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Abstract Epidotes in Qinglongshan ultrahigh pressure metamorphic eclogites experienced four metamorphic stages: Early epidote-
amphibolite facies prograde metamorphic stage ( I ), coesite-eclogite facies stage ( II ), quartz-eclogite facies stages( I ) and late
amphobolite facies retrograde metamorphic stage (IV). Chemical compositions of the epidotes formed in stage [ are characterized by
the high Fe,O,contents (14,796 ~17.84% ) and X, (0. 413 ~0.486), and low Ca0 and Al,0;. Epidotes formed in stage II and III
show continuous compositional variation. The core which was mainly formed in stage I is relatively enriched in Fe ( Fe,0, =11.933 ~
12.993% , X,, =0.322 ~0.358) and depleted in CaO and Al,O,, while the rim which was mainly formed in stage Il shows relatively
low Fe concentration (Fe,0, =9. 628 ~10. 138% , X, =0.275 ~0.286) and high CaO and Al,O,contents. Epidotes formed in stage
IV possess similar chemical composition with those of stage I , and are characterized by high Fe, O, concentrations and X, (0. 433).
Compositional vanation of epidotes reflects the rapid subduction and exhumation process of Su-Lu ultrahigh pressure metamorphic belt.
Three kind of Fe** and Mg’ * bearing aqueous inclusions have been recognized in the epidote: high-salinity (22. 5 to slightly more than
23. 2wi% NaCl) inclusions, moderate to high salinity(12. 6 ~ 16. 0wt% NaCl) and medium salinity (6. 4 ~ 11. 7wt% NaCl) inclusions,
which were formed in stage [[ , I and IV respectively. Studies of fluid inclusions in epidotes confirm that no large scale penetrative
fluid flow occurred during the UHP metamorphism, and the metamorphic fluid expelled during exhumation of the Qinglongshan UHP
rocks flowed mainly at grain scale.

Key words Epidote, Chemical composition, Fluid inclusion, Eclogites, Qinglongshan, Su-Lu UHP belt
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Fe'* 4 B ra & F 69 NaCl Kk 6 K4k, & & & (22, 5wt%

NaCl £% X F 23. 2wt% NaCl) #9 K %5k 6 X AR & TA7 6 KA 2 AT RN, F & HZ(12.6 ~ 16. 0wt% NaCl) #9 K53 €L
ERBARTERBELRERGE, M P FEA(6.4~11.7 w%NaC) 9B R O XU ATAAEMEERAN &, BF BT
RECERGHRIETRHELRERBREHOWBTR T AR ALERABGEEER, ERAKGEHRT 5 45 hHA

BEH,
XA FWH; WEMRS; RO BEE, FLAL; REBZIETRFE
HEESHKS P588.348; P595; P578.956

REALTYR KK RNELET Y, HAERS TR
K7 EHATFEMREASR S, 0 F MBI HER
4 (Bird, et al, 2004) 53 1E i 72 ( Schmidt et al, 2004) |
WEEHNRESERBT KATEAIE (Klemd e al,
2004 ) R/ o HeAs i AE A i #2 ( Grapes et al, 2004) DL K5
B/ B B AE i3 7 (Enami et al, 2004) . 877 155
VERBENK BEELRETRFTALTYWHHE, R
eI ATE R TR ERLE, HEPEEREATY
T BB 0 JRAE AR B 14 (Klemd et al, 2004) , B X 4% 75
AETYAERSS FR S TER, X RT B
BHEERMET YRS ZENXR RESEANERS
B R KRS B A AR oK 183 A SR AE R A
ERTENIBEERTHRAEAEENE N, AXEEXN
FAASEFRLEARETRESTRE ALFESS RE TR
AR AT TR, IR S BET T i

1 HuH R S HEREFAE

FH A TR RR G FRRZ E N FE-K
S0 B R T AR RO B TR R R I R AR, LR A AR
HARBRBARY 20kn, FBEREERFAREAEEH
ERE R BRE BIA RS A ARNE KHEURARE
B 2 S o AR (R U 25 ,2002.2004) , B ILIERE A SR &
WRETFRKEFENBRA T, TEA AL EBES . BRE
ERHAZBHES GFaRAEEE S8TARSAX
g, EREANSEGRSTAREFARAM AR,
FNERERFRENEATHRUAHERETRMNER
TR n%E, B8 K BERE T HM b (Zhang et al, 1995;
Zhang et al, 2005a) , H R LA ELFRA HIIEERNE.
AR RE BESTORAN 0O KE - 11 1%, &40
H —15. 0%, BREAZFH ARG E 3D MK E - 120%0; KK
FEBAEATRZGHK "0 % - 10.8%0( Yui et al, 1995;
Zheng et al, 1998, 2003; Rumble, 1998, 2002; Zhang et al,
2005b) , ZE®k37 (2004) F§ SHRIMP B;: {15 2 I BB KA
RS B R4S A AR IR 8 227. 4 £3.5Ma,

WRESHIXAFTELUNSETARMAREES
(537 ~1,537 ~2) IS BT A BB (538 ~ 1,538 ~2) ,
BHEAHMERKITEL ~2em, KPS WA . BEA . 240A.
AR BHAST YR, EGEAREF A& TARA

EEGEA(E 1A) . RERTHESIOEN + BIEAH +
FHAZF+ LA+ BF O+ BRA+OX + ANA +
BKO s FAORER. E8EANETRAKONMANA
ARMBERERERL. EROAEZARKAOERER
BRI o

2 il Tl ik

T Y FIH B e P ER =T M b Bk b 225
FLETAY H A JXA ~ 8100 B8 FiR4H s/, s B N
15.0kV, RBEER N 3 x 10 ° A, B THER N 1.Opm,
FrFAARRE DEERR S ML Y. MiAEEEEHMNBASL
Fe2 I EREL 2% 7 B9 Linkam THMSG600 EI¥A #u & 52 &, Wl
BRTACITERER CO, LEBE MUK MERRHEETTTH
ERIE, (XEHEERO0. 1C, FERER<ISCT/ 54, M
AR SR F PR R R <2C/ 0 YRS RN B
AR EREHE<SC/48h, HIESHNEERA
Flincor ¥ {4 ( Brown, 1989) W & T fiA S B AN & Fh i B
EZH,

3 &GATALFERRIE

BRERERTEABERENAFBRERETF, B TH
BRIEFEBMIERMNI 2SN, - BERTT DR EE
BENLFEHE, KT EHMETEFE A RBE S P-
T i 5 (Enami et al, 2004) , H&HEHELTRBEEELHT
EART R PR TR W 5 2= 0948 FRVE R AR (TR 48,1996,
2005; Yeet al, 2002) ,RFEF R LB HELR SR T LM
RO ERES PR T aNEREREURMMERT
FHE , AT 8 G B LS 0 AR B,

IBE: W BHNEFAETHEBERETERFTA
HEPEaEARET KT AHCRRAZTLER. L
EHETEHE, BTFREGMEABEGAER ST WHKE.
BEE SRASHERBE(EIC, X 1), HILERMUE
B NHSE  Fe, 0,80 & B 1 15 14.796 ~ 17.84% , Tij CaO I
ALO, & B i, 4r % N 22.644 ~ 23.046% I 18.822 ~
20.898% ,X,, =0.413 ~0.486 (3 1) , Zhang et al(2005a) X}
ERUBREEREES TR OBARATR A NEER
MgO SERBS®HA. ANA RN BAE, LEES
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Tab 1 Electron probe analytical results of stage | epidotes and their residue minerals( % )
RRRD 537-1/38 537-1/39 537-1/40 537-1/49 537-1/52 537-1/41 537-1/42 537-1/43 537-1/45 537-1/50 537-1/13a
1 i Ep 1 BTt Ep TR By ¥ fuik VBBt Ep
alade Ep B F 4k Ep O B ol _Qu  mEEERE
Na, O 0.012 0.002 — 0.001 0.016 0.187 0.16 0.019 0.007 — —
K,0 — 0.013 0.022 0.024 — 15.41 8.357 0.041 — 0.007 -
AL O, 20.384 20. 191 20.898 20.998 18.822 14.914 18.939 16. 062 0.269 20. 255 20.282
S$i0, 37.304 37.425 37.408 37.528 36.808 62. 687 52.891 29.166 96.849 37.411 36.819
Ca0 22.747 23.046 22.644 18.879 22.852 1.79 3.506 0.173 0.383 22.493 22.931
MgO 0.001 — 0.08 0.087 0.053 2.972 7.582 20.732 0. 402 0.137 0.028
SrO — — — — — — — — — — —
Cr,0, 0.027 0.048 0.012 0 0.003 0.009 0.095 0.105 0.012 — —
TiO, 0.004 0.061 0.292 0.359 0.05 0.017 0.001 0.019 0.004 0. 596 0.097
Mn, 0O, 0.053 0. 096 0.25 0.057 0. 064 - 0.06 0.444 0.042 0.259 0.037
FeO 15.62 16.304 15.011 14.796 17.84 1.263 5.313 20.335 0.419 15. 649 15.561
Total 96.152 97.186 96.617 92.729 96. 508 99.249 96.904 87.096 98.387 96.807 95.755
X 0.433 0. 445 0.415 0.413 0.486 0.433 0.434

. B8R Fe, 0, , 240 Mn, 0, , X, = Fey,0;/(Fe, 0, + ALO; + Cr,0; + Mn,0,) Ep-B%5 A, Or-# K &, Bi- B = &, Chl- 28R A,

Qu-HH; ¥ —"RETHRMR;

¥ IMB-UMBRETERFIRINSHLER(%)
Table 2 FElectron probe analytical results of stage I and Il epidotes from Qinglongshan (% )
538- 538- 538- 537- 537- 537- 537- 537- 537- 537- 537- 537- 537- 537-  537-
o, 1/9 1/4 1/7 2/34 2/36 2/11  2/12 2/14  2/13  2/16 2735 2/15  2/17 2722 2/23
B Il BBt Ep MK E: Ep
o = =)
Ep BE&4 KW Ep Bigh Ep Bi& Ep M Ep 350875 Ep S50
BB Epmd& BE W Coedr HE
Na, O 0.031 0.029 0.047 0.02 0.02 0.024 0.021 0.032 - - 0.009 - 0.013 0.046 0.021
K,0 — 0.024 0.029 — — 0.01 0.014 0.009 0.012 0.01 0.015 0.008 0.016 0.004 —
Al O, 23.253 23.45 23.111 24.278 23.529 23.557 24.289 24.944 24.409 24.89 25.324 25.222 25.15 25.223 25.399
Si0, 37.892 37.558 37.567 37.966 38.002 37.441 37.664 37.775 37.299 38.303 38.475 37.842 38.307 38.227 38.066
Ca0 22.211 22.333 21.937 21.963 21.419 22.49 21.73 21.797 22.016 22.54 23.106 23.17 22.749 22 22.817
MgO 0.374 0.329 0.43 0.349 0.374 0.312 0.483 0.382 0.435 0.364 0.278 0.176 0.313 0.418 0.273
Sr0 0.132 0.191 0.074 0.412 0.767 — 0.081 0.053 0.237 — — — — — —
Cr, 0, — 0.021 0.1 0.009 — 0.033 0.018 0.073 0.012 — 0.024 0.07 — 0.061 0.003
TiO, 0.097 0.08 0.046 0.063 0.079 0.113 0.052 0.088 0.08 0.053 0.068 0.078 0.08 0.127 0.066
Mn, 0, 0.083 0.041 0.094 0.009 0.041 0.009 0.023 0.012 0.053 0.021 0.023 —  0.002 0.06 0.03
Fe, 05 12.997 12.016 12.387 11.562 11.933 11.542 11.177 10.57 10.63 10.239 10.138 9.855 9.844 9.852 9.628
Total 97.07 96.072 95.822 96.631 96.164 95.531 95.552 95.735 95.183 96.42 97.46 96.421 96.474 96.018 96.303
X, 0.358 0.338 0.347 0.322 0.336 0.328 0.315 0.297 0.303 0.291 0.286 0.280 0.281 0.280 0.275

#F: FHL2EH Fe, 0, , 245 5 Mn, 0, , X, = Fe,0,/(Fe,0; + AL O; +

KW ;

R A E  REGT ANEHETRERGBRS™Y,
Zhang et al(1995) 1 Enami et al(1993) 7ER H & H X BB
A R A P WiRE T RIBE T Y &, B B g v &
MY R T 6k F IR A AR AR L B o

B EL- M BBt . WA BIE MG T A Z 2R M,
HYHERORHEBMMaRBEREEULGELA . AR
A ZERAZBURE | MENRS A5 WaE, FFEM
T EE R RS SR A B A R A T8 €2 5 L 3R

Cr,0; + Mn,0;) ,Ep HBRA A, Coe HIAR, KP“—"FETF

#H(EIB), 5SE—MBMNFHT AN, X Fe SEIK, L%
B W R BB E AR, B A L T E
Fe 1L, Fe, O, B & B2 11.933 ~ 12.993% ,S10 & b
.4 0.074 ~0.767% , i CaO I Al O, g & B, 4> 5 K
21.419 ~ 22.333% F1 23.111 ~ 23.557% , X;, = 0.322 ~
0.358% ; J1#F Fe, O, )& B 1K, N 9. 628 ~ 10. 138% ,Ca0 Fl
ALO, & 83 4Bk 22.0 ~23. 17% F1 25. 15 ~25.399% ,
Xp. =0.275 ~0.286% (R 2) . @it LRI ELAR 73 T B 4R


http://www.cqvip.com

£ 000 http://www.cqvip.com|

EGE: FALRHELRBIEERT BHERS 5 R QEARKIE 2033
F3 HBRBSHRENEBTEBRBTRHSFHER(%)
Table 3  Electron probe analytical results of Qinglongshan epidotes with typical compositional zoning( % )
BRawE  537-2/23 5372724 5372725 5372/26  537-2/21 5372721 5372/28 5372729  5372/22
BBl R Ep B &1 ( BB Ep BY & &% &( DBYB) Ep BEghit ( I EYE:)
Na, O 0.021 0.022 0. 038 0. 044 0.031 0.187 0.021 0.011 0.046
K,0 — — — 0.016 — 0.073 0.001 0.015 0.004
AL O, 25.399 24.632 24. 155 23.458 23.488 23.942 24.535 24.871 25.223
5i0, 38.066 38.091 37.731 37.699 38.052 37.632 38.366 37.892 38,227
Ca0 22.817 22.2 21.823 21.621 20.996 21.95 22.112 22.377 22
MgO 0.273 0.367 0.362 0.388 0.456 0.299 0.383 0.336 0.418
510 — — 0.717 0. 506 0.738 0.6 0.014 0.044 —
Cr, 0, 0.003 0.033 0.003 0.003 — 0. 006 0. 006 — 0.061
TiO, 0. 066 0.099 0. 086 0.087 0.032 0.078 0. 095 0.093 0.127
Mn, 0, 0.03 0.069 0.064 0.005 0.064 0.016 0.021 0.039 0.06
FeO 9.628 10. 531 11.153 12.113 12.301 10.71 10.611 10.077 9.852
Total 96. 303 96. 044 96. 132 95.94 96. 158 95. 493 96. 165 95.755 96.018
X, 0.275 0.299 0.315 0.340 0.343 0.309 0.302 0.288 0.280

. BRLEN Fe, 04 R W) Mn, 0, ,X;, = F3203/( F3203 + A1203 + Cr,0; + Mn203) ,Ep ARHAH, TP —"/%ﬂ‘&:ﬂﬁiﬂﬂlﬁ;

0.4
L —— XFfe
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Fig. 2 Compositional zoning of epidote prophyroblast

FORBEH THEGLE2T EF,0 WS EBEHRITH
9.628% — ¥ 12.301% — J1 EB Y 9. 852% , ifij CaO FI
ALO, f9 & B m 31 30 80 22.817% F1 25.399% — ¥ 35 4

20. 996% 1 23. 458% — A1 H £ 22. 377% F1 25. 223% , X, th
HIEB M 0.275 > L EBE X, = 0.343 > WM X,, =0.28
(E2,%3),

FHEM ORI AEBRBORH G RBOANRER
REREF &M TREFENT Y, Zhang et al (1992,1995,
2005) \Hirajima et al(1992) #1 Enami et al(2004)7EH B 11 &
T IR B LT DX o TR R A0 4 A R R BN s
AEBR, HEAFTFRLSHAENEF AR TFEEEER
WY, Zhang et al(2005a) AN F R ILBHESRERZ G
I TURBRTYHERRANG + RREFTH + BRA
+EE + AR+ AA CPFAEANOT) N aEEE
EAZEBRVE R, R B S e I RV R B O — R T R AR
BT BB, AN A BTSN AR A dk sk K
HFFAE( Cong et al,1996) , WLPR Y BRAVARAT A X LAKE F A% AL
Sy Koy T (BT A SR FeO S B (BEH
15 12.993% ) B TR EZE RE 8, B2 0 Hr&IE R s
A, A FeO & BRI (BARFTA 9. 628% )X F&
PR A MR B IR T AT T E SR8
FE2E Jie 2 3 0 SRR A M I T R R B

VB : BN S G440 FRL LN BSF A&
B EE PR UK MAL TEFT AR, FERRREN
OF, ZENEHE(E 1D), HA¥Ma SR, dl
BE Fe,0, HIFLE, 8K 15.561 ~ 15. 649% ,Ca0 i 22. 493
~22.931%, Al 0,2} 20.255 ~20.282% ,X,. = 0.43(F% 2),
# Zhang et al(2005a) BF 5T, A RBE A EFRERZEHT R
IR EERAXEH T ANAHRERER, GG 825
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ABRKA HBROKERS B, EROEAK A MRT
AR, B B S AT T M N S AR AR B R L

4 FUAPREERTIE

BAAY U TEFHBEENG T, KPR FE R R
IR R A SR BOR AR R R 0 BB 4 (Klemd et al, 2004) , 5
WO BT B A PR A AR AR B M TR K N i R R
RAEEEN., AXEEMHE ISR EERBESRT
ATRIREAEEHAT TR, RIBERECBREET YT
BERATHE f¥BS R SHET I PR EaE &g
Mk, RAGHFAFHRECEE] N =2,

A BERE MK AR LUEAE H,0 + 548 H,0(4&
B <5%)hE, FESAT T BHE- M B 7 A B8,
EBZARKREREFHNAR, T35 20 x 40pm, HAHF 175
WAMbM(E IE), K24 KBER -63.2 ~ -43.0C,
VIR R -30.0 ~ —39.0C, BN K, HiE
NaCl + MgCl, + H, O 5§, NaCl + FeCl, + H,0 (K & ( S5 &4,
2004), ERFAFHHEAEELEHIBRERLGHE
£ NaCl + MgCl, + H,0 {h & 5 NaCl + FeClL, + H,0 (A&, Hih
TR BN, K EHE L REREERNE, T E
F T, 55— F wi% NaCl SRR R+,

HREEFKEREMR, M T -23.0~ -15.8C, 15
BER-21.4 ~ -20.2C, B/5 MK, HIMEEE R
19.3wi% NaCl & B§ K T 23.2wt% NaCl*, & ¥ b & K
22. 5wt% NaCl ZEBE KT 23. 2wi% NaCl,

SEFAEEEERNH—RE R 166.3 ~248. 5°C , i&{HiR
R 180 ~220°C (8 3A, B); HHR &Y JAE%E R 1.000 ~
1.075g/em’,

EHEREEREESNERETAFHEEaTE ZKHR
ARMBER A PREICL BER 270 85 3L KA
B HEESGFaPHREE KRB EED, BE
VIR R - 53.0 ~ —48.0C , 3 BU#Y NaCl + CaCl, + H,0
P F CBH%,2005)

B R K AR AR M H,0+ <4 H,0
(R <5% ) fdid M G2 AR, EK BRI S 8
R KBETETA bWy (EIF), EEZLH T IR
B-NIKBSFARSEAT. WEGEEMEREN -39.0
~ =22.0C,A[fE & Mg** Fe** % 4 J& FH# F 49 NaCl-H,0
B, HvKEBER-14.0 ~ -9.0C, #HHH 12.9 ~
17. 8wt% NaCl; pK S IS(EEBE R - 11.0 ~ -9.0°C , MR Ak
R 12. 6 ~ 16. 0wt% NaCl; ¥—iBH # 147.0 ~231.0C, K
WA B R — IR B I {E 3 180 ~240°C ([ 3A, C) , AHM
MIFIEEE N 0.947 ~ 1. 044g/em’ , TERT AR BIBEK A
Bk RFEE 2R A OB R (B 5% ,2005)

CHELFHKEREREE: FHAMEHO0+5MHO0
(FB <5% ) A EBRER L, FESH THAREN
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VO REBRNETARGERRGT AT, HECEEER
BN AT , @A WA R E (E 16) . HyaRE
FE-35.0~ —21.0C, AT HETE NaCl-H, O I b & Mg .
Fe’" S BHE . HIKSEEN-8.0~ -4.0C,#HEH
6.4 ~11.7 wi% NaCl, JK S IEERE R -7.0 ~ —4.0C 485
HIELEE R 6.4 ~ 10. 5wi% NaCl; S I B IR —B
A 156.0 ~219.0°C ,i%{H 7 F 180 ~ 220°C ([ 3A, D), ik
FHE R 0.917 ~0.973g/cm’ , FELRT 41 BE & 40 41 SE £ A L
BAXPEEEIOLR ERUBRIFARLKCEE, H
MBEETEELEFE -20.0 ~ - 25.0C, HiERH
NaCl + H,O{k %,

HAMEGSE (2005) EHF RSN ERGEFELR
WAEHERN 0.2 ~3.3wi% NaCl KEEEKBEBREEE, &
FTORSTREPHTRIERAMBEEANECET UEEN
8B40 8 TH YRR/, AL PR IAE 7317 R
RaEE, FlEEsgs 0P BB =/ KK
ERAOEE AR ENEET Yo ERERY 96K 5%
KO%HHE RZH, I ATELE Giaramita et al(1994) AR
) H 78, 8B R AR B A S TR 3 B P R FEE R
MBI FRIRER, MEMES EER T 9 R IRBRITEE,
BFEARKCEEPERHEFRS 5RABaRSy I+
KR aEENEFITTRREH THRESEVYET AR
BT MR,

H RS R E I F S CO, .CH, F AN ik
A BE{E , Klemd et al (1994) K Gao et al(2001) Xt ¥ #E & H9BF
RAAGTALTYER TEEMMN X WESFT. X5
Poli et al(1998) B LI L5 R 2 —F A, T Boundy et al
(2002) N A HREE A B R T Xeo IR B T CO, 4 433
A B EAAS T e A B L KB R E, BT L&
AP YHE S BARTEMELLE,

5 &kiihfeERa Skt

Zhang et al (2005a) Xt 1 (L A8 B FEAC R HE A I R
BT TS AR SR R AL S BT 43 2 AN B R
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Fig. 3 Histograms for freezing and homogenization temperatures of aqueous inclusions with different salinities in epidotes.

A-freezing temperatures, B-, C-, D-homogenization temperatures of high-salinity, moderate-high-salinity, medium-salinity aqueous inclusions.
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Fig. 4
inclusions ( modified after Zhang et al, 2005)

I Ep-, Il Ep-, Il Ep-, IV Ep-epidote formed in I , T, M, IV
stage. HI-, MHI-, MIl-the isochron range of high - salinity,

moderate — high - salinity, medium - salinity aqueous inclusions in

The P-T path of epidote and the isochron of aqueous

epidote. AM-amphibolite facies. EA-epidote amphibolite facies.
EC-eclogite facies. GN-Granulite facies. GS-greenschist facies.

GL-glaucophane schist facies.
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