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Abstract: This paper is the result of mineral exploration engineering.

[Objective] The relationship between structure—fluid and mineralization is a frontier problem in modern study of mineral deposit.
The orogenic—type gold deposits are hosted in fault zone, and are representative target to study structural deformation and fluid
evolution responsible for mineralization process. [Methods]The Sawayardun orogenic—type gold lode system is the largest gold
deposit in the Southwestern Tianshan Orogen, northwestern China. Basing on results of structural analysis, fluid inclusions and C—
H— O- S isotope, natures of ore— controlling structure and ore— fluid, and metal source were studied.[Results]The structural
deformation at the Sawayardun mine can be divided into the early ductile, middle ductile—brittle, and late brittle stages, according to
the crosscutting relationships of veins, and macro and micro structures. The three—stage deformation process associated with three
kinds of quartz veins (Qz1, Qz2, Qz3) from early to late, with gold mineralization being mainly introduced in middle stage. Quartz
formed in the early and middle stages (Qz1 and Qz2) contains three compositional types of fluid inclusions, i.e. pure CO,, CO,—H,O
and NaCl—H,O, but the late—stage minerals only contain the NaCl—H,O inclusions. The inclusions trapped in the early, middle and
late stages yield total homogenization temperatures of 237° C—386°C, 204° C —310°C, and 125° C—235°C, respectively, with
corresponding salinities of 1.4—9.2, 0.5—16.6, and 0.2%— 10.6 % NaCl equiv., respectively. The minimum trapping pressures
estimated from CO,—H.O inclusions are 267 MPa and 208—253 MPa in the early and middle stages, corresponding to lithostatic
depths of 10 km and 8~9 km, respectively. The isotope systematics shows the nature of metamorphic and meteoric fluids and the
hostrocks (Palaeozoic clastic and carbonate sediments) to be a significant source of ore metals. [Conclusions|The structural
deformation features at Sawayardun indicate that the mineralization was associated with the tectonic transition from the early NW—
SE— trending compression to the late strike—slip extension. The early compression caused the metamorphism and metamorphic
dehydration of the Palacozoic clastic and carbonate sedimentary rocks, resulting in the formation of the low salinity, CO,—rich fluids
and the early—stage barren quartz veins. Coupling with the tectonic transition from compression to strike—slip extension, the crust
was rapidly uplifted and eroded, the fluid system depressurized and boiled, and mixed with and input by and mixed with the

meteoric water, causing rapid escape of gases such as CO, and deposition of ore—metals such as Au.

Key words: Orogenic gold deposit; structure; fluid; mineral exploration engineering; Sawayardun; Southwestern Tianshan Orogen
Highlights: The structural deformation at Sawayardun comprises two stages: pre—ore NW—SE—trending compression and syn—ore
strike— slip extension; Combined with the study on the characteristics of ore— forming processes, the structure— fluid and
metallogenic model for the Sawayardun deposit is established.
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Fig.1 Tectonic map of deposits of the Tianshan Orogen (a, modified from Zhang et al., 2017) and geology and distribution of

deposits of the Southwestern Tianshan Orogen (b)
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Fig. 2 Simplified geological map of the Sawayardun gold deposit
(modified from Geological Team No. 2, Xinjiang Bureau of Geology and Mineral Resources, 2015)
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Fig. 4 Field photos of the Sawayardun gold deposit
a— Ductile deformed carbonaceous phyllite with small folds of early quartz vein deformation (camera faces northeast); b— Early— stage quartz

occurring in carbonaceous phyllite in early ductile deformation stage; c— Ductile and brittle mineralized alteration zone during gold metallogenic

period; d—Quartz veinlets crosscutting the earlier formed quartz veins in late brittle deformation stage
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Fig.5 Photos showing ore petrography of the Sawayardun gold deposit
a—Early—stage quartz vein; b, c—Middle—stage quartz—polymetallic sulfide vein; d—Late—stage carbonate—quartz veinlet; e—Early—stage quartz
showing subgrain structure and wavy extinction; f—Middle—stage quartz—polymetallic sulfide vein and late—stage carbonate—quartz veinlet; g—

Early—stage pyrite aggregate showing lens; h—Early—stage quartz—pyrite vein and middle—stage quartz—polymetallic sulfide vein
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(5 e 555, 2004)  TH iR B R R I B P (- 196 ~ +
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I COAV (o, +L ) i LI SRR Lo fal, aT
E—2L X153 R E CO.EAR(CL B, 1K 6d.e) FIFT
CO L Z Ak (C2 1, B 6b.c) . HHar# CO,
(V o, TL o, ) i LA AR B 50%~95% , J &
COAH 5 BT 10%~50%

4 CO, B AR (PCHY) : Z2 R AL R A IR ok
ALY, 5~20 pum; S5 2 BN BAH 8 TR

30pum
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Fig. 6 Photomicrographs of fluid inclusions in quartz from the Sawayardun gold deposit.
a—Fluid inclusions in sulfide—coexisting quartz of main—stage; b, c—CO, poor fluid inclusions (C2 type); d—Coexisting C—type and PC—type fluid

inclusions in main—stage quartz; e—Coexistence of the W—type and C—type fluid inclusions, implying for fluid boiling; Vco,—vapor CO,;
L o, » ~liquid CO5; V , , —vapor H:0; L, — liquid HO; Fls— fluid inclusions
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7, 53R

(1) BT A e — gk rh 3 iR
B EE . CRUEEIRILE CO, =, BB )G
] Y 2k 2 o [ S COL WA IR R — 65.8°C L, IR T
CO, 1) = AH A (=56.6°C) ; B AW 6.9°C,
P A AL BEARER T 5.9 % NaCl equiv. ; CO, #5531
— B 26.7°C , B — B WAH ; I #A 2 358°CH, A
FERIR R 5E ) — M —Jr LN AR — . 4l
CO MU ZER I N RN AR R R B a3
CO, S, [l A v [ 2 COMIIR IR E H—65.3°C,
CO ¥ —TF 28.5°C, ¥ — AW AHE —. W
Tl g B, vk o5 T A —6.0~—0.8°C , Xt I £h i
1.4 % ~ 9.2% NaCl equiv. ; L ZE{ATE 237~386°CH [1]
WA — o B BAH XA I R R AR —
B A s, WO A A% 2.67 g/lem’, il CO,—
H,O 7Y 4 22 1A 31 530 5L 3 (%) 3 44K & 77 4 267 MPa
(Brown, 1989), XJ M JE AR EE A 10 k.,

(2) A -2 & mmA Y ik i C T4
TRH) CO, & A, MM BR L +V o, AHFT
FEBIR T 50% , A ZEAA L 2 AT 35 80%., F34h, /K
BB AR, WL Co ik, CHY

1 FRIRAESY KAZERE 6 R G R HIRS R

Table 1 Microthermometric data for fluid inclusions in
quartz from the Sawayardun gold deposit

Wk KR K T 0, /C Ta/C Thiw,/C Ta/C  Thal/T

C 1 -65.8 6.9 26.7 358
F1]
PC 1 -65.3 28.5

W 16 -6.0 ~-0.8 237 ~ 386

C 8 -705~-672-0.7~2.13.5~48
I PC 2 -67.5~-67.1 3.8~43
w24 -2.7~-0.3 204 ~310

255~270

me w77 -7.1 ~-0.1 125 ~ 235

TE:T o, —COMEANELIULIE ; To0e—COIE AW R UL 5

T\ co, —CORI I —URE ; Toniee— VK AIELEE 5 T8 22— E

AR E S COMNIE IR N —70.5~-67.2°C , IR T
afi CO, [ AHH) 45 IR BE {8, R WA BB CHL N 55 41
gy, SEOthr 2 GEmR S W) & (K1 8b.c) ; CO. %
BREAIRE AL T —0.7~2.1°C, H N £R BE 1y 13.1%
~16.6% NaCl equiv.; CO, #B 7+ ¥ — i F&F h 3.5 ~
4.8°C, &I AT — s AR TE 255~270°CHT 5E 4=
P — A o Xt T WA B A KN R R R -
2.7~

—0.3°C, Xf o 5 B 4 0.5% ~4.5% NaCl equiv. ; £ 52 {4
15 204~310°CH)— , 47 AW AH IS — K 740
] A 24— o 4l CO, A 2 R W 05 L i N — 67.5~
~67.1°C, CO, 2R3 —FIEAH , #5335 — IR EE oy 3.8~
4.3°C, MRl C A AARAL S H /N T R 208~253
MPa (Brown, 1989) , i i i R 4y 8~9 km,

(3) 01 2 — R P R ok T AN D AR B 2 U
HvK AR B K —7.1~—0.1°C , #H B 5 0.2%~
10.6% NaCl equiv. ; il 13 AT R ik 58 23—, 4 —
IR R 125~235°C,

5.3 A SHIENXLE R

AL AR BOER 2GS MR B, 5% FL R
A W I A B ik G C A A AR B 1
BUAK CRRFIE 3450 em ™) (& 8a) , AR/ 2
CO,(FifiF I 1386 cm ™' #1282 ecm™) , ILAMAH —E
Y CH, (5 AF 0% 2913 em™ ') A1 N, (HRAE 1% 2328
cm ') (& 8b, ¢) . PC AU ZE{RER CO A1, HB 475 b
i CHAN, (] 8d) .

6 B IR

A H-O [Ff E a2, WFEh
AT LAUE 1 AP0 60 B 5347 7E 19.0%0~21.5%0 , &
200, FI A5 — 7K Z 8] 1) & R 287 i 43188
£ 10001n0a 4 % x=3.38 x 106/T°—3.40 (Clayton et al.,
1972) B AR — IR B E AR A A TR 3
5547 538 3] 43 18 O M 0 I AR 00w (H J2& 4.1%0 ~
16.2%, ( 22 2) , W42 4R 1542 2 7K i oK 19 oD fH
—110%o0~—70%o , 78 A K 22 BUKCIR 4 57 50 [l (&1 9;
Kerrich, 1987; McCuaig and Kerrich, 1998; Ridley
and Diamond, 2000; Chen et al., 2012b; Zhou et al.,
2014a,b,2015) , SBUHLTIIH A A 1 LA G 07
HHAL(Goldfarb et al., 1991; [K19), BRIV /RTH 46"
T BEFAAR 6"0w (A AL T 13.5%0~16.2%0 , 6D 74k,
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Fig.7 Histograms of homogenization temperatures and salinities of fluid inclusions in quartz from the Sawayardun gold deposit

T =102%0~—71%s , 553 11 V5 1E 728 UK L K ]
FIATI (&1 9) , 32 B ™ it A4 mT i 32 2 o A48 i i 4
BRSO, B A0 (D) ISR oK, H
10 A ST BE VAR 573°C (el S) L B, ARk
Jei XS W3 35 K AR R A 3 e K S
Ina sk > O FIH 4, BIAI) R 3 K AS BT 128, 12O T [
T3] 310~360°CHT /3R " Ow FE 13.5%0 ~ 16.2%0715
il Z (3R 2), I BR B IR I IK 8 Ow 205 T
16.2%, 17 F SR AL 1 A IE 0" 0w>> 16.2%0 75 2K K ;
R 2 A8 b, o B2 70 R i Ak S 2 (Wlff
etal,2010), (2)FBrEF2EE 4 CO AR K

R B CO,—HO AU BEAARFUK S M 4, H AN,
CH.(Chen et al., 2012a) , J& 28 BT i (A A M ALREAE ([
T 5e5F, 2007) o BRI, B FOP R 900 4 L B Be ™
TR 0 Ow AT BERE A I K 1T L BE AR K. HBY
B A 60w 2846 T 10.7%0 ~ 12.6%0 , 5D A —110%o
~—T6%o , 0" Ow [H 125 T 6%0~9%o H 1] Iifs 7 3% R 1Y)
00w L, BTSN B KTE B AN, X — 4 5
BB, DB T B B A AR AR . R,
B B 0O fHRFEAIG , IR LA b 2 v AR K A
IR A 38 1Y (Zacharias et al., 2009) . B i B i A4
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Fig. 8 Representative raman spectra of fluid inclusions of the Sawayardun gold deposit.
a—Spectrum for liquid bubbles of CO,—H,O inclusions; b— Spectrum for vapor bubbles of CO,— poor fluid inclusions (C1 type), containing variable
contents of N,and CH,, in addition to CO,; c—Spectrum for vapor bubbles of CO,—rich fluid inclusions (C2 type), showing variable contents of N,
and CH.,, in addition to CO,; d—Spectrum for pure CO; inclusions, containing variable CH, and N,, in addition to CO,

10 k\fﬁ%%&ﬁ‘ﬁk
+
-1 Smow T | REET W
' i
7 TR R
5™ 1
g [ - I
©n o 0- ] I
°, S " d
-90- BHK
— ' e ©® FHIE
-1104 X P .' Early-stage
¥ B
am—stage
B A A BB
Late-stage
-150 = 1 1 1
-20 -10 0 10 20 30

(Smosmow/%o

K19 B2 LMK H Wl Fi AR 00 —oD 4l OFE K41 Taylor, 1997, HAbA™ ARARH 1 SCRR WL IES0)
Fig. 9 6"0—dD plots of the ore fluids at the Sawayardun gold deposit (Domains for metamorphic and magmatic fluids are cited from
Taylor (1997), and other deposits data are cited in the text)
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Table 2 The 6”0, 6D and 6"C ratios (%o) of the
Sawayardun gold deposit

G5 FERT Uﬂ,‘m 80wy 60, D, 6°C o, T/C KB
FEfh
1 KI16177-1 A% 205 153 -92 -1.8 355 R
2 KI6166-1 ¥ 200 135 -85 -11.8 310
3 KI6177-7 A% 212 159 -79 -54 350 H
4  KI16178-1 e 208 158 -77 -102 360 H
5 KI16179-2 FE 205 153 -83 -39 355 H
6 KI16179-4  fy3 208 156 -77 -10.1 355 &
7  KI16179-8  fi# 214 162 -71 -27 355 &
8 KS5-3 Y 20.8 156 -102 -34 355 &
9 KS5-4 PEES 202 150 -89 355 R
10 KS5-5 VEE S 20.1 149 -100 -47 355 &
1 206 153 -86 -6.0
11 KI16177-3  f% 21.0 125 -83 -55 260 *f
12 KI16174-5  fi 196 107 -76 -2 250
13 KI16177-6  fi% 215 126 -91 -5 250
14 KI16179-5 Ak 206 12,6 -86 -93 270 *f
15 KS3-2 9 203 125 -110 -54 277
16  KS3-3B Y 202 124 -8 7.7 277
a2 205 122 -89 -58
17 KI16165-1  f3 190 60 -74 -98 180 M
18 KI16165-2  fi3E 195 78 -70 -3.1 200 Hf
19 Kl16174-4  fG3E 199 72 -88 -105 185
20 KI6178-2 A 192 74 -8 -70 198 M
21 KI16178-3  f3% 195 41 -78 -36 150 M
22 KI16179-6A % 202 48 72 52 150 W
23 KI6180-1 A 194 64 -71 32 180 W
24 KI16179-6B  fi & 21,5 65 -8 -58 155

Fi 200 63 -78 -6.0
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CO,(—7%o~—11%o, Schidlowski, 1998) 7% 7K CO,(—
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OB Bl (Hofes, 2009) , {H 2 % FLAV /R il 42 17 [X
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AT e R TR 12
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B4, bW /NZE 14 (Zhou et al., 2014a, 2015) , /K
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Table 3 The 6'S values of sulfides at the Sawayardun

gold deposit
75 FE 4 'S/% W 5"S/% BB
1 K16179-4 AT -1.8 B
2 KI16179-8  HEET -1.2 B
3 KI6179-2  HEH 1.4 B
P -0.5
4 KI16179-5  HEEK" -0.5 #q;E 06 LE
5 KI6177-4  #EE 0.5 #Hw;E 05 LY
6  KI16177-2 kY 1.4 H#W 1.0 GE
7 KI16177-5  EERE 12 #H 06 EE
8  KI6179-3  EEY™ -1 #HP 01 EE
9  KI6177-6 Y 1.2 #HP 02 EE
P 0.5 0.5
10 KI16179-7 kG- 0.6 1]

NW-—SE [n] &% 8 Mt i s 45 ol 2 &
T DXIEPE R RIR L S 30T A 5E X NNE Ja] Wil
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M B 0.5% ~16.6% NaCl equiv., 2] B By Bt 0.2% ~
10.6% NaCl equiv. , £5 B 5E T 15 PRI 5 T4 20 A
B R Bt HLO—CO,— CH,— N, 1 £ [ 16 [ B HLO
KRR, CO, .CH, NS K0 BB A AR

5% ELV /R B 440 R 9 B ) A e e AR R AT
I, RH 3SR XS R A LU RRIE - (1)
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Fig. 11 Structure—fluid and metallogenic model for the Sawayardun deposit, Southwestern Tianshan Orogen (modified from Chen
Yanjing et al., 2008; Chen Yanjing, 2013)
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