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Abstract: The Galinge skarn iron deposit, one of the large skarn deposits in the west of China, is located in the

middle of the contact zone between the Qimantag orogen and the Qaidam basin, and possesses abundant potential
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values. This paper aimed to make specific research on the mineralogy of the Cl-rich amphiboles from the Galinge
deposit so as to investigate the association of melt, fluid and minerals. The Cl-rich amphibole belongs to the
magnesian hastingsitic subgroup, and its geochemical characteristics are 0.3<Mg/(Mg+ Fe?*)<0.69; Si<
6.25 apfu; and 0.681% <Cl1<3.161% . The content of X shows the positive linear relation with the Xy,
and the Xk and X%/ show the strong inverse relation with the X(y. The linear relation between the cation and
the chlorine can be interpreted by the crystal structure consideration of Cl-rich amphiboles. In respect of the sub-
stitution between the CI~ and OH ™, the Cl incorporation is expressed empirically by the function of In ( X/
Xomamp =In (for/ for) e+ A* [MIAl*Fe** /RT + B/RT, where A and B are constant. Therefore, if all Cl-

rich amphiboles are in equilibrium with the coexisting fluid at the same temperature and if each amphibole is in e-
quilibrium with a fluid of relatively constant f/ fou, the In(Xq/Xon)amp versus “JAl*Fe?™ should show a
linear correlation, and the effect of the cation substitution is contributed by the structure constraints for (4T A
and by a chemical constraints for Fe?" . The existence of amphibole zones implies that the Xy values decrease
first and then increase from the core to the edge, since OH is preferentially incorporated relative to Cl. There-
fore, when the free fluid phase is gradually consumed as a consequence of continued hydration/chloridisation re-
actions, the Cl~ content of the fluid should be increased. The crystal/liquid partitioning behavior of the trace el-
ements is controlled by the framework of the lattice, and the volatile concentration in the fluid is also a key fac-
tor. The decrease of the Cl concentration in the fluid is attributed to the increase of the REE partition coeffi-
cients. Generally, the high saline hydrothermal fluid exsolved from the magma in the early crystallization stage
is the dominated reservoir of metals because of the high Cl™ content and low pH value. The ClI™ plays an impor-
tant role in the transportation of metals. When the ore fluid is reacted with an alkaline carbonate wall rocks, or
mixed with meteoric water, the chlorine complex of iron would decompose and precipitate. Meanwhile, the in-
creased pH value makes the fop of fluid ascend, which is beneficial for the incorporation of OH into the amphi-
bole.
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Fig. 1

Satellite image of the regional geological tectonic setting in the Qimantag orogeny

N.KL. F—RIEHi#; M KL.F—ERPEIR; S.KL. F—REREWR; QU—RENA; BY-SG—EB f-F% H fot g, Qr—Ieiihk
N. KL. F—north Kunlun fault; M. KL.F—middle Kunlun fault; S.KL.F—south Kunlun fault; QL—Qilian terrane; BY-SG—Bayan Har-
Songpan Garze terrane; QT—Qiangtang terrane
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Fig. 3 Microphotograph of the Cl-rich amphiboles from the Galinge deposit
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a—Cl-rich amphibole skarn rocks, plainlight, oscillatory growth zoning partially observed;: b—mafic igneous rocks replaced by hydrothermal fluid;
consequently the chemical zoning formed with different mineral assemblages; ¢c—mineral intergrowth assemblages of Cl-rich amphiboles and garnets,
plainlight; d—Cl-rich amphiboles replacing protogenetic amphiboles, forming metasomatic relict textures; e—intergrowth mineral assemblage of Cl-
rich amphibole, sphene and magnetite; {—Cl-rich amphiboles and chalcopyrites replacing protogenetic ferro-edenites; g—magnetites exsolute il-
menites, reflected light; h—chalcopyrites replacing protogenetic ferro-edenites along the amphibole cleavage, reflected light; Mg—Has-magnesian-
hastingsite; Spn—sphene: Gar—garnet; Fe-Ed—ferro-edenite; Mag—magnetite
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55 T AR RIS R AT B CL AR N A R A 25 A 5 e 7 X 729
] (Na+K)=050 5 Ti <050 ; Fe™ > A" 53 UL G628 AT BE AR Y 5 5 T 1 I A2 5 J A4 1) i 242
43 (Dick and Robinson, 1979).
BRRAS RAH aaiclic B CLAWNARS —R e T HBE S K A
% . BB S ALCRERE X OM CLAIE 2> & B2 18] (R IEAH
2 05 * g | RYERMIARCE LET 2N CLEEA OH B
= — HRIE Ve, o XoMl Xy Z 1K RT3 4 (B Sh): Xy =
AR _— 0.248 99X + 0.512 7. XFhIEAH G IEA LI A
i ; S o (1), A& R A BB TE OH B 2 b, MRESR A
%0 » SR * o0 KUF,KY S O ST E K5 H -OF SR EA Y
(Morrisons 1991).
B4 ZRMRASAT PR A DA ol 4 43 (Leakes 1978)

Fig. 4 The subdivision of amphibole group from the Galinge
deposit Cafter Leake, 1978)
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Fig. 5 Compositional plots of

the Galinge Cl-rich amphiboles
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Fig. 6 Compositional profiles of the zoned Cl-rich amphiboles (the analytical points are shown in the left pictures, and the

matched composition are shown in the right figures)
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5 CL & & B OEAH M 2 415 BE 5% (Vanko,
198635 Suwa e al.> 1987; Morrisons 1991). SE£Jit |
ARLE W, HRE 8 K b AALE B
K5 ClAFEA IEAH M, KT AR 2] Cl
KA (Morrisons 1991).

XTI AL E 1) Fe, Vanko (1986) WAA 73
TEHRIAE CLIIIAK] Fe B A M. LR
Mg A Fe F 7 K/ HLGr BURAHIE, (HAEAL 57 1%
JEEEEE B, BoR i Fe-Cl 2 W BL A Mg-F 2
() PRI 5 I AH SC A o XA Mg-Cl FEAN Fe-F AHE 1)
PR IR 28 L B 1 U2 TOVE R (Ramberg
1952), R —48e Ak Bt AR B 3 25

FEITTRAMKR
Fig. 8 Ttrace element content as a function of the

major cations of the Galinge Cl-rich amphibole

B CLA N AT ) AR 25 /#5711 BH 2 7 A8 AR
Cl™ I EZ R0 (Makino ef al.» 1993; Obert et
al.» 1993): (O Cl- AZARBEANTE O3 7, 5 MCDAI
M3, 3 HIn5e 7 MCDOF ML E; @ fE 5
ClAIN A, ALFS T AL T AL S MO AL E; 5
Mg? AL, Fe? B [a] T MCDAT M3 AL E A &
MO E . AEN T Mg-Fe? " 731 B T Mg-Cl
FIBELE )\ T A A b 1R A8 He ] B J2: A7 7 1) ( Makino
etal.» 1993); @ O3 fi'E L C1° b OH™ Bk
T AR E LRI & . &M N A AR E
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7RG EREINIE A KM KA & Na ™, JF KOk
SR ARE . Cl A0 OH KT\ TH A4 AUEE,
MILE Mg-Fe? " A A0 bV 5 i 2 3P FE i . Ak
P 7R, B CL A N A I AR B (946.5 A3
3.27% Cl; 943.5 A%: 2.35% CDE W B HFE Cl 5%
R ClLIERE N AI(911.54~922.60 AT, ixh
Ui SR AT AR A I ZE g 55 CL b N 21 4y 1 45
P 5V R (Suwa et al.» 1987). HIk, F*-Cl
{140 0 T A 20 A B 7 B 1) LT 2% A 5 oK B A,
THELVF & — R 2 20 . R0 & SR OC6) T O(7)
AR CLIR TR T A0S 7R S5 &
PRES. DRk, & CLA A B k2 SR s Cl A8 4R
SHEIEN(Makino et al.» 1993). FRILZ A, fifk
gl EEHEEIETEEZNME
(Volfinger et al.» 1985). f5il4n, DY I {4 g 4% ¥ il &
P2 7(OH ~F A Cl ORI AL E . /S AS Y TH A
P SCEA A DR A R0 D [P0 Pk PR bk iz 1 T B AR N 18 T
XK, OH ™ B 7% 7 4% CL- A4 BLUARIX Fh iy v] LA
RS XA X 200, BA R X F X, 2 TR 1R) 1E AH 2
PE, B TCIEARRE X AT ALY 2 8] i IE AR DS
4.2 ECIAAACI FAOH BEHRZK
TETKEERR SR W) (P db AR 25 46 vh, A A1 D A
FE = BE, CLU 2248 OH 2 #8) 72 A [7) B9 ( Brehler

and Fuge, 1974; Deer et al.» 1992). #X1f, CI~ #
OH ™ I B 2T b 14, KR4l 4 5L J5U B CL A 300
TR 1.79 Ay B OH (1.40 ADFIF(1.33 A)
K 30% ~35% o WA 58 BEI A1 DA A BB 4 J&, OH -
B Cl™ AR AR A B 25 5 o X Pl 4E i 1 g 2 1
T Si-O VY THAAFN )\ THIAA L 0 BH 5 7 36 K 1 2, Al
BENDYTHARAT &, 110 F3 T JBEAN VARSI B . AP A
ARBEN DY AR B SR — A = B B 7 (B O |E
NE AR B & A BH S 7 (Na ™ 80 KT )it
NE] A AL E K AR B AT T 8 (Tio and Andersons
1983 XHLARRE T 4-45 N A ClL AN (Na + KD [H]
IR ENE, WL CLAT Xy 2 18], 34 CLAHIAL 2
118

A A N SEAE IR AR CEOEAAO TR] (K] C1-OH A8 4 )¢
NI S

ABCOH) ,,, + HClgiq = ABCCD 4, + HyOpiq
A ANAR S T e

K=( ac, *awo,, )/ ( aom, * aHClﬂuid)
IUESRAFINNR S TP ¥
—AG"=RTIn( ac, *a 0,/ ¢ aom,,* anc, )
M) ClL o3 A ] LR 7R A -
InCa )/ aon? amp = In( aHCl/aHZO)ﬂuid -~ AGY/RT

AGY B Hf AT o B T 0 7 A A T2 A
AGO FFRA AN A LI AL R P (05 A ok
W] DU 7 50— G o8 XA AR, 28 20T 5 i

InCaq/ aon)amp = InCac/ aop)nua + A NG Y
RT+ B/RT

A B R E. Bk Cl7E OH A& 5 OH #AH
TR HAE AR TE Pk e A B AR B, WM S B: In
(Xa/ X = InCfar/ fordnia + A=Al F&* /RT +
B/RT s X T4 @M I fo/ fornaat vt A
H InC X/ X WAL F& I3 B AT 2R 1 K &R
] 10 BRAAR B LN TR AL FE T In( QLY
OFD W/t M R (y=0.678 22 —4.388 4.
IE AR S B HE RS A7 TN A LT 78 TR R 2R AR AR
R IER, R ER fo/ fopre— M. T ER
TERERR T AL ) i F2 vh, B i K P i CI/H,O0
B A RPN, B2 Bl A 43 25 45 i b A7 1 A2 1R
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(1) Cl/H,O (A5 A HVA 43 A o3 I 2R A, iy s A4 b 4%
R () A W47 11 A5 R 4 I R A AT IR TR] ( Web-
sters 2004). AR R THIALFRT Fe2 X} C1
(R N RS MR B o 3PP 2 1 D¢ R A IR S8 €L A AR
NS AT A B2 04T AL B0 JUAT 2 BRI, i FL 3% 22
Fe? " A2 IR CSato er al.» 1997)5

y=06782x-4388 4
R=07934

In(CI/OH)
L L]

HAlFe

ZMAR E CLAA N A2 B3 InC CL/OFDAS
FIALF? ! Bp
Fig. 10 Compositional plots of the Galinge Cl-rich
amphiboles: n(Cl/OH) versus [4JAl*Fe?*

K 10

B U AT IR BR A A0 27 B2 T DAAR G b s e
AR50 5 I A0 2% S i, BRI AR AT 9 R
FEU R AN R0 22 H IR AR A 2E K4 (Kullerud
1996). MK 11t o] BLE Y, M N A A 87 5 In
(Cl/OHD I EAE e BRAIC, 5 TH s, st m) S wie £ I
A g e, AR T R E IR . T OH
X Cl B 5 & IR ), DI B 45 A I
&8 d B AR T CLI & =3 N (Kullerud, 1996
Y 4h GRS L N IE AR G P R B, A
)L A4 A A R 52 PR KRN G40 s 2 PV FE o Xt 5 3
B AN W i 2k, 7 CL 7 f T v, B 2T A IR A
A«

4.3 ECAANARETRBIRLE

s VA RVBUAAR (] 1) 76 25 49 e AN S2 3] Ak 485 40 1)
Pl 17 ELS R T (4 oy B R AR IR T R AR
W—PAKR b oy J 1) 2K # (Nash and Crecraft,
1985). BF 12X 4 7 & E0A 58 Z4 52 W (Blundy
and Wood> 2003), Jensen(1973) 5 &5 T N A7

TSR ZHEMB KR ARNAH M-
M3 AL E R MCDALE B AR R SJ 2054 0.78 A
F1.00 As A B8 IR0 1.45 A 0.90 A fRE
T MOD-MOOPE FEEHARANE T2 13 AN
B MOOAL B FECRES A2 2~ 3 M 1
53 5o HAF 302, YLE SR 5 A7 Pk 1 2 ik
P SR A BT AN & O R PH B 7o M BH B 0 B
ANTRL TG o 4l B, Bt B 2 2 (H R 1R JE AN )
PR I 5 002, %A E L O FARBH B 1 2R AR AR
FFANZE (Jensen, 1973). T K" F4(1.46 A) Al
Ba2t - £2 (1.44 A) 1B iE (Whittaker and Muntuss
19700, 3 A ¥ A A28, Kk Ba2* il K B A7 2%
GAECHE 8a) o

Mahood %5 (1983)HFFTTIA J i e Js R 1R 5% 1)
R UL E T Em e B AE J2 4 1o AR 7N 1 o 2 7R
SRR A OE S R O R B R .
PN 32 3 3 G B3 T A ) [ A, 25 5 i) 81 7k o
JLEAES AR I A3 T . #E MO E b, A
P ICE Sr R SUE S M INA T Ca T I =k
REVICE 8b). WH Ca2' &, M Em
5 REGEAK (Jensen, 1973). XF A AL+ Ca2t
1555 BT o R BN R ) 6 AR B TR
TouE SRR (Jensen, 1973). Eu & REE
i ——ANEAE s, FH BT e 7
RE KT REE 8 1148, 5 Sr AR AH AL,
217 Eu? A2 SP2 T MM F 3 Eu 5+ % (Rudnick
and Fountain, 1995). & 9 /R Evw/Eu* 5 M £i7
BLE =S FRAEY, EWEW M Fe*'/
(Fe?* + ARO[ EL B T i T i, X R et Eu 5
Gy N\ AR FCALAT & o

i1 REE HA AU o7 HE A, Bt e AT ] B
TR I M fARE REES ™ A1) o B 2512 A2 B AN [0
PR - Hb BR 4K 2% 1) 52 1 ( Nash and Crecraft, 1985).
REE WAL/ REUE REE® " AR R 4L, LREE Bl
FE 257 A2 1 BT TH R HREE (19 7C 20 & 5
i 125 1 1= 425 1 B IS 1T B X ( Neumanns 19760 Ma-
hood %5 (1983) K I REE A& PA AL, T 7K %5 % 1 5 =0
HELAE A 27 b, DR b o v 8 4 R o0 TR FE 25 2 i)
REE 43 5. REE F it 70 25 (1 2 Bl s =X 2 — 2K
M. ¥UMEILEL OH . F .Cl .P,OZ . & M
CO% ™ 25T LA Ak, L S 3k 46 AV A R i FRAT ,
5P EM R G M L R B m, AT L kL 45
A TP A o o0 3R B R 0 o A B, 2 T R A
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Fig. 11 Compositional profiles of the zoned amphibole
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TRV B A2 DA K 43 1 B 70 38 45 A I, 4 TC JR 8
WL TP ARFEAA . KA R T, OH WF Cl ™~
PO S M COF % H 5 5 HREE T LA A4 A
bt LREE(Martell and Smith, 1974). 7E& Cl fi N
AR, REE S s REED P CL 2 038 hnm
BncE 12>, 9F B LREE 1 HREE #E08™ ¥4 11 & &
WREEH P CL 2 & 5 I 34 00 CEl 13a), X —
FEAE R REE JG % 170 Bid & 3006 5 Ak ClL &%
(1) BRI 5y, AT S 30 REE K 52 [ 25 76 11 TN A4
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Wil Cu I3 B Wil A5 FH A3 i CO, R EIRK, F
B pH (T, 1M pH AR T FE e R ClL B S
FEDUE ) 3= ZE ML (Barnes, 19795 Spycher and
Reed, 1989). Evans (200918 T i 15 HI X 75 Y
B PtE 1 32 2 ok, & IR s E H mT A 07 B A 1 %
f#E N 300°C P2 280°C I EEHIUG W/ 100 1%
ELAFE B A2 5 CL R AR A2 J A4 1 20 1) R B
CLAE T A IR FERE A CAL+ Na+ Ca+ Mg)/Si B
IR LG R B A A, BE HLO B35 P 3G 0 i gak 2
(Webster, 1997). It Cl 75 25 5 10 %5 fife 1 Bt 2
PR BT R 2E A2 4 (Websters 2004) . FR R4
Ca~Mg-Fe & & 1 /b 23 T 30 ClL# 1 28 R,
LG R AR A 5 R o S B T AN SR )
FR45 il 110 228 W 388 I ( Webster and De Vivo, 2002).
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FER Sy s, UL RIS Cl O i o 1) B AR A 73
TKEMW B R NE ClLIRME AR P HE. X
—REER AT R R AEAAECE E CLE KT, Y CLI
it 1 L5 RO T 945 48 1 43 (Webster and De Vivos
20020 FEZT7KNaCl 1 KClHLATEE FTA W, CL Y
FRRN(S1.3%), BT (~0.2%), I HBEH
Js 1 R 83 TR 508 T PR

TN SRAE, S 9% R P82 B vy, A A 11 i R T ol
BT PR T VR R AR U, B
Sy B g e T I HEAT, B b RV S SR B R 1
IR PR W] R AN RN AR A AN (5K 3 52 56, 2014) 6
ML A B B CLAE T K HL,O fik R 5616 44
R IR RS T N, T HLO 7ETT CLIEA
RIS AR TE Y 5% ~ 7% 95 [l 9 22 A6 (Webster and
Rebbert, 1998: Webster et al.» 1999; Webster,
2004 M Hy,O 757K 750 vy 25 U A4 1 A 1k iR
AR VIR R BE CL & A R . S0
PR CL S 5N T 1.9% I, AL HyO %R 1
(105 Wi 2 A - H Bl ), B A L A7 IR SO P LA &
Cl o ZIEAE Cl SRR &I, & i AR WL T
FEASE M, BB HLO B REIEXS 3 Cl- F B i
&) (Webster et al.» 1999). Pk, £ B A7 28 P
HyOCO, ARMIFNE I3 5 T AL B O 198 116 BSE, H45 44
H CL™ A8 AU B M AH 1 9 E B 38 T 1 o
(Webster e al.» 1999), F3 Cl & Kim it A\ F ¥4
o IME s ClIR K o

BEAL, CL % fE PR I8 R )4 9% (Webster and
Rebberts 1998; Webster ez al.» 1999). & A H
VORI P W AR R 7 W 70 T, 24 T ) AR IS,
¥ A FH RO RE T8 3 350 CL A 98 A v ¥ ik e e A1 oK
BENGAAA . T NaCl A1 KCL B T Cl
OV A PEARAIG, IX— 4 RUTIUR A & CL5 AAH Y HE
AIRERAEAE S ClL AR B i R 45 it 7 30), g o2 A it
TV AR EE B 2 T, B 2 AR A AR R K AT R
(Websters 1997). 2B £ (1) 9 Z4 3G 1 AR A1
At T A Sk o 5 A R T B AR I R B R S T
e AR AR R AL B4 I R AR A [ Ak 45 1F R AN
fi] A S o3 S HE SR
4.5 ERSEHTER

TRAR SRR Q014 B 45 T A K- RGP kI
AL, IF R BT BRI 3 2 3 AN B KB B
AR T BRI B o T A
B, B SRR B B, AR A o) e e U A

FRETNREA KN ARG T &l g i F 2
B, 42 B ARAS B — AN #2 (Heinrich et al.» 1999)
SR P IRORE o 28 ek R T Al e R 1 K T R R K
eI AR F T B B 1) 42 R U0 3502 B R 1 (Candela
and Piccoli,» 1995; Williams et al.» 1995), A #kuE It
o K 4/ AT KIS IE# . Heinrich 5$(1999)
A0 R TIAE: [ IS 4 3R (R 980 1 7 R A7 1R AOAH 2 v
MW EE E AR ERIL 2217 A L% . Nas
K+ Fes Mn- Zn+ Rb~ Cs+ Ag- Sn~ Pb Al T A 4 3% # 3k
NWAH 7K F CBL CLZE S PTE D, 1T Cus Ass AuCBA
HS %% & W) T8 X0 W3k £ 38 N ASAH 2 F (Simon er
al.» 2006, 2007). Keith 55 (1997) fl Larocque %
(200004 H 4 2 43 H s DL SR A1 1 T A 0 P 30 42 B
% Bingham JE 4 Cus Mo B 1 229K 3)) /7. Hemley
(1992 % Fes Phba Zn Cu i 46 W) 7 S AL W) 5 i
(R AR AR T S5, 78 300 ~700°C +50 ~200 GPa 3
Fl A, Fes Phe Zn Cu %5 fif 11 b 5 3 BE AT CL- 5 = 1
Hhn i B4 b, BE & K Jy B39 o B 75 300 ~
500°C .50 ~ 100 GPa & ¥ e ol B 7t itk
HTUE I, 35 AH I H S AE T 25 51k R RIS SR mi AL
W 53 ff R0 FE RS, T kg A BT I8 Ak 1) 4 K o B At
KiEH] CusFesMo 5542 8 70 % (Keith ez al . » 1997
SCIGHERA, B AE 350°C LA BB Cl i A e ia
%, F2A Na(FeCl,) 8 Na, (FeCly), X P Pl 45 54
FELELL R P4 (Pirajno, 2008):

FeCl, =FeCly+ Cl™ 8 FeClj ™ =FeCl, +2C1~

IRBHE, $m C1 F HT WA R T80 Cl
KEYRAEKINTH, M HACKH R & T AR
WRIERE ST MK M R VE R 1) S 2% SR IT B i 1
HH I B O B ) B TR Sk M 2 I, S 3 AA pH T
i1 Fe 1 Cl 4 GG 8 R AEDTNE :

3 FeClZ~ +6 CaCO; + 3 H,O=Fe;0, + 6 CaCl, +
5CO,+CO+6 OH™
6 FeCly + 12 CaCO; +3 H,O=2 Fe;0, +
12 CaCl, +12 CO, +1/2 O, +6 OH~

B, R AR AR SRR A TE AR R

EREETARRT, M ATIEAE Fe M2 YR 2 DTTE -
3 FeChi™ +4 HLO=Fe0O, +6 HCl+6CI +H, 4
6 FeCly +8 H,O +H, =2 FeyO, + 18 HCI+6 Cl™

TER R0 IR, B A0l AR o B 32 2 00 A
BB, FEEEAE — R B S KRR SR 1, 1 iE N A7
FAINAT R A BH A A R 2R 2 REAE, IX e 5 K 4
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S

(20 & Cl A1 AT et A &5 R mT LR G b g R 9
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AR E S I N EE. MRSF EFH, KT E Nat
BINIE A AL E, WA ER X5 X IEA G
o ClmAAREEN O3 7 # 5 MDA M(3) %,
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