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Fig. 1 Frozen transmission device ( Cryotransfer)
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Fig.2 The micrograph of the fluid inclusions containing daughter minerals in quitz in Zouping Wangjiazhuang copper deposit, the
secondary electron images of frozen fluid inclusions and the energy spectrum of the daughter mineral and frozen liquid phase in
the fluid inclusions

a0 WA T AR OR L, V—"C, S—Bifb# , h— 382 T4, Hem—2R B s b— 330 i B8 T O Il MR EL B O TR 4 T R fBome (R

THE) se—FRREL T (1) BT 9 B (2) R RS IO (TR THAE) o d—T&] 2¢ TRy 1500 S RBIE 1AL, 707 W03 S (e, Cu, B 35 4

W (ZRIHA NaCl 5B ) se—I&] 2¢ WP 2 S G RETE I, 0 VRV , & KCLFN NaCl,

U VPR 2L 43 9 B T VAR A, XS T BT KHFELIY L 18/16 X 41.67% =46.88%

S A A U 9 DK 2L 4 B A B T RS S VAN A B 540 H, 0 + Na + K+ Cl

LTE R AL 2 Sk A T 7 S =46.88% +5.85% +16.18% +3.60%
=72.51%

1 RUIRI I RIS RE S AR HhJE=Na + K+ Cl=(5.85% +16.18% +

3.60% )/72.51 =35.35%
A SRR AL ZE AR SR 23 i I, DAEAT Y
BB (QMS) | (E i SEKE A A o 2 A A 2 42

Table 1  Quantitative analysis results of energy Spectrum

M B ER (%)
% 0 Na S S € Fe Cu P K EA

1 14.7 1.61 9.72 14.32 4.31 16.95 12.79 25.6 - 100 %,q&%@fﬁitﬂ%ﬁi,Zﬂﬂﬁﬂ"]%‘{ﬁ%ﬁ%*ﬁﬁ@lﬁﬁ,jk
2 4167 5.85 1719 - 1618 - - 155 3.60 100 PAAN LB ) SR IR B AR R AR AT I
Y TR M A I A A A R T R B PO B IR o HEREALR IR AR R - 185°C . Hlig L infes

SAHVRES , BT HIRENS B IS, (852 H Rl

UHREER 2 SR IASE RS AR AP ReA RIELEE R A AN 2 i B, TT LA 0L
ROERIE T RETEDURREIN M H, EX R O R . IR 9 A T VKRR
WA AET HyO K O BB MBS H, 0 3510 Ne: —249°C N, : - 210°C, Ar: — 189°C, 0,

(1 SBT3 40, Si A B A ROV 2 I AR B IR BE - 192.5%C,CO,: -78.5%C, CH,: - 182.5°C, G, H,:
FISEIR , PSRRI A 52 -169°C,C,Hy: - 183°C, J5 4 Bl al BEHE H AT 1974

— 554 —



55 4

WP, 45 Al AL BERE 1 5 v VA4 e XK P 3™ ) A A 22 AR VAR 1 2 B 5 TR TS

%34 &

BeEIRGS . A5 A R VR IR B i — B FRAIK K A
A RE I3t A AR v SRR A A, AT Al — 2 1 52
s
3.4 ANEWTY-UAERG Prb i g ikok

5K

J2 AU — A RE B AN BT A
ANEBNT PR, ©— il H A 5R MG
B M B ) A 2 AR 118 DK IR B R 8 —
T ARUESLEGUESE T LLAEBF ST Hh 0 4 I8 1k 2538
R BT 2 M R B NaCl K Cl /K 5 3R (A Hh &y
HR R R A 1 U SOGB4 BT TC A A
N, BARAS R BA BRI 17 B4 b
IRAL R BN 50 WA T VAN 32 0 1) 3% W) B ) 5%
W) , AT B IS 37 W] 07 ) 180 RS 3 B B
(R A A S AR 1) R I8 o T I B VR 2 R A
BT, b B AR R A 0 A S E T
Pyt (A4 2 PR T 50 T BT I, A 1 B A3 A
SR T T TVE B 1 R4y, % I ™
AR B AH ARSIy 2 TR, 3% T ) A
FEBRAL D o AR FE 03X B MR T7 15 TC 8 AN id
WA ) v i AR AR AR I B R4 T — AR
SR
3.5 AR JiEMGGE R i M MR P B SRR

Jiikm s

H TP Y2 VR 5 HRE il 8 Rl FE AR R, —
A S min (YIS [E], JEOR B 10 8o A 2 3
S, WA SAH TP Rk AR s
A 7K NaCl KCl 28R 281 7K G4 B BT AR X
TR HO AR, R AN 2352 MR 18

5 B AR A G DA e, AR 5 ik A s e
TR I It 4 B2 A o /NORE AN 3% W 11 ) S
AN W40 v A AR A VRORE B A, T EL X DA g
TR BRI . 55 M A
L ERET BRI LA, D S 7E T IR B A b 1 7
W PR A AR, K B 9 5 5 SR Ak
SWOEHLE 6 OB, S TE T RE DU i A fu g 1A
AN I3 W -0 W) RSS2 WA ) b B AR B R R
AARLSY , BRI AR b 2 25 Fh LA BB AR Y
VSIS . LA o A A A I LR, A
JITE T IR A AR AL A3 v AN B . 58 F %k
FPOARAT Bt i LA, P s FE T2 B0 — i R L 1A
(R ST, AN 2 TR A B U, A 98 %) 2 B8 A
X

4 4k

SCHUE I VR T B BT S X LR RE
TR REA ST ) R R G S AT ) S
FEBIT , 45 A TR 4 SE VR RAERf , A BR AED
TEEEREESN  ILBEL ) K Na Ca Cl 273 41 73 19
Fi e ITIEARURYE T IR BT N YRR A
BRI T A 5 48, T IT A 2R S 5
WY1 o U W8 Dy IR AR IR AL, ke 1 14 P
RETE HLAEN L NIRL T (VT 1 ~2 um) A iE
WA R IRl i 5y WL iy i e AN
W™ ) P R AL A A R R [T AT S A R, BA
BAF A L AT, R BF 4  T  l eR BE A R AL
VA BN TR o Xk T RIS BT U A 7 AR AL |
JEU IR AN B AT A% B DT o 4 45 2 1) R A
IR, S i A R AT K P R 275 5

55 280 AL B AR o A A5 1 — R 1% 5
LB A LR A SN, A AR, . 3
PRef BTN 3-8 ) 225 18] 52 Bl s m a2 2R, 1
3 H A PIARRS T REIE K B LA o AT I, 5 BT
I H BAL TS TR R AL, 252 X RS 5 /Y
M, R AR 25 2 MR e A AT 5 — Ak Ak
H A AT E 22 52 BV IR OS2 1 4. mli oo
R BENIUPERE R 24, H AHT B BE T 10 n] 2 B e
Rl Be ~ " Pu (HERITT R 19407 3 LR, 0 iy
FRES R ERIRE R 22 .t TIZ07 R A 2
Ve URIEMEFFITIT I #EAT I, A i vk 5 B e
WG T ATt A T AR A AL e A S oK
i B2 AN —JRLRE o 2 A rp SO 0 Y Il 2
PR R

Brigh: AIULARERS 2 Gatan 24 747 45 TR A6
& TRRITA R Bl , 8 % Kb AT T PR am i i
R TSI, FE BN 20 1 A !

5 ZE

(U] s S ibs, (LB 5o 2. MR M]. bt
B2 fiat 2004 .1 - 2.
LuH Z,Fan H R, Ni P, et al. Fluid Inclutions [ M ].
Beijing : Science Press,2004 .1 -2.

(2] WIER RIUE, BT, S W L6 R R
Pyrfim R B S T ) B L B AT ST L) ] R
H#b 57,2004 ,23(3) ;375 - 382.
Xie Y L,Xu J H, Yang Z S, et al. SEM/EDS Study of
Daughter Minerals of Fluid Inclusions in Garnet and

Diopside from Tongguanshan Copper Deposit[ J ]. Mineral
— 555 —



45

HOW
http; // www. ykes. ac. cn

iy

ot

2015 4

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

Deposits, 2004 ,23(3) :375 - 382.

XNZ R T, W55 57, 45 VLV E B e B 517 PR
PR R T SEM — EDS fiF 5% K HOO A I (A4
JRIGHIZI [T ] A AR, 2011,27(5) 21397 - 1409.
Liu X,Fan H R,Hu F F et al. SEM-EDS Investigation of
Daughter Minerals of Fluid Inclusions at the Dexing
Porphyry Cu-Mo Deposit, Jiangxi Province, China [ J].
Acta Petrologica Sinica,2011,27(5) :1397 —1409.
R, 2RI, EE 2 B N A R R T
YIS [T ] HBTRHE IR, 1998, 17 (HE ) <111 - 117,
Fan H R, Xie Y H, Wang Y L. Determining Daughter
Minerals in Fluid Inclusions under Scanning Electron
Microscope [ J ]. Geological Science and Technology
Information, 1998 ,17 (Supplement ) : 111 —117.
Kouzmanov K, Pettke T, Heinrich C A. Direct Analysis of
Ore-precipitating Fluids : Combined IR Microscopy and LA-
ICP-MS Study of Fluid Inclusions in Opaque Ore Minerals
[J]. Economic Geology,2010,105(2) :351 —373.
Riehards J P, Kerrieh R. Observations of Zoning and
Fluid Inclusions in Pyrite Using a Transmitted Infrared
Light Microscopy (A < 1.9 pm) [ J]. Economic
Geology,1993 ,88.716 —723.

Ayora C,Fontarnau R. X-ray Microanalysis of Frozen Fluid
Inclusions[ J |. Chemical Geology,1990,89.135 — 148.
Schmidt C, Martin A Z. In-situ Raman Spectroscopy of
Quartz: A Pressure Sensor for Hydrothermal Diamond-
anvil Cell Experiments at Elevated Temperatures [ J ].
American Mineralogist,2000,85:1725 - 1734.

Moritz R. Fluid Salinities Obtained by Infrared Micro-
themometry of Opaque Minerals: Implications for Ore
Deposit Modeling—A Note of Caution [ J ]. Journal
Geochemical Exploration,2006,89:284 —287.

PG, R B YRR B R O TG4 0 A 2
[J]. #ERFLF I ,2000,15(6) :673 - 678.

Sun Q, Zeng Y S. Development of In-situ Analysis of
Individual Fluid Inclusions [ J]. Advance Earth Sciences,
2000,15(6) :673 - 678.

SRAEC, TR AR, 45 O & PREHTE U A 2
PRBIFFE PR LT ]t SR BT R 2, 2007 ,24.(4)
238 —244.

Zhang M ,Zhang J F,Li L Q,et al. The Application of Laser
Raman Microprobe to the Study of Fluid Inclusion [ J].
World Nuclear Geoscience ,2007 ,24(4) :238 —244.
AR, SR E . RO & 7R A R~ b B B
FILI]. A, 2001,20 (1) 243 - 47.

He M C, Zhang Z ]. The Application of Laser Raman
Microspectroscopy to Study of Mineral Deposits [ J].
Rock and Mineral Analysis,2001,20(1) .43 -47.

— 556 —

[13]

[14]

[15]

[16]

(17]

[18]

[19]

R IR R U, 45 UK £ e BEA 6 K2
SV AL 5 00 i i A B R IE S [T ], A2
#%,2005,21(5) :1409 - 1415.

Xie Y L,Hou Z Q,Xu J H,et al. Evolution of Multi-stage
Ore-forming Fluid and Mineralization : Evidence from Fluid
Inclusions in Yulong Porphry Copper Deposit, East Tibet
[J]. Acta Petrologica Sinica,2005,21(5) ;1409 —1415.
W, R AO0 T, S5 Y X T B R
AT A B R B (BETE ) 20— DA AT 8
WRABILT]. 07 RHLIGT,2006,25(2) 147 - 154.
Yang Z M,Xie Y L,Li G M, et al. SEM/EDS Constraints
on Nature of Ore Forming Fluids in Gangdese Porphyry
Copper Belt: Case Studies of Qulong and Tinggong
Deposits[ J]. Mineral Deposits ,2006,25(2) :147 - 154.
FRSERABUA FBE — RERETE S B AR B
WHFEHFRINALT . E A4, 2000,16(4) 711 =714
Shan Q, Niu H C. Studying of the Composition of the
Fluid
Microscopy and Energy Dispersive Analysis [ J]. Acta
Petrologica Sinica,2000,16(4) .711 -714.

WEF AT U, 2. XU RS H 4717 ih {1
BB R BT RN A ok 1B U R B 2 R A R
PalJ]. A 2%4R,2006,22(4) 1023 - 1030.

Xie Y L,Yi L S,Xu J H, et al. Charateristics of Ore-
forming Fluids and Their Evolution for Chongjiang

Single Inclusion Using Scanning Electron

Copper Deposit in Gangdise Porphyry Copper Belt,
Tibet: Evidence from Fluid Inclusions [ J ]. Acta
Petrologica Sinica,2006,22(4) :1023 - 1030.

XM Fi , B8 F BT, THRAR, 55 L ARAR - K 11 2
%4 &5 SHRIMP #4577 U - Pb FESHH Re - Os 4f
W], HoFiE R ,2013,32(10) : 1621 - 1630.

Liu P R, Xiong Y X, Ma X D, et al. SHRIMP Zircon
U-Pb and Molybdenite Re-Os Age of the Copper
Polymetallic Deposit in Zouping Volcanic Basin,
Shandong Province [ J ]. Geological Bulletin of China,
2013,32(10) ;1621 - 1630.

WG R 0T, A5, DY X I ST B R
JT B R A ZE AT ST [T ] 57 R 3 5T, 2005,
24(6) ;584 -594.

Yang Z M, Xie Y L, Li G M, et al. Study of Fluid
Inclusions from Tinggong Porphyry Copper Deposit in
Gangdese Belt, Tibet [ J ]. Mineral Deposits, 2005, 24
(6):584 -594.

F L ST A R RIS R R A T 1y [ ]
RIS TE,2000,46(4) :385 —392.

Lu H Z,Guo D J. Progress and Trends of Researches on
Fluid Inclusions [ J ]. Geological Review,2000,46 (4) .

385 -392.



55 4 WP, 45 Al AL BERE 1 5 v VA4 e XK P 3™ ) A A 22 AR VAR 1 2 B 5 TR TS 534 %

Determination of Solid-Liquid Phase Composition of Fluid Inclusions in
Minerals by SEM-EDS Coupled with Cryotransfer

YANG De-ping' , SHU Lei' , XIONG Yu-xin' , WANG Xu*, LIU Peng-rui', LIU Zhi®

(1. Shandong Institute of Geological Sciences, Key Laboratory of Metallogenic Geological Process and Resources
Utilization in Shandong Province, Key Laboratory of Gold Mineralization Processes and Resource Utilization,
Ministry of Land and Resources, Jinan 250013, China;

2. Development Department of Unilever Company, Shanghai 200131, China;
3. Beijing Office, Gatan Inc. , Beijing 100020, China)

Abstract ; Daughter mineral species, chemical compositions and distribution of daughter minerals in fluid inclusions
can provide important constraints on the composition of hydrothermal fluids, physicochemical conditions of
mineralization, the regularity of fluid evolution and ore-forming mechanisms. The traditional methods however,
have many limitations such as finding target minerals and identifying opaque minerals. Described in this paper,
fluid inclusions in minerals are frozen and then opened by Frozen Transmission Equipment ( Cryotransfer). The
compositions of daughter minerals and liquid phases are determined by Scanning Electron Microscope (SEM) and
Energy Disperse Spectroscope. This method solved the difficulty in finding target minerals by SEM. Daughter
minerals cannot be lost after opening liquid inclusions, and cannot be mixed with debris. This method can
effectively determine the compositions of small-sized (1 =2 pm) opaque daughter minerals and the solid-liquid
phases of fluid inclusions in opaque minerals. Mass fractions of Na®, K¥, Cl™ in liquid inclusions of
Wangjiazhuang copper deposit in Zouping of Shandong province are 5.85% , 3.60% and 16. 18% , respectively,
and the calculated salinity is 35. 35% . The opaque daughter minerals are identified to be chalcopyrite, which
proves that chalcopyrite has crystallized from hydrothermal fluids with high salinity. This study provides a new
determination method for fluid inclusion, and has great significance in analyzing the compositions of solid and liquid
phases in fluid inclusions.

Key words: fluid inclusions; solid and liquid phase composition; Frozen Transmission Device ( Cryotransfer) ;

Scanning Electron Microscope; Energy Disperse Spectroscope
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