qtz + Ap in the mantle: d —CL image of the same zircon as in Fig. 6c¢ showing core, mantle and rim

relationship
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H:Ky+ Phe+ Qtz+ Ap( [ 7a) Fl Ky+ Phe+ Qtz(
Te) , AR BH B ' P A5 L AT ik K 0 250 ) A% i
AR 55 BCRON HA8 (B 7b 7d) « EIRFFHER B
SR T EI T m R AR T B, PRk, 7E A R
AR Z5E A = B X, R SHRIMP U_Pb & 4
J7id, AIARAS R AR U R A B .

7) . BEARRAE IR P R AL

B 7 S AT AT S8 (HZ1 HSHT) 850 BT Y e ) S 3BT (PL) B R B AR & OGP R( CL)
Fig.3 Plane_polarized light ( PL) images and cathodoluminescence images ( CL) of host zircons and mineral inclusions

in zircons from kyanite bearing quartzite
a—H5 A FERL HZL PSS 29 B ARG SR Ky+ Phet Quz+ Ap @ EF i b —& Ta bl 40 10 B8 2 e S, o] 52 1 B0 A1
Eitty; o —BEATRESN HSHT 938 37 Rodh B R ORAF Ky+ Phet Quz (0™ 0 ik d —P8 Te Pl i M B RO B 4%, S8 W ek (1
i ik
a—zircon grain HZ1_29 from HZ1 sample contains Ky + Phe + Qtz + Ap inclusions in the core and mantle: b —CL image of the same zircon as
in Fig. Ta showing core (C), mantle (M) and rim (R) relationship; ¢ —zircon grain HSH1_37 from HSHI sample contains Ky + Phe + Qtz

inclusions in the core and mantle; d —CL image of the same zircon as in Fig. 7e show ing core, mantle and rim relationship

4.3 KEEDERENTNEE PR(IE 8c) . EUERHaL L 2 ) A T R
W F TR B 4 o1 53 55 0 0 AR A PRR o o R 2 R, T 320 0 S 55 006 0
A, B 30~ 70 Mm . KEECEEA ARG, L A5 8b 8d) . HFERL, # 4 TH 1A B K

HOBEAA NP OAEE 8) . LU B A RHATCRE 2 I T A AR .

AT KELE (JPL) ), A AR 5 Arg+ Qtz
AR, AT Ap SR K 8a); 7
PIAZBW & AT Arvg s ™ A0k, ik e ¥/

4.4 ERBEPEANT MR
A R TIRT IV A7 B0 i R B A b 2 R A7 K
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Fig. 8 Pline_polavized light ( PL) images and CL images of host zircons and mineral inclusions in zircons from

apatite_bearing marble ( JP1)

a—HE ARG TP TS 8 RS AR TR IR A Arg+ Quz BHIET WL, I {RAE Ap T WM b

—#l Ba tPESAT FIB B A P 1R,

SR G ER A AR o —REETREAD JPL T 12 R PR Avg TR E R d 8 T PR TR ROG I (4,
Sk WY Sk () A KR T

a—zircon grain JP1_8 from JP1 sample contains Arg + Qtz in the core, and Ap in the rim; b—CL image of the same zircon as in Fig. 8a

show ing core (C), mantle (M) and rim (R) relationship; ¢ —zircon grain JP1_12 from JP1 sample contains Arg inclusion in the core;

d —CL image of the same zircon as in Fig. 8¢ showing core, mantle and rim relationship
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REKAE B 50 R (HW L) i, 4 K 2 0 A |
R A2 3L R W] S IR AT e A, AN L%
AR ST AR A R . U D B B A R R

Ll fbe Bk et by i A Sl Al B (Y E 1Y) RS 2 B b Al
AT ZICEE HE P A YR ~JELSC T UAR IR S wn 2X A O T UAR

S8 i3 A R L 9b 9d) . SR, ARG A e
TR0 0 98 BEA A%, B9/ T 15 Bm, WL AN 242

77 s P O A R i A ) 9 R R I R (P 4b

4d) . {Ek7RME E IR A RS A AL, W R AT Quz+
Kfs+ Ap( [ 9a) Fil Quz+ Kfs( & 9¢) 250" P4k, 7
AR JTH A W T AR AE T Phe+ Qtz( ¥l 9a) Al Phe+

Qtz+ Ap( B 9c) 5 i ™ 4 B 44 T 75 85 A7 58 RO
ROV A DA RIAT AT ik . RSk
R, R TR IVIE R BR324 (0% 3
W T HREE A, I T A BT, T
i i ae % 7 Ja W A I E M 4R oa AR AR i
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Fig. 9  Pline polarized light ( PL) images and CL images of host zircons and mineral inclusions in zircons from magnetite_

and biotite bearing potash feldspar orthogneiss (HW 1)
a —HIATFE G HW L 5 32 B0l R ERTE Quar Kise Ap W0 4004, BIEORAE Phes Quz W IER" WG IE, L8ET WM b— 9arh
AT B RO VT ML ks D Sk S R AT R i e T A R R A (M) e o A RE S HWL TR 5 54 R TR R AF
Quz+ Kfs "0 W LI, B IRAF Phes Quer Ap W [T ¥ 6L 0K, JLMET P8 d —1 9c Pl An A BB A0 PG, Sabos W) Sk (1) 52 &5 it
A7 (R0 et 28 ST A (8RR 8 ( i) ik

a—zircon grain HW1_32 from HW1 sample contains Q1z + Kfs + Ap in the core, and Phe + Q1z in the mantle; b —CL image of the same zircon

as in Fig. 9a showing core (C). mantle (M) and rim (M) relationship: ¢ —zircon grain HW 1_54 from HW 1 sample contains Qtz + Kfs in

the core, and Phe + Qtz + Ap in the mantle;: d —CL image of the same zircon as in Fig. 9¢ showing core, mantle and rim relationship
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IS B vh TR R R R S P (Wang et al.

1989; Okay et al., 1989; Yang J J et al., 1993;
Zhang et al., 1995, 2003; Liou et al., 1996; Yang
JJetal., 2003; Yang J S et al., 2003) . %) ik
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CCSD_PP2( % 1028 m) (W47 A1 JE BB A vp 4l
Weifid 2 A0 A1 0 A S R R (R L Liu e



44 woA

2,

Vo

AT
I T

o5 24 45

al., 2001, 2002, 2003) . &£ S0 &R 21
RLERE I 1 R ILE F 0 = YE 45 1] 18 732 40 A, b
A AR S LR 5 B A B ) e B e g
R AT, FFE D T R R AR .

AR Bl A Tl X g ™ ) A (R Sk
FIRZHE 2 B 4624 104y, 454 Gri_Omp Hb ik
JEit Gri_Omp_Phe i s J) 1 BL A Coe= Qtz SV
211286 %8 KL ( Bohlen et al., 1982) , ) i [ W 1Y)
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MRS, 1= 723~ 852°C, p 22. 8 x 10° MPa( #
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x 10°~ 2.5x 10°MPa( Zhang et al., 2003) .ifj &
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Table 1 Index UHP and HP minerals identified as inclusions in zircons and p_T estimates of present and previous

studies from both UHP and HP rocks in southwestern Sulu terrane, eastern China
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