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Mass transfer and microtexture of retrograded Qinglongshan eclogite:
evidence of fluid activity

YANG Tian_nan', XU Wen_hua2 and CHEN Fang_yuan'
(1. Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China; 2. No. 3 Party of Geological Survey,

Hebei Bureau of Geology and Mineral Resources, Zhangjiakou 075000, China)

Abstract: The eclogites in Southern Sulu ultrahigh pressure metamorphic (UHPM) terrene show very different
retrograded microtextures from the corresponding rocks in Northern Sulu, implying different thermal processes.
Scanning electron and optical microscope observations indicate that the primary peak assemblage is anhydrous,
composed of Grt + Ompl + Ky + Rt (+ Coe). These peak minerals were replaced by the second and third
stage minerals, resulting in pseudomorphic symplectite or coronas through the process of Omp [ =0Omp II+ Ab
+ Fe_oxide symplectite (type [ ), Rt =Rt+ Ilm, Ky =»Pg; Omp Il (+ Ab+ Fe_oxide) =Hb (+ Pl+ Fe_oxide)
(type II), and Grt #Prg+ Fe_oxide. In contrast, epidote and quartz were formed at a very late stage as a result

of fluid activity along micro_fractures. Mineral chemistry and mass_balance estimation demonstrate that the
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pseudomorphic textures were developed by metasomatism involving dissolution and precipitation that were inten-
sified by fluids along the grain boundary. The formation of symplectite by replacing primary omphacite would
evidently produce extra Fe, Mg and Na but consume Ca and Si. The extra Mg and Fe ( diffused to garnet
grains) triggered an interexchange of (Mg, Fe) - Ca of the garnet, resulting in compositional zonation with Ca
decreasing towards the edge of garnet grains w here the expelled Ca was consumed during symplectite formation.
The replacement of kyanite by paragonite consumed the extra Na. At the later stage when more aqueous fluid in-
truded into the eclogite, fluid infiltration partially converted Symplectite [ to Symplectite I, and a film of par
gasite resorbed a garnet from its boundary. Mass balance estimation suggests that the transformation and resorp-
tion might have been coupled qualitatively. p_T' conditions based on mineral reactions and THERM OCALC soft-
ware suggesl that the retrogression of the eclogite occurred under HP conditions. T he difference in p T path be
tween the Southern and Northern Sulu eclogites suggests the existence of different exhumation histories within
the Sulu terrene.
Key words: micro_texture; retrogression; mass transfer; fluid activity; p T path; eclogite; Southern Sulu
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Fig. 1 Geological map of the Sulu region
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the figure up right shows a fold of eclogite_facies foliation
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Fig. 3 Photomicrographs showing parageneses and microtexture of the Qinglongshan retrograded eclogite
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a—an over view of microtexture, plane light: b —coronal symplectite occurring along the boundary between two adjacent omphacite grains,

assuming a nelwork pattern, plane light: ¢ —mineral assemblage and arrangement of the coronal symplectite, reflection plane light:

(d) symplectite I, reflection plane light
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Fig. 4 Back_scattering electron images ( BSE) showing parageneses and microtexture of the Qinglongshan retrograded eclogite
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a—an over view of the microtexture; b —compositional domains set in an epidote matrix, with microanalytical spots shown; ¢ —omphacite

(Cpxl) grains with symplectized rim and garnet enclosed within epidote; d —subhedral epidote grains in preferred orientation at a large

angle with the eclogite_facies foliation, cutting through a symplectite after omphacite
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Fig. 5 Back_scattering electron images ( BSE) showing parageneses and microtexture of the Qinglongshan retrograded eclogite
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a—a mica flake enclosing omphacite and garnet pieces within an omphacite_rich layer, note the shape_readjustment of albeit and amphiboles of the
adjacent symplectite; b —fine myrmekitic or fingerlike clinopyroxene set in plagioclase matrix, forming a coronal symplectite | ., which is divided in-
to two parts by a chain of minor equi_granular Feoxide; ¢ —equigranular Fe_oxide grains in a necklace texture, dividing the symplectite Il into
elongated domains; d —a transition from symplectite [ to symplectite 11, show ing very remarkable abrupt change in grain size of the Fe_M g mineral;

e and { —ilmenite partially replacing primary rutile, forming rutile+ ilmenite symplectite
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Fig. 6  Compositional zonation of garnet grains
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]ayer. with ulll}r lwo zones
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Fig. 7 Composition of clinopyroxene and plagioclase
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MR Leake 55( 1997) (120205 %, Ji i 1T+
(0t R A mT 43 b 3 2 4 0 45 g R Ak ot £ A
Ao 5 AR AT Dk AR DA A B8 A TN Ak R
AP SRS RANAR S K- SANNPEER LY o DA RS k- -
BREVININ A (WL 8) .
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A, HEar R py AP R IS 5 A 1 4%
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For the analytical locations, see Fig. 4b

Ca0 \ALO3 Al MsO (< 0. 2%). HA bW Ak
86% (M7 1) .

4 BRI AL
4.1 REZFLESWAZEEN
5 e A B AR AR I La 0 9 1k 4, o nT LA
AR 22 JO Y- 1887 T D A BB AR A G R 8 S 1) i 43 i
B, 550 F G Gresens( 1967) & Grant( 1986) [ J5
FEE
AR FR P B 2 28 AL ] I8 -
M= M+ [1]
Horb MBS 1 Ay e, MO AR MR
YIRSy A, 1 A A R AR A T R
SETLER @, LA
M= M+ AM; [2]
MR HIEMICHE | EEUR I R & AT A
1o, W) AM ;= 0, 80 M= MY, WAL M ox M°, 15
CiiM°= CYm, & Ci/C%= MM [3]
Horp ¢ AR Ie i MIRIE, ¢ oo#i R
PP R . X TAE AR, MO M BAT AN
fH .
1E C ~ C° Mskrrh, Jr AR 3] Ak 4% ik AL bR S
M E 2k, ¥ e o0 it 5 25 L 26 ((isocon line) ( Grant,
1986) . Jii i 25 b £k 73 #T (isocon analysis) 0] LA g P
TG R R e 2T . oo j, W
R M;> 0, HARKR( C;, CF) 3 s K A% 1 o 25 L 2
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J A L il e A1 3 AN B O SREUITIE T
FOEBR LT WP kg, @ % Lk AR Al
VO ELAAARR R P 1 AR R, JF B T LA AR AR
Fh; QMR BE S, 1 R SR L .

e AR S Ok B OB R &5 0 . 0T
PR AT 1) el PR AR ST B i, B R A R T 3R (1)
W SRR R A I L S B H R A
MO V) (AR B3 %G 32 H] Holland and Pow-
ell ((1998) 1t % & s ( MR i O3 20 73 25 B 9 4iF ) R 44

T RO SO R 20 G AR S K S ) R TR
S5 SR(TR  EO) BEAT INBCT- 8, dw 23R MRS h %
TUHE MR IE o %5 T3 A0 1 A B0 RV A 1 A A
A1, TR R 5 T A, R
45 R HAERAERH N T R .

TER W) S N Rt v, ALAEAE AT A . Wi S0

L R ANE e g e S R e I R R R
Moy 3 R TT S AT RV AS S, AR TH R L A s BN

R, AL BT B B, D, % AL 8 AN EH oo
=, It dn IJIJI’i gEAELL LR .
4.2 HELY
4.2.1 f'{kﬁ:fnhkn HIT

Si0, CaO fALFR s HPRS AL T it B S5 EE 26 7,
M FeOr NayO MgO 2 5 LE 2k T U7, g7 el R 4
Jei A AT e el B rh AR 3R EX /D & Si (Ca, 17
SRFAE Fe Na Mg( & Ia) .
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Fig. 11 lsocon analytical results

4.2.2  bARAES A SN AR

S BB it TUHp Ay DA A e oy 22 A0 (B 8 \9) I
1, MCERARERE AT 1) A3 DN A T 2 A A S 1 . IR 3
T AN N A oy S S R A AT 0 b, e —
ANEAT s i) Si0, & &, AR S A 5L U JE i) £ A
A5 51— N BATEAGK Si0, 5, AR A N A4 54

JEI Ay o TR A B2k o B Wi, TR A1), 75 ot
F I ALBRBE 2300 A 76 i i 45 L 2R B, $R/R U R AT
B, 00T fig A Ah 738 U /D 5 FeO (HL0 BR
A8y, A SR B MgO( B 11b, K {ak4 K23
FIFS) o AR AR I3, R A 18 A I A 4K T
HRFARAIE R Y Si0, .CaO N ayO, 1 M Ah 5 35 L8
5y FeO, MgO [T 8 B A6 ] Zmg ASvh (B 11b,
Lk 5 KBTS .
4.2.3 kA rMmNAE

ST RCT A AR A P S A 28 B v 1) A7 TN A B
T3RE NayO 5 OH b, 55 40 5 He A B AT B 43 48
(B e, KES&, 2055 5) , HeAb i R b P AR 1 & A
FeO LM Bk M AE N Arb (B 5a) . 4
WA 5 i B A i fih B, A R 1R T I A K
FEX & OH Si02 Na,0 MgO /% CaO, [R I JE i 4
FeO, & [FFE LA L XA FAaWNAa T (E
e, MESK, mEUTS) .

LR R, A RA S R RA
R R IR, R A S B RPRE A ) AR DN A R R
AFAE A ( ELAD) .

5 IBARFUS R ET Y S N T REY
iR

FEEAR VAR A B i A2 o A i b S AR A sk
FIA™ 4 )2 %7 ( Sederholm, 1916) ( ¥ 51 H Johnson
and Carlson, 1990) . X6 W5 H) W™ W4k 2445 5 DA
B3y SRS AN S0 1 HE - AR AR O b (R ) S
J\‘ffttf” THfiE.
5.1 TBRIKEFKRE &R
5B ARAR S 1A i T WA O I A AE /N 45 0 F
O L, SRS A i 2 SR T 5 AN AH 40 4
i‘f’“?ﬁfﬂﬁhlﬂ M HJJkI“JIJﬂ('U\ )T C’fli %fﬂ/“ [‘ B

,I‘IJL%SfL‘f»{GfI”J, & %J:k J\Eﬂﬂ Z"?‘H&“fkﬁ'ﬁ
AT Je A it A R B R A e ) A ) f
TRPEAC, WEF & &THE, 1 Ae & RORFFRRE; 7
b, Fs BRAR, B MEA1( En+y Wo) ;. @YEY T i
Jy D, el RS A R Si0, (CaO0, 77 E 2 R
FeOr MgO NayO, AN Hl, 75 A7 A% A B0kE o 5 3k
130 12278 X FRAR Xy Xpe T i [R50 R

T TR i 53 N DA R el IR AR S A
i PR T il
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Nay0*A,03°4S10,+ 2510, »2NaAlSi305 (1)
(Omp ' Jd) (Ab)
NazO‘A1203‘4Si02+ 2F80‘2Si02 - (2]
(Omp * Jd) (Omp P Fs)
2NaAISi303+ 2Fe0
(Ab)
Na,0+A1,03°4510,+ CaO*Mg0O+25i0; — (3)
(Omp 1 Jd) (Omp 1 Dio)
2NaAlSi308+ CaO+ MgO
(Ab)
2(Nay0*Al,0524Si0,) + Ca0 — (4)
(Omp * Jd)
ZNHAlSi303+ NazO+ CaAleizOg
(Ab) (An)

JNE( 1) FESP K Si00; [N ( 4) 75 240K Ca0, H™
A AR NaxO; RN 2) TR & B M 4l 4
SRS 3) P AT MgO .

FEALE b, el R AR 1 8 1 1 5 P I R — 4k 2%
89 192546 AH E( Rubie, 1990) . %135 J8 1L [0
M55, S el R A G A it AH G 1R A 272 38 0] i AL PR I
MARA EaAabl L&A . A IR
JECo Aty BEVRGRRE A1 0 6] BE A7 ZE 3R A7, {H B A 217y
FHBAT S L E A RITAER AR IR LS
SRR PR EFEI TN, AR
AU SRR AT A I T R, S AR Ca
i3 i Mg Fe A27 38 E45 T A A B Ca
(Mg, Fe) &5 178 3, &1 1) 15 Ca BRAK 1) BR 23 26
5o RS R A B I BB B RS A
B IR .

AT FFAS e i 2 BN FE 1 el IR AR G A
AP A IR Na, HEW AT 82 06 5 A, H 5 Sio, 454,
T W 25 B

3A1,Si0s+ 3Si0,+ Na,0+ 2H,0 -
NapAly[ SigAl,02] (OH) 4
KSR KR
AR 2 PR A B, AR VB BB A AR R N AT e A —
Tl A 7 i 1l o oA 3. 36 o B AL A 1 9 TR A Ak
Sy b e A A A A OR300 8 R P S P B
AR A RN A

JRAE S L 2 0 BT O o, Ja A i 1R £R I A 4
FAAE R SiCa Na, HASFE Fe . 1 77 4E (13X 2649 Ji
RFBA ARG A 10 A0 N A AR FE, o el 4 R AN
IV

Omp I+ Fe+ H20 »Amp+ Si+ Ca+ Na

()

5.2

(6)

& 23 4%
Grt+ H;04 Si+ Cat+ Na—Prg+ Fe (7
TR I 1) 1 DA A B T e B w28 s
Grt+ H,0+ Na—Prg+ Fe (8)

6 i it

6.1 W

W IRES S WAL B W g3 43 i BA
Koy R Al B 2 B, (LR R S ) R A T T
WA AT ARV ( micro_metasomatism) S I, 175 2 Ff
FLTF 3 [ B2 B
6. 1.1 Japs itk

IR 4 4 K 5 By AR AR RAHE T T 4 B
AN BER BEAREE AT A Fe Ca Mg Si S I0HE T
LA, T HOX eI 5 04 W R A A AH ARSI (] . 4

TINE RO o B VIR Th BT B 28 2 s
TH AT ) S TR DT R TR AL DT AL R T TR T AR T

WS, SARA A Ca( Mg+ Fe) 85 7A8H, TEHH
LT Ca BRARKI L3071 o [N, B 7484 421 Ca
IERS B R4 JORE A, 55 08 20 1 R AR RN, T K
A B KALLRE AR Na. X 448 b 3R 1,
FREE ) 6 2T R ] T el R AR i 1B o8 1) T AR
B AR, ST R HE I B AT R AT AR A Y
(FRE™ A (XA 5™ HCE 4 S L (R R 1) L 3R
B JeE DR A T o A o 11 T 1 e ;52 1 #% A R ( nucle-
ation_controlled) 1fi1 AF 4 i F H 2 il ( diffusion_con-
trolled) .

ERAEALY 10 T8 1l LA B 1% 53 3T B8 A 51 25 B R,
JNE( 2) 42 il 6 R AR ST A TG . %RV ]
NS AR AL g 3 AN AN R AH, X 4k
2553 1 IV ( eutectoid decomposition) ( Boland and Ot-
ten, 1985) (U%F . AN, IX—ILER Ml I NE )
A% AE ¥ 6l T b RAR G & I . IE X —
NP Fe Mg i &g M4 FLAT 1 1) Fe Mg 1k
A AT FLAT B B 8 T ) A R A UKL, 91k
(Fe, Mg)_Ca B 1A . 1% N Bl 430 47 N 38 T
JRRFRORL I FE, R T I0 30T, (et RN (1) «(4)
Pk L AR, bR AR S A S T 51 s X
R, IG5 93 fiff BN I\ e A ROURE I 8 I 4R, I 1) 9
AT R, MR AFAE T UKL 3 R SR s R T %
SO AL T FE A 56 AR A [ T B R N ( Rubie,
1986) , 2875 HE M 3 ¥ A BORL I 7747 5 /> 35 Kt
i, EBHE A AEH . B2 BRI B EDE 13X B
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HED . [RINY, W ORI SRR 1 T R YT O B
RN Z Y
6.1.2 UAKIZIE SN

PO RS Ah SE 4 R R, W AR S A S A R
LR, P AR ) A AR By b R AT AR
(coupled) . FLAKI 5, 4148 A1 (19 ff1 N A 40 S 1 &
AP A7 TN A7 A6 B HL Si (Ca N, 111 )i 4 A\ BT 2 F D
W Fe. R0 5r ZEALEF KRR, WARS I8 N
T KA I R e i ) 2
metasomatism) .
6.2 MEKAE

T e (LR Y T R B B AR AR
W), R AR T F JF B I8 B . SR AR A
G ATt L4t FLR AR O W) S N BL i B ot R
VR DUV 1) 2 T AL 2, 1 AN A& W L 1) [ ] e
o 3X AR E TR AR O R R S AN R IZ

FH e FH el 1 3 —‘i;I‘J'JH ‘i""i
IAN 1 R (FN=E S

=id |
6.2.1 AHHEY HOEH( mlerdiffuv.i(m coefficient rate)

WARHIER W (A AR A) B X e R
[RIaa ™ ] T A 2 rr'?a.?%%J A T R 30 LR
S5 2 BT T A I 1) RGP, A T AR 4R J&&ﬁ[ﬂ'ﬂ'ﬁ
JCEAH0E A ( Ayres and Vance, 1997) . TR #h £
A TG E T OR8] 1) 56 Fr CAT B 2 1R 5K
0K ( Elphick et al., 1985; Loomis et al., 1985;
Ganguly et al., 1998; Ayres and Vance, 1997), iz J{]
XL E A v LAHERT 0 2= O U AR .

7 1 LB AR TR A ) A R A A T A
SRERAE, DAZ T B30 5B, Ca ELEPRK, Mg+ Fe iE4E
THis, T Mg/ Fe (AN, S RS T2 HORAT

B2 70 28 3 HOE A 1 — AN S HUE I ) R
B . BEFEACEW NG B W R, I B e e Ay
AW 3148 SR IR AR 24 4y 240 Ma( Li et al., 1993; Okay
et al., 1993; Hacker et al., 1998) . #zift, Li %
(2003) $IE 74571 At I‘YJ“UAH”F‘QAI FER R, R
L o 5 DR S 1 AR DA S A R AR IR AR
213.110. 3 Ma(“Ax/ PAxr 75, N A), 10T L

S8 Ja A A AR I PR 27 Ma, 2% 8 3 6 Y]
A T A 2 S 58— BN T) LA K A3 DA A 1) 3 D il 24
500 C( Lee, 2000), Ji7 1% A il 9 A2 A B PR 2N
20 Ma. ¥ A4 b RO A R A 1 e KORL A2
290.5 mm, B TARE A BURL N 8 R 2 B A AN A AE AR
SE ML, HY HOER N KT 0.5 mm, ROy #CE
#2091 mm, WM HEEH L 158 % 107 7 em®ss™!

2 AS AR S W ( miero_

(1.58x 10” *'m?es™ 1y,
6.2.2 YO S G

BT HA AR A 4 % )8 Fe Mg Fe Mn
o Mg Mn 224t Ghent, 1988; O’ Brien, 1997), 41 ¥
fil Ca(Mg, Fe) B TAMMMIIZHIEAL .
ISRt T A AT A Ca(Mg, Fe) B T4
Wt ) 2728085 ( Freer and Edwards, 1999) , %4k
N [ IR AE 600~ 700 CZ[A][ M4 Freer
and Edw ards( 1999) [F140d4] . A EEszG g5 3, # 8 1

RN AR AT P B T O RS IR Hﬂ pﬁz
AP KW A o] e Al O e 12 AN ER

XA EE R A A WG &, W e LR A«'Mf
BT R W R R AR A B T Rk A 4

IR AR T BE R 1L 800 CIf b I £ b [ U] -+ 43 5
JW(Enami et al., 1993, Wang et al.,
Hirajima, 2000) .

s e T ==l A = Mt = R AR E
U, Z. J JIlJJ&I_IlIIIJI/H)u‘JHJ 1)

(1) F1( 5) 1% P9 4> o 'J‘“LIJM?;I,JEIW Y
I ] CLF Al 5 s, e RO (5) T e S R JE
il: Jd+ Ky+ H,0 =Prg. Holland (1979, 1980) iffi it
SEES AR T IX AN e v, e N 2 TP 12 .
Y45 I 2 A8 S AL P R 20 4 1. 8~ 2.0 GPa, /54
J3 650 C, 59 s 2 i o i B A A — 2.
6.2.4  HARIBIEAAR RN IR 4 1

Nakamura and

500 600 700 800 900

o1z S B A B p - T S
Fig. 12 p- T diagram of peak and retrograde stage
metdmurplmm of the Qinglongshan eclogites
U MR A5 Liou 55 1995) 3 48 A F 41 Spear ( 1993) ; fl A7 95
B £k W Bohlen and Boettcher( 1982); Jd+ Qtz Jd+ Ky+ %
AT JdS0+ Ky+ 4 2258 e i £E % Holland( 1979, 1980)
(1995): p_T boundaries

p_T stabilities of coesite

p_T area of the peak stage after Liou et al.

of metamorphic facies after Spear ( 1993);

( Bohlen and Boettcher, 1982), Jd+ Qtz, Jd+ Ky+ V. Jd50+ Ky+
V after Holland({ 1979, 1980)
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v,

#

A I
o2

023 %

BEAR AR IR AR Jit I R rh AT IA B AT 1, H
TR I oy 30 1 1087 30 A2 25 oy 3 B 1), R 0 e 76 AT A A
MAEMTSOL T . BUefE R B AR A+ EWNA
+ RHC A ) Tk Bk 2 -1, AR5 08 A AR BN (1)
U4 AE I ) THERMOCAL %A% (version 3. 1)
(Powell and Holland, 1998) 157, 45 4t J&: 1= 586 &
70C, p=1.21 GPa.

WA 5 18 O A7 5 15 B T B il 3 2 (cooling
ratio) ( Dodson and Ghent, 1973; Ghent, 1988; O’
Brien, 1997) . HR4E*Ar/ ¥ Ar £ FH4 U Iy 2F 0T
G, BRI A5( 1992) 45 t, 9588 v Tl 75 220~ 200
Ma [A] (A R K20 5.5 °C/ Ma, 1% ¥ H13 %6}
IETA A A P T O B L D 550 CL AR
Lasaga( 1977) 44 5% 750 C[ AR #i5 Elphick( 1981)
PIECHE ] o 00 S AR 8 8 A AR RO IR BE 4% A
(586 C) Lbg—% .

stes o e LTI 1] T e s Al
i L I o B O S R PP R S e 7 O )

P T M Ly AR R A AR T 55 i B
f1 N A AHIRES
6.3 MNBSETRMRERIEARHEY

5 RS A S S B R B p T
R S AL B B R JE O (5 IR WA v 9 AN L ( Wang
et al., 1996; Nakamura and Hirajima, 2000) . i&Eh%
XA B Dt R R GEAT AN Org 956 UHPM iR
WA 8 30 S W I e o B (T A5 i B s B B AT
ek Rk, EF BN TG, W g T 5
AR 38 AR P, B B A AT id 3%, 24 UHPM # A
FEh TFHSE( RS 1.2 GPa) I, K& &K ik
BENRHE S, AL ARRE 25 v5 ), 3l 38 A% S5 6 1 35 (I 1)
WEZ&AE . 4, b &R A B AT A e 2 [H
[ p_T S0, SRl s Fe a7y — AN 44k, Hn|
IRIEFE AT REAN—FF . 1% i) T AE A VAN IR AR T
WA e T AR .
6.4 BEEHEIRIERK ELIHR

AR A€ R WS4 e Yui et al., 1995;
Theno ot al

Yy
15/

..... 1995; Rumble and Yui, 1998), A [H]
TR WL 5% UL R o3 3T B A B R, 7R R L R
T 5 T A% TG AT K S K AR N . A B4 )
R (3 b e 30 3R A L AT AR Rl s 2 ) L i
HA5 A0 ) e A B B AT AR N, ] B35 KA 40 an £
DAVEINS PRV & iRz N TR S (e Y S i/ F U1
Rila) G2 T A%, smAL 709 S M i) &R . AR X RD
WA, SR R ARG PAZ AR

R

M AL B AL O b W T R A
SECL Rl i 4 A v 55, 6 J Ll R o 11 3R AR
AR AR 458

(1) WAL FRAT: Grtl+ Ompl+ Ky+ R,
Grt II+ Omp [I+ Ab+ Fe Oxides+ Prg+ Ep, Amp+
Pl+ Ep, Qtz+ Agt.

(2) N VRN &2 KEICE
LRSI 5 30AE A8 5OV ( micro_metasomatism) , 1] A &
TEL DNk PR [ S R

(3) B AR SR AR IO R () p T Bk
VAT sl S5 i B TR B B, AT AS ] AE 9 s X
(TR S, T 7 V99 s X oy T 0 o 1) [ e 3 A e
AN .
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