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Fig.1 Quartz exsolutions in omphacite of CCSD eclogite
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(a)-Omphacite with quartz exsolution bars; (b)—quartz exsolution bars perpendicular to the section; (c)—fresh omphacite with coesite

inclusion; (d)—retrograded omphacite with coronal symplektite; Omp—omphacite; Grt—garnet; Rt—rutile; Coe -coesite; Qtz—quartz
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pm, G G 0 R4 4 AT AE T M M ER AL 2 BT ST BT Y
JXA-81008 T #R4T A 1= 58 B i L FE 15KV Ui
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Si.Al i £ . Mg.Ca IBEA . TI &40 (B R
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BT A EAR . GEA P EEESR
R AEREETR (B 1a,b) .Raman F6 i M E B
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Table 1 Representati;\ize microprobe analyses (%) of omphacite from CCSD and CCSD-PP1
BURE Hb 25 CCSD (370m) | CCSD-PP1 CCSD(193m) CCSD (307m) CCSD-PP1
i 5 wmeEESs HEREE . BERBES RS
FEEE | Gumm, amERQER B B (k) Y
HE%S 03558 i QLT41 | QLT33 04303 04306 QLT33
W 4 B c m r(2) ‘, i(3) 4) 4 i(2) - m(3) 763 i(6) m r(2)
Na,O 7.63 7. 86 .2 217.80 7.91 7.40 8.28 8. 44 8. 34 11. 29 11,19 11. 24 0.02
K,0 0.01 0. 00 0.02 10.02 0. 00 0.01 0.02 0.01 0. 01 0. 00 0. 00 0.02 0. 00
MgO 7.42 7.40 7.47 :} 7.48 7. 2% 7.99 6.76 6.78 6.72 3. /70 3.76 3.59 0. 00
Si0; 55. 38 54. 98 54. 68 ;,55. 10 54,91 54.52 55.85 | 55.97 55.76 | 56.67 56. 90 56. 97 100.11
CaO 12.01 11.92 11. 87 H11.76 11. 25 12. 14 10. 81 10. 89 10. 89 6. 39 6. 64 6.28 0. 06
Al O; 10.18 10. 25 10. 28 ﬂ;10.18 8.93 8. 06 11.53 11. 51 11.58 16. 38 16. 06 16.19 0.03
TiO, 0. 06 0. 09 0.08 li 0.09 0. 04 0.03 0. 07 0. 06 0. 07 0.08 0.09 0.10 0.03
FeO 722 707 6. 84 E 7.18 9.79 9. 47 6. 64 6.61 6. 44 6. 07 6. 05 ‘6. 18 0.28
MnO 0.03 0. 00 0.03 [§0.04 0.01 0.03 0.01 0. 06 0.04 0.05 0. 00 0.04 - 0.00
Cr,0; 0. 06 0. 06 0.02. Ii 0.03 0.01 | 0.01 0.04 0.01 0.02 0.01 0. 00 0. 04 0. 00
Total 99. 99 99. 63 99. 02 k!99 67 1100.12 | 99.65 |100.01 | 100.33 | 99.86 | 100.63 | 100. 68 | 100. 66 100. 54
I AN ER T R R A PR TR
Na 0. 5336 | 0.5520 | 0. 5450 "0 5477 | 0.5596 | 0.5269 | 0. 5750 | 0.5847 | 0.5798 | 0. 7687 | 0. 7613 | 0. 7652 0. 0019
K 0. 0002 | 0.0000 | 0.0010 ’0 0007 | 0.0000 | 0. 0003 | 0. 0011 | 0. 0005 | 0. 0006 | 0. 0000 | 0. 0000 | 0. 0008 0. 0000
Mg 0.3992 | 0.3997 | 0. 4053 0 4038 | 0. 3955 0.4372 | 0. 3609 | 0.3610 | 0.3593 | 0.1939 | 0.1967 | 0. 1881 0. 0000
Si 1.9980 | 1. 9917 | 1. 9910 Ii] 9948 | 2. 0034 | 2. 0022 | 2. 0007 | 1. 9997 { 1.9995 | 1.9900 | 1.997 | 1.9993 3. 9840
Ca 0.4644 | 0. 4628 | 0. 4629 0.4563 | 0.4398 | 0.4776 | 0. 4150 | 0.4168 | 0.4185 |'0.2404 | 0. 2498 | 0. 2363 0. 0027
Al(N) 0. 0020 [ 0.0083 | 0. 0090 0 0052 | 0. 0000 [ 0. 0000 | 0. 0000 | 0.0003 | 0.0005 | 0.0100 | 0. 0030 | 0. 0007 0.0013
Al(W) 0.4308 | 0.4294 | 0. 4324 IIO 4291 | 0.3876 | 0.3509 | 0.4874 | 0.4847 | 0.4890 | 0. 6680 | 0. 6613 | 0. 6690 0. 0000
Ti 0.0015 | 0. 0025 | 0. 0024 "o 0024 | 0. 0012 | 0.0008 | 0.0020 | 0. 0015 | 0. 0018 | 0. 0021 | 0.0023 | 0. 0027 0. 0008
Fe3t+ 0.1487 | 0.1837 | 0.1737 "0 1761 | 0.2444 | 0.2528 | 0.1234 | 0.1447 | 0.1302 | 0. 1575 | 0. 1458 | 0. 1354 0. 0000
Fe?+ 0.0692 | 0. 0304 | 0. 0346 "0 0413 | 0.0543 | 0.0381 | 0.0755 | 0.0528 | 0. 0629 | 0.0207 | 0.0317 | 0. 0461 0.0092
Mn 0.0010 | 0. 0000 | 0.0011 [60 0012 | 0.0003 | 0.0009 | 0. 0003 | 0.0019 | 0.0011 | 0.0013 | 0.0000 | 0. 0011 0. 0000
Cr 0.0017 | 0.0016 | 0. 0006 0.0008 | 0.0002 | 0.0004 { 0.0011 | 0. 0002 | 0. 0007 | 0. 0004 | 0. 0000 | 0. 0011 0. 0000
Total 4.0502 | 4. 0622 | 4. 0588 i‘4 0596 | 4. 0832 | 4. 0861 | 4. 0416 | 4. 0488 | 4. 0439 | 4. 0532 | 4. 0492 | 4. 0457 3. .9999‘
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Table 2 The end-number contents (%) of Omphacite
BUHE MR CCSD(370m) CCSD-PP1 CCSD(193m) CCSD(307m)
AR FEEEE (RHBEY TR E(FHEY | BEREESRHEYD
HRRS 03558 QLT41 QLT33 04303 04306
W g - c m r(2) i(3) 4> ) 12> m(3) | r(3) i(6) m r(2)
En 16.95 | 16.61 | 16.98 | 16.88 15. 66 17. 24 15.61 | 15.44 | 15.51 | 8.34 8.51 8.19
Wo 25.29 | 25.00 | 24.96 | 24.82 24.17 25. 85 22.99 | 23.10 | 23.16 | 14.23 | 14.93 | 14.32
Fs 12.16 | 11.69 | 11.47 | 11.95 15.55 15. 07 11.31 | 11.10 | 10.95 | 10.07 | 10.09 | 10.39
Jd 45.61 | 46.18 | 45.98 | 46.11 44. 62 41.83 50.09 | 50.36 | 50.39 | 66.61 | 66.32 | 67.10
Ts 0.00 | 0.53 | 0.61 0.24 0. 00 0. 00 0.00 | 0.00 | 0.00 | 0.74 0.14 | 0.00
Es 0.00 | 0.00 | 0.00 | 0.00 0. 00 0. 00 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
& :En—Mg;Si;05 5 Wo—Ca;3Si;0s; Fs—FeSi;06;5 Jd—NaAlSi;Og; Ts—CaAlSiOs; Es—Cao. sAlSiOg; [ 1.

fiE , A R R MM Na,Ca. Mg, AL Si % T & M
FAS JAEROEAR=RHGELA(BE -
TARLERNSEEL & - BREREEAOMT
ST R WE 3. 4fT/m . Bl 3a REF, FIEL P
Na-Ca 2 XX KR, FEMES T Na & B, R
THEST Na FBE, CallRZ . FAFLEE
MEEAEE® Caff Na s AR R BE
S AE P 4 0 A M Na TR Ca; BI3b 3281, &
WA Mg-Al IFERHXRXR, FEE RIS & Mg
KRALBEZEARZ , AR BB ENEEQ R
BB Mg BKH Al F B8 LLE H B2
TR HE A R UL Al i HEH Mg; Bl 3c R 8B40 T
F ) Na B FHSSEA P HmTHDEEJDE
BZEJLFRLI:IMAR.EZWAE Na S 5 20E
ERAH.FHBERSBEEL PHE LR HE
. B 3a.c B A B Ek A 3 VA A 0 R 6 4R
#EH Na(B) IO S ERMK. XRAZEAF Jd B
SR S5TREH T ¥, Tsai % (2000058 h K Na
WEBASEGIHAZTHEHMER. 5EALR

BRARE.BEERK (Ye et al. , 200008 Na, P,
TifE@?E‘:PH‘JAE%EjJﬁEiE*E%%%,%ﬂE
X—HRHAEERER  EIRESMEEA LA
F &Jﬁ%%zﬂ@tb%—ﬁ\%i%%ﬁ%, CE:K:]
BHBENEEALMNYFR S WETFEETH
A, FHKRTF2. 0. X, BIEAHRBEZ
B2 EF&INEFBEMNFIE, L4 ENIE T Smith
(18OE R HFENABHEARNEAFENRIE,
Br— kAN RIEA N FR— R B BAAL S F Si
BEFHE&ETAR . ZERIAIBIEEREXFENR
BOEFRIBPZANESHAPAESRELE
RS, 0K 0 28 IR SR A B L 43 A VR BT 9 B IR R
Sy EINN . BEEGEAT S HEEFAT. E
FEANBRPEEKY.SHAXH - THEHR
%2 CCSD L BEA PIRA RIE T 1 A%
HAEEHRBEIS, 7 CCSD-PP1 i # Bl 4 H1 1R
R NRBHEAREMS . T WL IEER. R
KRB X UL B A A R A VL
BT RKRERFHEERNTHESEER (Tsai et al. ,
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Fig. 3 Anion per formula unit (apfu) of Na-Ca (a), Al-Mg (b), Jd-Na (c¢) in omphacite from CCSD eclogites
1— R R R R AR S 2 — B R SRS 3 — A S MR BR B EES

1—Fresh omphacite with coesite inclusion but without quartz exsolution; 2—fresh omphacite with quartz exsolution; 3— retrograded omphacite
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Fig. 4 Anion per formula unit (apfu) of Si in omphacite
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1—Fresh omphacite with coesite inclusion but without quartz
exsolution; 2—fresh omphacite with quartz exsolution;

3—retrograded omphacite
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2.2 REAPREMNHBNH

Eskola (1921) B RRE T — M M2y f§—F =
3 B9 B R VE A, B J5 X F0O A 9y & O Ca-Eskola
#% A (Khanukhova et al. ,1976) s Mao(1971) i it &
B & E(1100~1700 C, 40kbar) S 3 & BL 45 & 3 &
SiO, #Y B RIVE A 75 = 45 14 T A2 % B 7 R fb %
B Smith 5 (198O BRI H AR BEL FIEML
it BB RN B A E A FE. Katayama %
(2000), Tsai % (20000 ARMH B IREARER
BEAR MAEM. SERSRE KERSS &
f2 1Y) Ca-Eskola 435 : 2Cao.s[ o, s AlS1,05—>CaAl,SiO;
+3Si0,, XK T HHj R THMA T AL B
B 38 WL A, o SR T 53X — W 3 S B (B 15 b £ 6%
B BEATEED, . FEGELA (BFESE
AEBBFEEMAE B EEK) F Ca-Tschermak 4+ F
HEEER TR MTREEE AR LLZIER
R R R FAESEAERBEERNRELA N
AR & WA Ca-Eskola 43 F 43 fif i 7= 4 B9 Ca-
Tschermak 4y F; @ Ca-Eskola 4 F #l Ca-
Tschermak 4+ F&R R A FTHISHEN, HAj M R 7E
BARARXAXFMBEAS RN Y;Q AR
BRMNEAAHARTFEEGE P  EAHBTAFH
& & Bl (Mposkos et al. ,2001; % B %, 2003), 7
SNELT T (BB ER2500X 10 Si, AR EH R R+

MEEOMEHASETHEAEINREENGE
AR AY “ ot 8 89 7Si, X AR 2 b iR P R K AR
B ;@ EARABBEIH AR BBEREN . p X4
AHAEFBHRE B, EENEEAG PR AEEE
WL FIAE R B 2. p SR D BRI LB L MR
BRELR TEFH SR, RN, BAPANEE
SEEG A R H 15 L 1 . Angel %5 (1988) #£1600 C,
100~150GPa [ 44 T & M T — F #4445 : Na
(Mgy.5Si0.5)S1,06 . B F 6 IR ELAZ B9 MIAZEEN Si i
BoXME NaWEAmRUEBNT ORFHA25
MSIEF EFRIER X FBEMMERGH L E M
= ,Ca-Eskola 43 F:Caos[ o s AlSLOH A BEH E IE
B MBS .Y E I REAR, 78 T 3R 458 X
BT B W 7SE LR DL SIO T K AT B B A
& . Luo & QOO FI R pdi i &N A EE, U oA
FEHMAT AR N LTI R, H 7 H N E E54~57GPa
HM30GPa B 15 B T — Ff %5 L 205 B A 38, Si B i 450
MHTF4E6H SOFME XM NEEERIXBE XA
72 Eung LN RE L BEE R E NS By E S m,
B Si-O MHEEE S-O NERET2ERET Y E
BRI A . R0 X 2 5035 o AT HE— 25
PR UHP 28 B i i vh 508 B0 R B s SR 5 )
(B¥EH HEREA. 207 . 2HASES URE
HHMAREEARBETELENEB R . 7Y
BAf vh 8] — € BB, £ UHP &4~ —# 4 Si /£ Rk
B b H I S IREL AL /Y Si-O /T R (BT 4 35 45
M) AR IR, e 7 B AR BT X 3R 4 Si LA FEIE R
BT B RV R (B b AR A s A 30 . B b
HHBURFT LIE S XM BBV ERAN—RE
X IR AR RE UHP 28 /8 Y B st R A oA
TR HEIM S . F5E . Angel 2 (1988) 1 Tsai &
(20000 % 3% — MR B 42 12
2.3 FEAPEREBAN .0 &G

# F Gasparik (1985) Xt Na,0-CaO-AlLQO,-Si0,
F 4 (25~30kbar,>1000 OO LK IANEHE
Ca-Eskola 73 F [ 8. #H i A1 7E 25 ~ 30kbar T A & &
HFEBTX -EHESAE-FAHEME LG
B ANMNERANXREBARBEBEN 1 p ZH R
M ZEWREHXN SRS A¥LREHME LA
AR E : Mao (1971) 35 4, B8 £ —Ca-Tschermak
B BHE 7 76 40kbar , 1100~1700 CHf A& H 7. 5% 53
R By SiO, . FBhHY F I 45 IR A A 25~ 35kbar, 1200~
1450 C (Khanukhova et al. , 1976; Wood et al.,
1978, LLiE#E A —Ca-Tschermak s %7 42 ); 35~
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70kbar, 1200 C (Zharikov et al. , 1984, L) & #& & —
Ca-Eskola #& 7 9 LI X 52 ) 5 BI04 A% A L,
Angel % (1988)7£1600C,100~150GPa ) & 4 F
B BLIR LA Si-O P R R\ R ) Na-Mg 1§ R
AR Arlt % (1998)7E92 kbar, 1000 C &4 TF 4 M
MnSi,0;, % (& B B T4 2 B9 A8l 1, Ca . Mg 7] BEXT
Mn B BER, R BB — P B rEF AN =4, X8
HEMEANEBRNEAE BB B AEEE
A A B RE , 25~ 30kbar, >1000 C A H
BERUERENMBEENIAR. EXL L. MEETER
UHP 7% 7 G A 5 4 22 BF 5% ) 3 &, 56 T % UHP
TREHBEFFVWMNREEBE Y AE A
RAB—SNAMHTERENEEST: Ye %
(2000)7EH & UHP A BEAENa Bl Fa P XM
RAVEA  EL A B K A B, B SRR R
¥ B 1 K T 7GPa CH R B 4 I8 B 2R T 200km) 5
Zhu(2002)7E 4t ¥4 5% 72 357 18 Kokchetav i {4 2 4} #%
B ERE S EFA A K EEER EN S EEHR
F8 GPa;Zhang R Y % (2002) 7 K -7 & UHP #;
BB AR F A RIR AOE A B, A Y
F6.7 GPa 9 | 775 X R 55 (2005) | B /R 4 Ll A3 4
FAFPHBEREMNEARE B ERBRIENRTT
GPa;Katayama 25 (2006) 7E "8 % 72 #8738 Kokchetav
Hi i & TR B AR A oA B R R A R
APEAETHERE MR ERA . B YT
) 4 A AR JE 7 8 25 ~ 30kbar A BB AL AR
ROENSEAFHBEWES TR B AT, 10R
¥ a R BN HIE S MR ESR G T Si-0 NHE K
6 ME RSB R ER, AT RRERNEHR
G 37 K F B BT AT B8 At 5 B0 0 ) S 1 B AR B B ¢
BRAEMTEELKEA¥NFE—-PTE.

3 FEZR

(OEEAPFREAFEEGH HE AR UHP
BHEAEARBIWT PEREZ — BRE SEAL
BRI GERO L EAREET BEMREER
Z—.
(OMREEMET Si-O /A i Y i 5% 28 5 5
AEEBEHWEX T UHP ZHEIT YL EBHERAR
MERTAREBBEAAEENEENEX.

(3) 2.5 GPa By JE S B3 F B R A 1A 3
HIEIET &, 7 B RE R R E S TR, SRR
REMES KB RRIZ KT .

(OF RGO P A B BEIH KSR

B W7 38 T 2% A B MG 6 R S AT B 4B B 55 4 R B9
U o R BE A R RE A T S TR B 3o 3T VR A B A0 L K
R ) J5R A 2L F P 5 4 2k B B I
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FEBER) NIRRT R 2 E R R
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i

Abstract

i

Quartz bar (or needle) exsolutions from clinopyroxenes are considered as one of the diagnostic indicators in

the ultrahigh-pressure metamorphxsm, and were frequently 1dent1fled from several UHP metamorphic belts in

the world. Exsolutions in omphamtes in eclogites from the Chinese Continental Scientific Drilling Project main
hole (CCSD-MH) and Pre—pl_lot 1(CCSD—PP1) were studies by using laserRaman and electron microprobe

analysis, and numerous parallel qﬁartz bars (or needles) were found. For comparison, omphacites in CCSD

eclogites without any quartz exsolu;tion were also analysed. The results indicate that the omphacites with quartz

exsolution is supersilicic. Ultrahigh-pressure experiments shown .that part of silica can form octahedral

coordination structure, if pressure'is high enough. It’s proposed that decline of pressure will facilitate quartz

exsolution. The peak pressure of UHP metamorphism indicated by quartz exsolutions in the CCSD omphacites

is much higher than 2. 5GPa, wh1ch was estimated by the previous researchers based on facies transformation of

quartz-coesite and graphite-diamond, suggests that subuduction depth of the Su-Lu UHP metamorphic belts

may be greater than commonly recbgnized 80~120km.

Key words: omphacite; quartz; exsolutions; eclogite; geodynamics; CCSD
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