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A comparative study on characteristics and origin of fluids during
granulite facies metamorphism of Jining Group and Qianxi Group

LU Liang_zhao, DONG Yong sheng and ZHOU Xiwen
( College of Earth Sciences, Jilin University, Changchun, 130061, China)

Abstract: According to data of fluid inclusions within minerals and thermochemical estimation
of dehydration reaction during granulite facies metamorphism of Jining Group and Qianxi
Group, the fluids existent at the peak stage must have been carbonic, with x (COz+ CHy) =
70% ~ 80% and x (H,0) =10% ~ 20% , the density is generally 1.0~ 1. 1 g/ cm®. In the Jin-
ing Group, components of the metamorphic fluids and activity of H20 seem to have been spa-

tially inhomogeneous, and were apparently controlled by lithology. The ay o values of Alrich
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gneisses, biotite hypersthene gneisses and basic granulites are 0. 1~ 0.2, 0. 2~ 0. 4 and
0.4~ 0.6 respectively. Such inhomogeneity indicates that the fluids might have experienced in-
ternal buffering, and did not permeate pervasively through rocks. They were probably devel-
oped as a result of various kinds of devolatilization and oxidation of the organic materials ( now
as crystalline graphite) extensively distributed in rocks, both of which must have occurred at
the progressive metamorphic stage. Moreover, H20 could escape from the system more easily
than CO;, and this might be partly related to their carbonic affinity. On the contrary, the
components and physical habits of fluids during metamorphic peak of the Qianxi Group were
rather homogeneous in space, being independent to lithology. In Taipingzhai district, for ex-
ample, the Q1,0 values of rocks of all the three types are 0. 13~ 0. 25 with X“:U =0.1~ 0. 2.
These features suggest that the fluids in this region were probably of external buffering, and
had pervasively permeated through rocks. CO: in fluids might mostly have come from under-
plating mantle_source mafic magma and its crystallization process.

Key words: fluid inclusions; activity of H20; carbonic metamorphism: Jining Group; ()ianxi
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Fig. 1 Photos of fluid inclusions in khondalite series of Jining Group
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Table 1 The components of fluid inclusions entrapped during metamorphic peak of Jining Group

FER GRS %R0 H.0 CO, co CH, H.S S0, S0 HS™  HCO; C€Os& ¢

Al- 6- 1 Sil §2.2 7.5 10. 1 0.15 0.05
Al- 6- 2 Sil 10,0 §1.2 0.3 1.1 7.2 0.15 0. 05
Al- 6- 3 Sil 8.3 53.4 18.9 19.3 0.10

Al- 6- 4 Sil 17.0  63.3 7.4 12.0 0.20  0.10
Bl- 4- 4 Qz 8.7 65.0 11.6 14.5 0.03  0.17
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Phl Sil Qz Prp Kfs A
KMg3A]Si3010(()H}2+ 3Si02—'|. 5M g25i206+ KA]Si303+ HzO

Phl Qz En Kfs A
.} Bhattacharya and Sen( 1986) 13 Ffr 73 17 G IX Y Ji WV 1) #4024 2 HORAb AT 15 ) A7 9%
MR BE AR RR T A ST I R - W RERLECA Fisher and Zen( 1971) 304 %6,
P IX SRR b S TSR RO R 2y B 45 R, B a) o S A5 R I Ak R g P 2 I
1 qu,o {F A HTSCHTIE, TF SN BE Bl 800~ 850 °C, K124 0.9 GPa, tHEE45 R 43l
HITFR2MIZR3 K, Ha O35 BEAARAR, (BAN[R A 8 vh 22 50 W] - 0 v R A
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Table 2 The apn,o value of metapelites in the khondalite series of Jining Group during the metamorphic peak

W [x FE &N CII-::,. UEE]“ InK. s 1t/ C plGPa 01120 anu
A8- 6 0.074 0. 142 - 0.875 810 0.9 0.125 0. 087

A AlO- 4 0.036 0. 089 - 1.128 810 0.9 0.161 0.112
Bl- 4 0. 060 0. 124 - 0.949 810 0.9 0.135 0. 094

Cc7-2 0. 080 0.204 - 1.159 800 0.9 0.150 0.105

C7- 12 0.071 0. 188 - 1.197 800 0.9 0.155 0. 109

C7- 13 0. 063 0.174 - 1.239 800 0.9 0.162 0.113

51 P8- 1 0.072 0. 149 - 0.950 800 0.9 0.122 0. 085
(LR P4- 1 0.041 0.125 - 1.338 800 0.9 0.179 0.125
P310- 1 0.053 0. 147 - 1.243 800 0.9 0.163 0.114

P24- 2 0.087 0.177 - 0.933 800 0.9 0.120 0.084

2 Cl- 3 0.016 0. 048 - 1.322 840 0.9 0.264 0.177
(KA1 C2- 2 0. 056 0. 167 - 1.136 840 0.9 0.218 0. 146

apa¥ [T Bohlen (1980 I e 4r - HEERL, ¥4l A Bhattacharya and Sen ( 1986); InK,s= In (CIEE}.I x (0. 8)/ [U:';:p] LB C[i}ka{= 0.8.
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Table 3 The a0 value of biotite hypersthene gneiss— granulite from the khondalite series of

Jining Group during the metamorphic peak

FE 5 a aph InK, s 1t/ C plGPa it ,0 Xil;“
AB- 5 0.284 0. 054 0.520 840" 0.90 0.217 0. 146
B1-7 0.314 0. 107 - 0.013 780° 0.90 0. 200 0. 144
P099- 2 0.183 0. 086 - 0. 605 784 0.90 0.403 0.288
P191- (1) 0. 351 0. 161 - 0.255 817" 0.90 0. 353 0.243

Al Ay - S EEETSUAE 5] 11 Bhattachyara and Sen (1986) ; InK, s= In[ (afi) "*=(alt)/ (ablh) |, ¥ al¥'= 0. 60; = HES]F
J5 ELIE AT 1996) .

PR ay o MBEAE 0. 10~ 0.20 Z 18], B2 595 1 R FRRKLE a0 =~ 0. 2~ 0. 4,
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PO %, 1991) , L BAD T =R TRV AR, 36 pTe 28 B I A B I 76
AT XA ST T 55000, — A 728 TR UL B 750~ 850 °C, JE J14 0. 8~ 1.0 GPa®,
JRRORE 5 AH DX P9 il s 2% AR 25 ) B AR AN K.
2.2 TRIEHRAS RIAKSFE

AR FCE P RO ERE W, DA s, T Aalash, A ES AR
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LGRS SO, B H,S L[] B 7 B 25 46
I A R ) A G e R X e
A IV S B R UL AR & 4 P Q18
- 11 f1J06- (3)- 1] JX4Lii At 3L
& CO, 138 — ik £ 50 7F - 28~
- 22CZ I, f1 4 HAK, &~ 39~
- 56.4°C, #%147 C I fi% ( Shepherd et
B2 TG B A7 A v A R 301 B TR R O al ., 1985) H W, H % &N KT % T

(23 1.00g/ em® .
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Table 4  Components of fluid inclusions of Qianxi Group during metamorphic peak

M vl %) K F W mol/ L)
PR i 4 FET ——

CO»  H.S  CHs  SO:  H20 HS™ €I S0 CO0F HCO;
TO8- (1)~ 1 A AT 68.8 18.6 12.6 0.16 3.21 0.22
TH= 1(1)= 1 A A 68.5 15.9 15.6 0.28 0.19
Q21- (-2 A A 44.5 215 19.7 14.3 0.09 0.22
Q21- (-3 A AT 73.9 12.9 13.2 0.04 0.08
Q2l- (-5 LY 67.3 17.3 15. 4 0.21  0.36
Q21- (-1 LY 61.9 6.5 9.5 22. 1 0.12  0.26
T12- (3)- 2 LY 79.2 7.5 13.3
TI2- (2)- 1 A AT 66.3 16.5 17.2 0.26 0.35
TI2- (1)- 1 A AT 60.1 7.2 6.4 152 1.1 0.08 0.2l
Ti12- (3)- 3 A4 78.7 1.6 9.7
Ti2- (4)- 1 A AT 69. 1 16. 4 14.5 0.36 0.12
QI8- (1)~ 1 A7 e 78.7 8.7 12. 6 0.43 0.37
J06- (3)- 1 A7 e 61.6 7.7 12.6 18. 1 0.41  0.37

e PG 2 M TR RIS B S R S S

IR RRRRE 2 S A1 DA R RO S S5 S22, DALt R 4 7 0 v AR TR 11 3 A 7K 5 2 R A
S A - WR ARG Ha0 035 B, SR 10 3 285 A I 3] agy 0 A1 X0 51 T3 5.
ap, ol AL 0. 13~ 0.25 Z [, Xy ofH7E 0. 1~ 0.2 Z [0, H5 52 REF 450 ( K 4) IR

s
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Table 5 Calculation of ay,o and Xu,o for peak metamorphism of Qianxi Group

KRR 0#;. AP alt! Ink,s 1t/ C pl GPa On,0 x“:“
TO8 0. 070 0.273 0.915 - 1.451 790 0.9 0. 181 0.127
T1i1-1 0. 074 0.092 0. 562 - 0.794 790 0.9 0. 094 0. 066
T12 0.077 0.221 0. 884 - 1.178 790 0.9 0. 138 0. 097
019 0. 057 0.333 0. 877 - 1. 896 780 0.9 0. 253 0.177
[ 021 0.043 0.169 0.718 - 1.700 780 0.9 0. 208 0. 146
022 0.043 0.248 0. 888 - 1. 871 780 0.9 0. 247 0.173
023 0. 054 0.313 0. 889 - 1. 875 780 0.9 0. 248 0.174
024 0.041 0.231 0. 875 - 1. 862 780 0.9 0. 245 0.172
apl aph aft! InK, s t/ C p/GPa 0 Xu,o0
T14 0. 299 0. 204 0. 884 - 0.343 790 0.9 0. 309 0.216
i T15 0. 287 0.132 0.952 + 0. 103 790 0.9 0. 198 0. 139
J05 0. 353 0. 201 0. 939 - 0.020 790 0.9 0.224 0. 157
afit" aph ' InKp t/C plGPa it 0 X0
1 TOS 0. 575 0.293 9.372% 10 * 4.024 790 0.9 0.132 0. 093
TO8 0.543 0.294 2.199% 107 * 5. 360 790 0.9 0. 035 0. 025
()33 0. 575 0. 381 2.618% 10 ° 3.391 790 0.9 0. 243 0. 170
PREF AT P KRR RO AP ss | —A 80 T RIS [T =385 0 ks - Bk, —fm W 8%

BRRE, FE AL e T — AP FEMLIR ) —4& ) A IX, Q —2 7 L X ab) R afa S8 R K, s AR #E 2~ 3 al
WAL stormer (11975, af™ F ale g 3F S8 Wood and Banio (1973), at™ (11 248 Triboulet and Audren( 1988), InKp= In

[(a) *= (ai) "/ '} -

3 X AR U U AR A B R e

3.1 FHb XTI BT AE

BT BERUT VG IE A A b i A0 Sk 2 SRR AE T A7 S b, A7 — 3053 i 4l kIR BF 2 ot A
A3A0, NI fEE VTS W BTN, S AR T T R R IE &R, BT A 2 o R 2 A T AR
W, D EE HA LI 55 T, AR S AE AR U H Jeb R v A T 45 b (R S T A P AR VR OUAE
Hb XS IR 11 A7 2R A v 3 e AR T U S A S A, i A B S RO SRR 2
PREF AT AE F (3R 1 3R 4, BT DX — [ B I A 25 A2 LU R B8 5 ( CO+ CHy — N 70% ~
80 %) MFFIE, HoO F i — N 10% ~ 20% . o3 418 9 3 X & 85 i R 5 o e 30 o 7K Jse 12 1~
B SR, A RGP a0 A1 X o LR ZEAE 0. 1~ 0.2 Z[A) (K2 K S5), XY
AL FEAR W T4 S 5e W& L LA b &5 S W 9 b X JRRORE 25 AH A8 5T e 125 A0 2R 4 v i 4
AFAEAH S BOR IR & T BA CO2 b ) AOWRARAH, 1M 3F4F Thompson 55 ( 1983) it AEE I HE K
J& T 56 AT TR “FAE BT . FOR, B RILE—FEdh, SR — A & ah, TESALR F
AN F AR BEARAA I Ho0/ (COo+ CHy) LA — & 2 B2 1 3 4), X &A1
J 53 E B A 3 ] REAT T 2408 Sterner 25( 1995) [HIF T 5 B4 AL 2544 b H,0 3 1 A [l
AN 4 T 1) S PR B 1) A kR R RS S KT CO,, FLAL SR K, X RN A K,
S5 R K HoO/ (CO2+ CHa) {385 IR AR AR 2875 ROk AN 4 A), HRCR Bk ot A XA 4
A fig 55 AL .
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3.2 AHRXTRAARERNS T UMBERRINEHAR

AT SC VIR K, H R R A AR AR 1 Rz Jy UK I A R A7 B AR i
U 3] H2O 375 L B SR ARAR, BT B AR AL L, [R5 & 80 R, o o B fIRAH 0. 12 il
A 0. 264 A% — LA (3R 2) , AR X0 (B2 T 0. 084~ 0. 177 Z 1] AL F3E R
o, AU FI BB 1 agy o (L PTAT BRAR A, W KA i AR ik 0. 218~ 0. 264, i FLIF] —
i B ABAFAEA AR AL, 40 = PE S 3 BE agy o (EEDAZAL T 0. 12~ 0. 179 Z (8] JEILJE [F]— b
DA AR B JE U agy o 2 57 S W) 2, FL2E A AR rP 2 1) 208 2058 9 R FRRRE 5 P
ay o i 7E 0. 20~ 0.403 2 [i], W & i 1 8l B 5 B0 7 B, Ja 4 an o (2 2AE 0. 12~ 0. 18 2
[61), LR BRI T 1 ap o {55, 3 0. 40~ 0. 56 X LEHREAE 2 W] 1% X AR 5 10 14 (¥ 41 1 75 245 1)

EANIA A, B3 B S b 52 A S A AL s, DRI LR A A E AT I AT REAS A AR B R I
TR RS, WA S LR 0205 )7 e B, MR Lk BAT 5 A RGN FIAS
BISIEB LR SEAh, 2B S ROE BT AU R AL Z P05 R W), fE 4 LB 7 AN AR AR
TR A9 2 BERER v, 8" Oswow (%) fE AN HE AR AL T+ 17. 0~ 23. 0 Z [)( % 3Civig),
XA —AE W Y I AAEAE REAE S AT A SR IR BIE A R KT 2 &) s
XL 22267 Ll R AT VERERRRE A A2 U S0 R a0 (1 X o) BB ( R 5), BA
(7] F- 4 T I 2 AR S DX S H BAT B0 A S P PO, = RRAFREE A ap o AR 1LE
FEIAHLL, 2 8R4 0. 1~ 0.25 Z (8], HIRL[K) X ofH 4 0. 1~ 0.2 JLIK, [/ —HuX R 25 41
a0 fH A 5], eIl 5 AN E A BREFEAR(Q19 Q21~ 24) 1 ay o fHIE 0. 21~
0.25 2 [0]: (H15 50 B A7 () K P ZE M IXAR L, WA BT AN IR, ) 8 o fE R BHE 0. 1~ 0.2
ZARD Ty T 5 M B A T U 31 AT A £, 2 A 23 A Bl (R 5) AR W LA A A ) AR
A TR AT, BRAN B4, i COa i 60% ~ 70% , CHy I H,0 #B7E 10% ~ 20% 7244,
Pods) — U AN S0 s A A), — Bl 1.0~ 1.1 g/ em® LA b4 0 338 AT 76 AR T i 1Y
AR ETT A AN 2% ph RN R 120IR 1205 J7 VIS B I RFAE .

3.3 PRt X 35 B HA B R A X B9 3 B M R

A b is i 3R B 4 7 B 1R 28 A AR AN R IR B TE JF 3 A N 22 R 5 s A,
R ANAG I I 8 A S B /K s i 7 A=, DRI AR X1 BB 2 FH A A T R A 1 R i R &2 e
wARZ A, T H AT de ) S B TS S Bl CEE A E LS I 1800~ 1900 Ma HiHLIK
(5 RIREE, 1996) .2 8RTE FRRL 2 AH A% T ik A5 v i B A7 AN Ko 2 1R 48 5 o2 2R L AR 90 A
TRANEY Y AT 5538 T ) o o 55 FRTR: i 380 228 712 s B, D0 T 2R B2 3 Tl 536 0 F 400 24 K248
SR A7 TR RS A RS RO Rl RRRCAE o, R4 30 AT SC™ W 104k 27 1oy oF S 15
IR0 o o T B M 25 [A) AR ARARFAIE 2 BEAN N 5 I 86 S A F AR IR 5%

MR, AE AT B IR AR X L 2GR b 500 75 /D (1% ~ 3% ) it AT Sy, 0 L A X
AT KB AT S, e AT A HLOCR A 2% o 1 7 R JKAE, 1996) AR X & 4 R bk
WAFLE Gt— Sil- Oz— Ilm 214, 51X L6 9 140 2% 155 20 TF 50 BT 453 1) 28 o 0 301 4600 S ( £ o2)
WK 6( F7 R ILEE, 1999) EMTEARIAK, logf 0o fE— 13~ — 14 2 [A), H1El 3 0 %01 24 0 STk
1% 800 CAAT I, A7 EE f op B IR A1 P 20 AT MUK I 0] 28 W JE 1l CO X FELS 0, AR,
WS Q1 A7 ) 43 A5 BT U)K 45 it A B L3R 6 W 3 ANFE S f oo AR S, A WL A,
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e AT AL CO,, FTLLH Hr s A TP A
A BN CT= 2 T fop AR, £ HLT
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Fh ATERE S Bl- 4 MAKERDT(Tm) R A
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Fig. 3 log fo.— t diagram and oxidation—

JEJJZ‘M:H:I: I[_{_II —j\i:r EEI. H 20 JJI-[ Aﬁ%z EFI : ﬁa reilu(-l fon curves

T RHb ST il A T 5 A 1B 0E R AR Rk | _
EHC LR TE IR S5 7 BL e T 1 (1) C+ 02CO2; (2) 2Fes04+ ~y 02 =3Fe205; Wi 3k b
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Fo6 ETHEVRRETRIEHMNEIRE
Table 6 The f o, values of Al rich gneiss during metamorphic peak of Jining Group

FE A aif afih, Log(affi,)*/ (afl) ? Log f o2 A JTAT SRR B (%)
Al0- 4 0.052 0.420 - 3.108 - 14.12 x
c7- 13 0. 107 0.371 - 2.049 - 13.42 x
c7- 12 0. 066 0.350 - 2.623 - 13.83 x
C7-2 0.013 0. 340 - 4.720 - 15.20 2~ 3

A & AR AR TE B CO2 U HL0 FYFINT s @P 37 () I 8 e ok BRI 5 A 2R 45 1 3 25
TF It 5 A 2R GE A AT I 46 52 2% [ DA 3= A e AT T 21 A 23 1) _EANIA 5, Ry ol i W f 2
FrrEgE ] JEAE Storner 25(1995) IRIWEST, CLUE BHHUAA T H,O( 5 HY ) 38 ok EE & ok 284 Bt itk
P13 138 W S8 73 T €O, 30 ol 0 3O 370 8 7 ot A 1R KA T

2RI PR AREIRORE 5 R A I ST A4 0w ot LA 23 S5 A T AR B, 4B BATR) — B Xy A
[l A A R Ha O 3% PR oAt = 220 43 3 B AT 2 2 S0 0 R AE, U8 B & AN IAN A& J 8 o P e
B N IB K R T Sy AR BRRCE R TTG R IE RS & A3, 847
MR Eh 4 7o I 22, DRI B JOL PIBUE K2 P AT A8, CO, AWRER AZ S RN
Hill 2 RS BIA D V2 A 2R AU 5 A oy i e P A o M B (e i, 1991) , B W] 24 I
FETEMB VSN o 0 R A2 N M 5 T 1) 194 7 1y b IR 3 ) 2 i R ) S 4 445 5 N A HE T €O,

@ 7 IBSE, 1995, fEALRE & B AT Al 22 BT i ah g % L W AR TE RS, M ™)\ T s Al BT 0F S0 e AR
AR ASAF T A B 11~ 25.
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WETE, 5 R b iR MBS, UK A - AR RS HoO HEMRE, 3 FEANIKT R A, 47
HT 28 R AN S H O 0 AR & P L2k .
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(1) BRRLZ A S BUA i oA 25 AR 1R T 1 AT 22 3001, ZE0F 9 X AT A7 1 2% iU 3
25 A LA FUR AR ) BB 50 E) AR A e I 2 R G P LA (1 4Lk
g JE SERFAE, 10 K FAF 7E T A7 S SE0 4 v 1R A0 A4 6 20 A ) — 5 Ay A8 J0e 303 ) St B BT Bk,
S FEH K .

(2) P9 X AR 0 T A b A AE AR T B SRR, JLALR LA O, N, 45— 4% CHy, &
Z 5 70% ~ 80% ,H20 5ty 10% ~ 20% , A3 /D SO, 5 HaS, H# B — ol 1. 0~
11 g/ em® K 2 NP7 3000 2 5145 B 10 Ho0 35 AE 0. 1~ 0.2 2 [8), Pi& eev 4 .

(3) W AT AR I AR TP B T CO2+ CHg) A1 H L0 A B 55 B AT 2,
A2 A AR, B RS SR 2R R R R IE MR ROR 2 T B 0. 10~ 0.2 0. 2~
0.4 F10. 40~ 0. 6, K W] IS ANLELE KR40 15 2% [ 5 1 R B W AR, A0 A oz ik
VBIE LIRS T BE AR I R R s v 1 A (AT BT (A A AR (4 A
U T A o (1 G 8 5 2 S T A

(4) L2 O 28 S5 b IR SR 25 A A A0 v AR TR ) 2H A 24395, [A)— M B ik 3 28
AR AF COs+ CHy ¥ KT 80%, 1M HaO 4 10% ~ 20% , 2 We'e AT 134 52 1l 53 18] i 183 A0 5
COp MR H JLR, ZXBE L TTG FRRE A, RIFTHEM D, HAGAYI, BRER 5
B 2D, U BH B R SR AR (R AU FLTE 6 A IR, 1% DX A PR R LV R AR (1) b T 4% A%, BT LA
B TCRAR ] e X A JK A B2 I AT R COop W ETHA O

S WE SRR M TERRORE 7 AR AR ST 5 B SO A 14 1 D) j L3288 Uy AU AN e 1] 5 3
A New ton 2 ( 1980) 19 “Bi S22 Jo " WL ni R AR FE, mI GEAE A [ K MUK I 15 S A 7 0 41 R AL
AT AN [ R AR T A PR, FELAG RE— 2B IR
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