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Abstract A lot of quartz or microcline quartz veins are found in the CCSD HP-UHP rocks, and different genetic models of the veins
have been proposed, among which the two most representative ones are plate exhumation and fluid releasing model and late stage fluid
penetration model. In this study, noble gas isotopic compositions of fluid inclusions in the CCSD quartz veins and quartz crystals in the
Deonghai area were analysed by using a high vacuum gas mass spectrum, and their He-Ar, Xe and Ne isotopic compositions clearly show
that the fluid inclusions are composed mainly of crustal metamorphic fluid and air-saturated water, and the mantle-derived fluid is
nearly negligible. At depth of 900 ~ 1500m in the CCSD, “ Ar/* Ar of the quartz veins declined in step with 3'*0, and where marked
decline of 3°O in minerals of HP-UHP rocks were recognized by in-situ 8'*0 analyses, suggesting that the protolithes of the HP-UHP
at this depth might have been reacted with air-saturated water before being subducted, and the quartz veins inherit their host rocks’s
isotopic features. Similar noble isotopic compositions of fluid inclusions imply that the CCSD quartz veins and the Donghai quartz
crystals were formed in similar geological environment, and both of them were formed during fluid releasing and pressure decline of the
exhumating plate. The negligible content of mantle-derived fluids in the CCSD quartz veins and Donghai quartz crystals show that the
Indosinian subduction and exhumation of the HP-UHP rocks in this area may be quite quick, so that the mantle-crust interaction and
isotopic exchange might be very limited. Besides, the late stage retrograde metamorphism tends to weaken mantle-derived information of
the CCSD HP-UHP rocks.

Key words Fluid inclusions, Noble gas isotopic composition, Quartz veins, Quartz crystals in Donghai area, Chinese Continental
Scientific Drilling (CCSD) Project
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Fig. 1
quartz crystals in the Donghai area

*He-’He diagram of quartz veins in the CCSD and

@-quartz veins in CCSD eclogites; O-quartz in the retrograde
metamorphosed quartz eclogites; ll-quartz veins in the CCSD gneiss;
[J-quartz veins in CCSD amphibolite or amphibole schist; A-quartz in
the outcropped eclogites in the Donghai area; A-quartz vein in the
outcropped eclogites;  +-quartz crystal in the Donghai area;

x -microcline in the CCSD quartz micrecline veins, The sources of

various He after Mamyrin, 1984.

He/*He, A 3B 1.4 x 107%) 4 K B ¥ K T 0.5, M
AV AR, BERE KR, ZHEE T 2000, &k
25844.4; (2) FRiEKBFIF AL EF A He/'He LR K,
R/Ra 34 0.84 ~ 122, Ti* Ar/*® Ar AT 8 —%, 4 4859.3
~8952.4; (3) ARGHBRREE P A SR R R B IAEHE
KRN EERSKGEEM, R/Ra F° A/  Ar 53514 1. 92
M5731.6; (4) BRAFIBER SN, CCSD ek FIZR MK B
FHH9 Ne/” Ne # K L KUK TR (9.8), 1" Xe/ P Xe H
WETFARRUAT. 14),

3.1 He-Ar BMIEEE
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{&’He/"He F1° Ar/* Ar HE AWK H), W0: 1. KSMHAK
(ASW) , FERFERKABEKMEBKEE K%, HRBIE
> He/*He F1° Ar/*® Ar [W L Z 40 L4 920 LR, 1 295.5;
2. BURHLM iR, HAFHEHE He/*He F0%° Ar/* Ar {543 %) BE
6 ~9R, F1>40000, {H/5EZEA; 3. #RiiE, TE
AAE AR K R 1 7K B A M B X K %, HOHFAE 15 He/*He HI
A/ M 4 BB H 0.01 ~ 0.05R, #1 > 295. 5 ( Bumard
et al. , 1999); 4. B4L ¥ JIE $hoK , H 8 % He/*He F1%° Ar/
BArKE H 2.2 ~ 13.3Ra 1 287 ~ 359 (¥ N %, 2000;
Winckler ez al. , 2001). 7£ R/Ra-CAr/*Ar XZEB L (E2),
AR EBEESTEERTTIE(C) K MAK (ASW) FiHh
DB FEAA (M) JEE 2 (8], B4 K% CCSD A Jefkit & % =
JEH HIEHSTRAE(COE, MK RAMMERESH TES
A9  He/*He T $E300 08 370 i BBl . $ HIEB T EMNEEE
S SRR P B 0 B R R B B R Rk A P AR
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Ed: ASW- R KAIEHAUK; A-HABMKERE ST TAC X E
JEHK B (48 Winckler et al, 20015 ¥ ERI4E, 2001); M-y
PBFERIEE; C-AMRERAEE, AR S5E 1R,

Fig.2 “Ar/®Ar vs. R/Ra diagram of the quartz veins in the
CCSD and quartz crystals in the Donghai area.

ASW-air saturated water; A-submarine hydrothermal fluids of Rea Sea
and TAG in Mid-Atlantic ridge ( after Winckler et al, 2001; Zeng et
al. , 2001 ) ; M-mantle-derived fluids; C-crustal fluids. The sample

svmbols are same as Fig. .
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Fig.3 Depth (m) of the CCSD vs. $"*0(A), R/Ra(B)and “Ar/*Ar(C) of the CCSD quartz veins and

quartz crystals in the Donghai area.

HH%(2006) Xt CCSD 77 F bk R AR 18 K & IR 6
Bk 3D-5"°0 4 BHAT THFFL, R4 CCSD 4hJA |, AEERK
"0 HMERANE T " A, 5 FIZE 900m ~ 1500m HI
2700m HBARAEAE , Ti#E 1770m F14000m H B EMHE, fibfi]
RN CCSD AT A B BB RMrPai G EHME S K
SREKRETRERRMNK AR, WiA%EkeR T HE
BFEEFREN 850 Hl, B 38R, 7 CCSDO ~2000m i
B, AR K KT R G EE N R/Ra (2B) BRAFIHE &
Ah A 8 AR, H A Ar(2C) LLIETE 900 ~
1500m > /& 2B B T M8 %, Wi 1600m 245 FF i b 7+,
5 CCSD ARk EE 650 AR L (2A) 264, Rt
WAL F CCSD o HP-UHP A B H YA IR A 5° 0 Mg 45 R
(FKEHA%E,2004b)

T A% (2004a) 4% CCSD 100 ~ 2050m R4y 4 7 88
JG, HPE 6 Bit(1160 ~1600m) FEHIERHAKER A
REAR, P REEEESEEAKANE, Hby
8 KO BB 0% ARG 850 SEa el
ZRYIENA 60 F A ZPE B 80 7E 1000m 245 B H
BARME, ffTIA R 6 TR E R Moot IR & &
(NHEESH,2004) , ZER R RAEE SR KZRK/ ER
REARHL T IR, HSFECE R SEEEMY FRE T BERAK
K/ BT EAE ] (GRS, 2004a) . CCSD A EEkmixmE
£“ Ar/* Ar 7E 900 ~ 1500m [B|4G FF&, HBAZB AR HER
HEH KSR He, WS —MEIEEHFEEYG 5RIBAKE
HSESR A E R, CCSD AR5 HBAR °0
CAvFArFAEER, BRXEARKESREFEMERY, &
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BRIFTBBELEY, FRARAAENREEH, 2T
CCSD AEBKF A KA He/* He AR, HIRHATHER He
MY EEE R, ERERE TRES S5 E B R kLD
PR V4, FBOLES RS He Bf5 BB .

3.2 Ne BEGI¥&ER

AEREE Ne RN RABBBEAHER: KH
®Ne/ZNe %7 9.8, ?Ne/?Ne 37 0.029; JE 4 ( K FHR,) Ne i
PNe/2Ne F1% Ne/? Ne 4 8| H 13.5 ~ 14.0 F1 0.0305 ~
0.034, #10& Ne MR R A M 5 R4 Ne ML, Hub@ Fifk
B Ne/” Ne Fl 2Ne/Z Ne 435K 9.8 ~ 13.2 1 0.058 ~
0.068, MiHL7E 1 Ne f° Nes™ Ne F17 Ne/™ Ne 4 1 43 51 K
0~0.3F10.1~0.47( Hilton et al. , 2002 ), HAFREM
Ne RAARFIMELBE(E4). B4 a1, CCSD Ak
B SET KL R R 7K 52 597 N/ Ne H1” Ne/* Ne 25 1L
WARK, FEFBERSFHFTEACRI R, 17 AH 3 7 2 1 b8
Ne, PR RLHL0B Ne B 1L 2R T4 A B9 Ne/Z Ne 5 “Ne/” Ne
Z I IER Y, REAR KBTS 119 Ne FER B H#1%
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Fig.4 ”Ne/ZNe vs. ®Ne/*Ne diagram of the CCSD quartz
veins and quartz crystals in the Donghai area. The sample
symbols are same as Fig. 1. Modified after Hilton et al. ,

2002.
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TIHLI2 Xe f9'” Xe B THLTE, ™ Xe K THIFE, $'Xe/™ Xe

' Xe/'™® Xe 2 6] £ B I A 26 & % ( Thomas and Claude,
1982) , &5 AT L, CCSD Ak F AR B K A B S I 7
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Fig. 5 '"®Xe/"™Xe vs. ™ Xe/"™ Xe diagram of CCSD quartz
veins and crystals in Donghai area. The sample symbols are

same as Fig. 1. (Modified after Thomas and Claude, 1982).
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HEBBEL RN HP-UHP & A H 2 R R
BREEESE, XTHBBEE AR LM MK E(2004) 7
B i sL g SUNIEINEENE -$: k= Side b p i 2T i s pr e =2
AR EERERRFTEIBH A TRRESHERES
MZ A E— P-T R4 TERE, ENHFRE B EE
WA SRR L E B B R B R RS M B4 R 1 R R B
8, BeE T HP B[R A& UHP AR =Y); ME—R%
(2001 ) 42 X 6 A S Bk B B R 5 SR iR ZF #a it A TP
Bl BFTE(2005) FER R G B AR ZE Y |, 85 CCSD
PRMEE P AER M T UHP S AEFT RSB+ H
WMEELLMBRLR, MHRET AR EERETA
INEAE BRI WR A RIE . A K58 E CCSD A Zefk
RGBS SRR AL R o T FRIRIESE T/ bk ik 3¢
TRk (R FE B FEERBE I LA, OB IR A 3 B2y s TR A R
TRAAFN /> BRI K LR, , W3 08 00 A L IR, RO,
TR F I BT AR ART v 2 J5 3738 B R B s 7 ot B B 1 B
RAFERREE, EAHPEAR, 45 UHP 2 AR o,
BMER . SUAFE N L RKTYHEBEERE TR N
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W AR H,0 (Lu et al., 1997; Withers et al. , 1998;
AT, 2004), FSFETYEBITR BERR, BRER
Witk , Fat, UHP RO NS R G + 95 4/ R 8w
A+ AR/FOE REFEO + KA/ BEEIBAINET
+ T O/RBE A - AR/AE(HKTE, 2004), iR
AR KR ERERSHER T ERFED Si0, (Grevel
et al. , 2001) . 7EME T SiO, BERRYZE R ik i dh FARBAT
B S T RERT F B MBS 1 S5 B AL Bl , B IR M
RERET S SO, BikAMITEMAEKMER. TRR
KRS FK/ BRI T, IRE TH 5 HP-UHP H4 9
BIRSIEFK. MEHSERMCEHARE, REKEFHE
AEKBRTHRSRIZTHGTFERALOBERASED
R/Rafi®4h, HEFEBEMEL, REEN]S CCSD AHMK
BEEMMMHE, BEREEEAEIRBATEARENEA
2y,

ME 3 Af%1, CCSD AEKMFAEARX HEEHH
T8k &, B CCSD HP-UHP 274 p ikt B A R
R4Sy, YEF SN CCSD AR A FEAMB T YR ik
BRBHESARMGENEBMEBIESE T A (SR .
EXNHEREEIKE CCSD F I ST H WM b D2
HE? BARERITE. FHI5EF(2005) 3 A 50 1Lt X MR 2
B4 He R R AR IIE 2RI P EALR S 12 He,
MRS KH-FEMXNEEEL RS BRI
TSN, FLIREFAREM RS TRE .. B 5 %(2000)
FIFABEST R (TEM) X XS EM O RAOBES A Rad
BB ST TR, REZEEEEERERT 32Kn
ERRENMITIFE, INAEREE MM ER T, UHP
AOTHRGEAESN AT LUERFTER4, BRA]
A, HE-KHHEX UHP &40 W R E B AR LIHE,
B2 BB IR W ERTREH A Z X, CCSD
GREBREAFREZIMETENESR, BEHSE
BAEEMR O PHBEEN S EERR THIBEE,
il CCSDHP-UHP & 4 B HoA FE K 2 AR & 8 i ik o 55
SRR — N EIESE KB 958 b X % 2 5 B4R B0 s
AT RS RAERHGE, AEBERET, MBI LA
S, FNTERy kR ERSHIT.

5 &k

(1) CCSD Rk AR 5 K &4 He-Ar Xe Fl Ne Rl %
ARHBELEEAHPREACEEREERMATRRAEMK
SMAKA R, ARG FE A ik

(2)CCSD 900 ~ 1500m ¥ B i A4 35 Ak i ik L B A B
“Ar/* Ar #1580 F# T %, 5 HP-UHP A A4 W5 ¥ FE 628" 0
B 5 RARM I B A A A TEAR PR v Rl 5 KR %
KEEB AR K/ BN, GRKSET BEWRMLE
2 RFHE
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(3) Witk B iiE SR A . CCSD H A 3 fkF
K G e EAAMUNRE, ©IHEERR T HP-UHP
FHOAAERBITIR B P HE BRI ARG EE, B
HE S Ge G2 g 3, CCSD HP-UHP A A RHA
ek P B AR R St 08 I 4 4 D R 1 T AR X B ST R 1 0
MAHTIR SR . Mo, GRAR AR A R A BT R Rt
18 HP-UHP 21 "9l i i {5 Bl — B 55

Hogt b3 R N [ S e S 1] s L e e (R )
CCSD RAELBHG T T KN XHF, ZMBF B Atk {b
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