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~5.1 GPa, BIE4PHEL HBEEEN Xou=1,Xr=0,Xr.=0.074~0. 094 E 1 0. 082) , X:=0. 41~0. 74 (F 1
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£ BlEE8E A (Titanian clinohumite , Ti-Chu) F1BL
RE 4% A (Titanochondrodite, Ti-Chn) [6] JB T & 4k 89
BEART Y. KABREAOMEEAYTES
GPa f1 1300 K 5L 16 4 44 T & B (Wirth et al. ,
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HESAREA- RN EEARETYRETEERE
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1995; Green et al., 1997) K & # ¥ 55 1) K # 5
(Ogasawara et al. , 1998) 1 &K H,
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MEEMAS —AMAEREEREERYRE
BERY BRI REIE R . — B E X
HEBEEERENAEABEERTTRET
B RBEREMER 700~900C,4.5~4.6 GPa
(Yangetal. , 1993), AN ABAMBELEI TER
EA FVEFH (Yang et al,1993;Zhang et al. , 2000),
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Fig.1 Tectonic sketch map of the Su-I.u UHP belt(a),
section map of the Zhimafang ultramafic body(b), and
vertical section of the CCSD-PP1 showing sample location
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A—ERBTOMBERLNE
1—Paragneiss; 2—granitic gneiss; 3—eclogite; 4-—ultramafic

rocks; A—-sample locations of garnet-peridotite
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Fig. 2 Clinopyroxene inclusion in garnet from the garnet

peridotite of sample PP1-141(plane-polarized light)

B g (8 1), CCSD-PP1 FLE M & 28 T
118.55 m, FEMARMA ZHEMHBE. . AEG B
WA A R A A DL R R A O R R
EMARAHR. G186 BN S 23R ERR
i, KRB EBERAS-CAMW. HREEAR
JF 154.3 m ) PP1-141 1 183 m [ PP1-152 & &
HARA g ES, ZEA ST 3%~ 10484
RO 5% ~10%M T A, SN BMER,1%~3%
SR 80~ 00N MM A . T WIFERS NE 1,
A A S (PP1-152 #1 PP1- 14D MA@ F
OBEEBR/P—BHN 1~5 mm, HFRKFEH 20 mm,
EARTFAPESAERENESEER, ZRE HME
ERARM=MAT%E, K/NA 1.5 mm, EERD>H
BREA MBI EA (K 2).

2 BREOREKPEORRESE A M
FHEEEE 41 A I

PPI-41 G AR TFAERANSHELREL
FORE T M A 63 B 4, 76 R 2L IR 28 L 7 (3 BE 1K
(& 3a,b) i ZBUEK A RS A FI BRI RESE A B0 B o
& (& 3¢). 5 Yang 25 (1993) B WA R Z LA ZETF,
A SCHRGE B & SRRLREBE A AR RLREBE A A R AR SR
R YIRS A B A B B AL
AEEERPURBEEOERX BN, B EEL A
RREEANBEROTRE AR ENREER BB
Ao RERSTHEEZMKER, KE 50~80 pm, 5
BE 0.2 pm, P47 & [ HEF) (B 3c,d.e), HIER B2
KZEF (K 15 pm, %% 3 pm) (E 30), HEHA SFH
BEERT MYV TEERASERKRE, B
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#£1 ARBEBEETETYARRE Gr) . HEAOD . #7EA Opx) BHEA (Cpx) BB FREFTHE
Table 1 Representative compositions of garnet (Grt), olivine (Ol), orthopyroxene (Opx), clinopyroxene
(Cpx) in garnet peridotite

a4 TYRE Si0, TiO, AlO3 Cr,03 FeO MnO MgO CaO Na,O K.O Total
141-12-16a Cpx 54. 80 0.01 1.43 1. 30 2.49 0 15. 95 21.63 2.03 0 99. 64
141-12-161 Cpx 54. 60 0.03 1.02 1.16 2.23 0 16. 30 22.49 1. 49 0 99. 32
141-12-16i Cpx 54. 60 0.03 1.02 1.16 2: 23 0 16. 30 22.49 1. 49 0 99. 32
141-12-16¢ Cpx 55. 39 0.05 1. 49 1. 29 2.55 0 16. 07 21. 80 2.09 0.01 100. 74
141-12-16d Grt 41. 26 0 21.79 2. 14 11. 38 0 18. 28 4.16 0.01 0 99. 02
141-12-16e Grt 41.78 0.04 22.12 2..37 11.21 0 18.53 4. 80 0. 02 0 100. 87
141-12-16g Grt 41. 02 0.03 19.75 4.23 11.93 0 1722 5.07 0.03 0.02 99. 30
141-12-16) Grt 41.52 0.03 22.12 2.11 10. 87 0 18.93 4. 86 0. 04 0.02 100. 50
141-12-16e Grt 41.78 0. 04 22.12 23V 11. 21 0 18.53 4. 80 0. 02 0 100. 87
141-12-16g Grt 41. 02 0.03 19. 75 4,23 11.93 0 17.22 5.07 0.03 0.02 99. 30
141-12-16j Grt 41.52 0. 03 22.12 2.11 10. 87 4] 18.93 4. 86 0. 04 0.02 100. 50
141-12-161 Opx 58. 29 0. 03 0.18 0.03 5.27 0 36. 38 0.08 0.02 0 100. 28
141-12-16m Opx 58.19 0 0.13 0.02 5. 63 0 36. 60 0. 06 0. 04 0 100. 67
141-12-16n Opx 58.21 0.01 0.18 0. 07 5..52 0 36.51 0. 06 0.01 0.03 100. 60
141-12-160 Opx 57.94 0.03 0.20 0. 08 5.61 0 36.40 0. 09 0. 04 0 100. 39
141-12-16p Opx 58. 42 0 0. 26 0.10 5.45 0 36.51 0. 05 0.02 0 100. 81
141-12-16f Ol 58. 51 0 0.16 0. 07 5.37 0 36. 90 0.09 0 0 101. 10
141-12-16h 0l 41.17 0 0 0.01 8.33 0 51.54 0 0.02 0 101. 07
141-12-16k 0Ol 40. 82 0.02 0 0 8.83 0 51. 82 0 0 0.01 101. 50
141-12-T8 0Ol 41. 97 0 0 0.03 7.01 0.11 51.41 0. 40 0.03 0.02 100. 98
141-12-16h Ol 41.17 0 0 0.01 8.33 0 51.54 0 0.02 0 101. 07
141-12-16k 0l 40. 82 0.02 0 0 8. 83 0 51.82 0 0 0.01 101. 50
2 ABAERHFTEROp)HEFMERCp)BRERSHRFRIFIITRE
Table 2 Representative compositions of orthopyroxene (Opx), clinopyroxene (Cpx)Dinclusion in garnet
p=2=3 TR E SiO; TiO, Al O MgO Crz0; FeO NiO Ca0O Na;O K,0 Total

152-1-4 Cpx 54. 81 0. 073 1. 28 16. 32 1.53 2. 36 0 21« 55 1. 86 0. 084 99. 86

152-1~1 Opx 58. 38 0 0.15 37.40 0.102 4.77 0. 09 0.078 0.07 0.01 101. 04

141-t14 Cpx 54. 71 0 1. 60 15.72 1.27 2.54 0 21.33 2.04 0.03 99. 36

141-113 Cpx 55. 26 0 1.75 15.81 1.42 2.71 0 21.18 2.21 0.01 100. 4

BUET £ 1A P 3R TE7E W B T S ARk B 0 A BRORLRE
SEAM/NMIER, K 20~100 pm, 5 5~15 pm (&
3c),

SEM F o T#REM 17 (R DZRBERMEEER
MeR REEE D MR P RS, K, SO,
33.11%~36.99%, TiO, g 4.82% ~8.62% ,FeO
$ 6.35%~7.82% ,MgO ¥y 46.32%~48.72% . R
B Y4B HEF Mg+Fe+Ti+Ni)/Si(Mg®)
HOAB T AR R RE BB BRI REE A, LUIETE 2. 36
~2.51 Z A, HEkBIREBED , LLfHTE 2.24~2.33 2
R RESE A T R, % 3 # ST1.ST2,5T4,
ST6.ST7.ST9 3k &k ki ik 8 1, ST3. ST5, ST10,
ST11.ST12.ST15 Nkl REEEA .

3 AMAMYEHEEERERETS

R W4k 2 R4 SRS AR [R) IR BE R A1 3 B9
i PR VE A K B R L AR R s R R
H R BT 5T, £ % % 4% Harley (1980) A T -7t

5 ¥EG Fer™-Mg®* &2 # 98 B 3, Nickel %5 (1985) A
174 -84 5 A FEF7 3 1 Finnerty 2£(1987) #t7
¥ Fi-Al JE 771, Krogh-Ravna (2000) B &L # A -4
WF A Fet -Mg Z#HBEH RITEEAERNE
E &M, rESERME 4 iR, HREEE 750~
900°C , & A W FE ST FE Bl A B 4. 2~5. 5 GPa, EEif
BEEE X—BEGES Yang(1993)HH B HBRET
R —B .

M #E CCSD-PP1 A # F A # Opx-Cpx 35 ik
R4 LA AR R 7 ik B A B R B R E &
tekrogh = T790~792 C 5 (ptaniey1 = 716~754°C 3£(ec1= 889
~ 879°C 5 trpow] = 865 ~ 855°C 5 topxcoxrav; = 914°C;
praxn] = 4. 9~5.1 GPa; pney=4-9 GPa; prva =
4.8 GPa, e BRI IR BE Y 850C, [EH# 4.9
GPa, 5B R A AT R EEA—3.

4 g

& Tisk & F A Bk A EE 88 0 7 4 72 BT /R B2 587
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Fig.3 Titanian clinohumite and titanochondrodite exsolution rods and flakes in clinopyroxene from sample PP1-14
(O—BREGORER RS AN NS, B O BB EEATANBEA N LB BB EE, S8aT
BB (BSE); () —HADE R QA FERIRESER B ME A &, HHUIT B T B R BSE) ; (d)—4k R BE 8 A 1Y 1 95 4 , BSE

(a)—Titanian clinohumite exsolution rods in clinopyroxene, plane-polarized light; (b)—titanian clinohumite exsolution rods and flakes in

clinopyroxene, BSE; (c)—titanian clinohumite flake in clinopyroxene, BSE; (d)—titanian clinohumite exsolution rod in clinopyroxene, BSE

100
——Harley, 1984

| —=—Finnerty & Boyd, 1987
—a—KTrogh=Ravna, 2000
| —%—Nickel & Green, 1985

0 o 1
200 400 600 800 1000 1200
«(C)

Bl 4 CCSD-PP1 LA MEHEEREITRER
Fig. 4 The thermobarameter calculation for garnet
peridotite from CCSD-PP1

Liguria MIRF FE &L HFHHERE REGAA
A 8 %K & P (Trommsdorff et al., 1980;
Scambelluri et al. ,1995;Zhang et al. ,1995) , % TiO,

RFHEEORTYRETERTENEERN
5w k¥ FE7E , Weiss (1997) R4t T 8. 0 GPa Ji
M TiO,.FEO I F M E BB REN LA “&
B-EE-HARNEEANARERAMNEEANRRAR
H-PRREEEE A B A0 SR M S B B £k (B 5)LF Y
FEERMEEAREERENEE, X—RNE
WESKLEYFNES ;S FHOHBAHEF
SENOUN , KAHEAERBER ENTEEREE,
M FHE 5 WA &K Xn=0.46,Xp.=0.19,Xp=
OHMHMARRRALHR-BE-UPNBEANEE L
FRo X X5=0.19,Xr=0.03,Xr=0 & Xu:i=0,Xr.
=0, Xr,=1H, KALR-RE-HURABEFHNERE
BWALTE 5 #9746 TH 1 & IR AR E B (>1000C).,

BRLHG , AR 4 LA b A ) ot 2R 98 2 BR A AR
WEFARTFANERERQEEADARMEER N
VR TiO, . FeO.F #1 OH W & B #7409 © Xt
BREAEERPRMREA/ M ER MRS
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3 AHERERATHRABKANANEEAHBRERS CONBFRISITHE

Table 3 Representative compositions(%) of titanian clinohumite and titanochondrodite in clinopyroxene inclusion

Sample 16T1 16T2 16T3 16T4 16T5 16T6 16T7 16T9 16T10 16T11 16T12 16T15
SiO, 36.92 36.77 33. 88 35.91 34.78 35.28 36.99 36. 65 34. 25 33.54 35.19 33.11
TiO, 4.93 4.82 8.62 6. 01 7.25 7.19 4.98 5.92 7. 86 7.57 5. 89 8.13
Al Oy 0. 00 0. 00 0.01 0. 04 0.04 0. 02 0.04 0. 04 0.01 0. 00 0. 00 0.02
Cr;0; 0. 07 0.15 0.22 0.12 0.11 0.14 0.16 0.01 0.12 0.16 0.18 0.11
FeO 7.08 7.58 7.61 6. 35 6. 61 6.81 7.32 6.54 7.42 7.82 7.74 7.06
MnO 0. 07 0. 05 0.10 0. 00 0.11 0.13 0. 02 0.02 0. 06 0. 09 0.10 0.12
MgO 48.72 48. 64 47.33 47. 80 47.52 46.78 48. 41 48. 26 47.12 46.91 48. 40 46. 32
CaO 0.13 0. 32 0. 31 0.90 0. 66 0. 62 0. 48 0. 38 0. 30 0.24 0.33 0.31
Na,O 0.02 0 0 0.03 0. 06 0.01 0. 02 0 0. 01 0.02 0 0
K,O 0 0.01 0 0 0 0 0 0.01 0.02 0 0 0. 01
NiO 0. 28 0. 29 0.22 0.18 0.28 0. 22 0.22 0.29 0. 30 0. 24 0.19 0. 27
BE 98.22 98. 63 98. 30 97. 34 97.42 97.20 98. 64 98.12 97.47 96. 59 98. 02 95. 46

Si 4.15 4.13 3.85 4. 07 3.96 4.02 4.14 4.11 3.91 3.88 3.99 3. 86
Al 0 0 0 0.01 0. 01 0 0.01 0.01 0 0 0 0

Ti 0. 42 0.41 0.74 0.51 0.62 0.62 0. 42 0.50 0.68 0. 66 0.50 0.71
Fe 0. 67 0.71 0.72 0. 60 0.63 0. 65 0. 69 0. 61 0.71 0.76 0.73 0. 69
Cr 0. 01 0.01 0.02 0.01 0.01 0.01 0. 01 0 0.01 0.02 0.02 0.01
Mn 0.01 0. 01 0. 01 0 0.01 0.01 0 0 0.01 0.01 0.01 0.01
Mg 8.15 8.14 8.01 8.08 8.06 7.95 8.08 8.08 8.02 8.09 8.19 8.06
Ca 0.02 0. 04 0. 04 0.11 0.08 0.08 0. 06 0.05 0. 04 0.03 0. 04 0. 04
Na 0 0 0 0.01 0.01 0 0 0 0 0 0 0

K 0 0 0 0 0 0 0 0 0 0 0 0

Ni 0.03 0.03 0. 02 0.02 0.03 0. 02 0.02 0.03 0.03 0.02 0.02 0.03

Cations 13.44 13. 47 13.41 13.42 13.42 13. 36 13.43 13. 39 13.41 13. 46 13.50 13.42
Mg# 2.23 2.25 2.46 2.26 2. 36 2.29 2.23 2.24 2.41 2. 45 2.37 2. 46

I :Mg® = (Mg+Fe+Ti+Ni)/Si,
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T
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AHBE R RN F §BITEEE ST, SR
BAREFE 6);@ WEH WLF 537,15 A Jones
296D FEITBHAREEA W OH &, R/ K
kB EEEE A M OH & B M 0.52 3 1. 18(F 3y
0.878);@® FEHEAY Xou» Xr Xt ER
#% Engi % (1980 H /A X Xou=0H/(OH+F),
Xr.=Fe/(Fe+Mg), X =Ti/Ti+M(Ti+M=1),
ﬂ‘ﬁ%%%% ’XOHZOH/(OH+F)=1,XF=0,XFe

Bs5 SREE-AMREOMEREAMEEONRA
oISk B R BE A Y 43 A8 UL SE B B 2R (48 Weiss, 1997)
Fig. 5 Experimental curves of the breakdown reactions of
natural hydroxyl-titanian  clinohumite, of fluorine-
hydroxyl-titanian clinohumate, and of synthetic fluorine

clinohumite (after Weiss, 1977)

EERNERG S EEN Y ERY LB TER TR LR
th AR X1i=0.46, Xr.=0.19, Xr=0 HHAREXRAITH-B
E-HpEEONEE LR, @REXUBENREREAN
The divariant fields in which reactants and products coexist are
enveloped by dashed and solid lines.

The curve label X1i=0. 46, Xr.=0.19, Xr=0 refers to the upper
stability limit of natural fluorine-free hydroxyl-titanian clinohumite.

@ showing temperature and pressure of exsolution

=0.074~0.094 (3F 39 0.082), X1, =0.41~0.74
(F4 0.56), HRIE Xou=0,Xp.=0.074~0.094,F
7 0.082; X1 =0. 41~0. 74,53 0. 56 I HEF RS,
KPR aBERN BB ENIRESRKBEMYETA
KRB D & AR EEEE A A & BB R
BEA B 4 R SN Y SE 56 Bl 2k (Weiss, 1997) 1 Z2 Ul
FRR SRS R, H XnHBERR RS . A8
R 2 e EL A R A ) 7 B VR BE A 2 (&4 850°C),
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Fig. 6 The WDS qualitative analysis for fluorine in Titanian clipohumite (a) and titanochondrodite (b)

Db U P A A 7 £ AR B R 0 B B,
17 3.5 GPa A2 4 . HE W —Ff AT B 274 H A A
EREAEMKTE 4.0~5.0 GPa,850 CH RS , TEE
I (3.5 GPa) i 7 R Bk R RE 8 7 (0 B 44 R0 1 7
B n—Ma R AMAMME R EOERERE
BERME, AR RS A B M BRI RE S
Wit 3.5 GPa, BB FE M, SR REE AR EK
MBS R EBEENAAE T B2 TRER
TEPTIR 1 72 H AT A 76 A 8 R AR TR R

5 458

E*@k%ﬂ%%ﬁlﬁﬁ%%%C%QHn
b 75 R TG O B A 75 B 1 v 2 B A B

ARMGRBEE A MR XM R B

MECR R A BRAEA PR BRI R RARE S
N 3.5GPa, M THIREMEATENEEEEM ik
HHTR R, HIF 45 & F i E AR B (850C)
X IEH b8 5 R R, R KA G W EEMNE
B b0 B ) PR A B R A R, SR b
HAOLTVFERE, HEREHITR TR P
HBFEIRER . A K el 5 0 R R AR e o AT LS BF
#] 200 km A FHIIRE (Ye et al. , 2000; Zhu et al. ,
2002a,b; Zhu, 2003),{H A B #b 8 ¥ R A9 18 31 B¢
AHGE. A SCIRE M RHE A e AL REEE A AR
REBR A H 1 S5 4 D K i 2 o B 8 7 A b 4 b B 10
IRMETHEHE . BT H R BR S A B

RBEEE S HENSHERIREHEE.
W W E MR BB W K % L.
‘Dobrizhinetskaya 1 + & % E #7#H 8 K% R. Y.
Zhang Tﬁ:t&@’mﬂf%ﬂﬁ‘ﬂba

2 £ x W

SWER, WM, BILE. 1998 KHUBBEEEEGHEREERDR

F 100~150km 57 BLEEFH, 43: 767~771.
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Discovery of Titanoclinohumite and Titanochondrodite Exsolution in

Clinopyroxene Included in Garnet Peridotite and Their Significance

XU Zhiqin”, CHEN Jing?, YANG Jingsui", LI Xuping” , CHEN Fangyuan"
1) Labratory of Continental Dynamics, Institute of Geology, Chinese Academy of Geological Sciences, Beijing, 100037
2) Bejing University, Beijing, 100871

Abstract

Garnet peridotite samples studied here were collected from the CCSD-PP1, located in the Donghai district,
southeastern Sulu UHP terrane. Titanoclinohumite and Titanochondrodite exsolution texture is found in

clinopyroxene inclusions in the garnet from these samples. These exsolution phases occur as flakes or rods in
clinopyroxene. Thermobarometer calculation yielded ¢t =716 ~914C and p= 4. 8 ~5. 1 GPa, which are
interpreted as the equilibrium temperature and pressure during exsolution. No fluorine is detected in
titanoclinohumite (Xop= 1,Xr= 0, Xp.=0. 074~0. 094 with an average of 0. 082 and Xr= 0.41~0. 74
with an average of 0. 56). The composition of this mineral phase suggested its forming pressure >>3. 5 GPa (>
850°C) and therefore implies that titanoclinohumite exsolution happened in UHP conditions during the

exhumation of garnet peridotites.

Key words: garnet peridotite; titanoclinohumite; titanochondrodite; exsolution; Sulu UHP terrane
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