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Abstract: Tugen Mansu copper deposit in Xinjiang occurred in the upper group of the Early Car-
boniferous Kushanhe Group. The ore body is layered, controlled by stratum and structure in this
area. Using a series of analytical methods of rock ore appraisal, electron probe and scanning elec-
tron microscope, the authors found that the main metallic minerals are pyrite, chalcopyrite, por-

phyry, pyroxene, copperite, copper blue, natural copper, black copper and malachite. There is
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an obvious mutual accountability between them. According to the mineral symbiosis combination
and its spatial distribution in the vertical direction, the deposit can be roughly divided into oxida-
tion zone, secondary sulfide zone and primary sulfide zone, in which the oxidized zone is symbol-
ized as malachite. The secondary sulfide zone is mainly composed of chalcopyrite, porphyrite,
copper blue and azurite. Raw sulfide zone mainly consists of pyrite and chalcopyrite. Ore body is
mainly distributed in the secondary sulfide zone. Weathering and erosion of the ancient land pro-
vided the basic ore-forming materials for the deposit. The huge gypsum layer existing in the up-
per group of the Kushan River Group is considered to be the main source of S~ and the basin pro-
vides a favourable condition for the formation of the ore body. Ore layers were continuously
squeezed above the diving surface under the effect of tectonic stress. Copper sulfide was superim-
posed under the surface oxidation and leaching and the copper element was enriched, thus form-
ing a copper ore body.

Keywords: sandstone-type copper deposit; mineral combination; secondary enrichment of copper

ore; Tugen Mansu; Xinjiang
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Fig. 1 Geological sketch map of the Tugen Mansu copper mine in Akto County (After LIU Yunhua, 2013)
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Fig. 2 (a)The measured section of PD2848 —72 in the Tugen Mansu copper mine area, (b) The tectonic formation and

evolution of the eastern mining area of the Tugen Mansu copper deposit(c) The schematic diagram of the near-surface

fault pleat collapse structure in the western section

WX N R DA H A A AR AN 25 fomT e il & &
AV VG B A A SR A e i e B L R M Ak
ITE=N
2.2 RS

ARG GRS )EE W E KA 10 km, 77K 2 E
BEAR AR ARLZ AR AR A2 b2 A AR R
WEEEMG . 01k BB R A E B iR h  rk i 45
A IR —IR IR — IR A8 2R D 5 b A 2 R
8 A2 A i ] A Y R AR AL (B 200 ARWTBC T -
S5H R NAX BGREBEHEMT KR Z — 51k 2 02
PRGEBR S L R K 700 m, JEE AR AL oA
0.67~36.27 m,Cu Sk 0.26% ~4.78%, F
iR 1. 70 %0 s FEAR AR S A 0. 50 X107 ° ~236. 26
X105 R A R 32,96 X100, BT AR SRR R

10°~356° /18"~ 88", & 41 2L 1 oy & 4 K Bt K A1
AT RPN A L AR BCA 1] R RE A A AL
(UNES NI IR R EoR 2 T E

Wit RS N E AP T8
Ak X8 ¥ £ 2 A &0 (FeS,)
T (CuFeS,) BEH W (Cus FeS) HEH ™ (Cu, S)
& IE (CuS) Wz HoAth k4 1k 5 W DL L4 A (Cu,
(CO;) (OH) ) #3Ek5 (Fe, Oy « nH, O) , B4 1~
(CuO) K F A H (Cu, O) L F AR (Cu) F1 i 4 B
(Cu;[CO; |, (O DR Z . W A0 Y76 A R B B Al
XA EAT B B2 S R B LB A B N
F VB LB AR A R L KA T
BT DA A e Dy 3 O B K A SR M AR A R R
A IS ) B R S R R AR (R D

x1 TATWAMRE

Tab.1 Mineral composition of ore
7B FETY WEHY)
R gL B R BB AW R T R AR A
oAb A A& LA BB R P EANIER/S oI R
i e VS P A VR YERH A BT




112 Piodb o SR

NORTHWESTERN GEOLOGY

2020 4

A0 S5 K J2 B R R 4 4 ks AREs H AR
FRARGTHIGE . BIBRIRAS S5 M EE RPN &R A4 &
JBe & W 303 A1 T 1 T R 8] 119 25 Bt P (1] 3 [
3b [ 30) . AR ASAREEM BN S A%, H UL I ) i
Py S AR VR A0 SR A 52 AR 5 4 (& 3b T
3 B 3d) o R AT B i A AR BE SR AT L B AR AT (T
3c [ 3d. 18l 3e)  MEH A S AR BES A (18] 3D A 5
SEACHES 1 (18] 3g) 55 55 . 4 W) 22 (8] B 3R R A2 AR
.

740 K 3 2 B AT R YR 3 | 2% R 3 A Bk
WA I . R GRG E T22E 0 s BEAR A R
S AT RLAR B A R B0 A T A T AL AL
Bl e s R T 2R O A B BRSO A 4 A
EE AP AR ST R A s AR A B )R

IS0 B PN AT LA AR ) 1 A0 A B ISR 1 (G
AN ,2018),
2.3 FESEV WIS
2.3.1 #45 (Cu,S)

VR 0 X NI EZENT A0 Y, £
W B LA o, EE BB YRS T E)E
FLB = 1] 5 58 AR B4 T L B ) S A AE B
W E R % (B 3L 3h)  F 4 B A AR, (R
BF 5 Bl ] W PR AR I S AR (8] 3g) . FESRE T 2K
2 HIE MR &k iR 450 . 32 58 400k 3 3 40 R
G W IREF B o T A R BoR L E BT R
M B B L AE 74, 31% ~ 80. 34 %, i £ & 3 B 7E
19. 71% ~24.88% . 5 ¥ w v £ RO E ML T &
Cu 79.86%0,S 20. 14 YoM F AR fL A K L 25 4 Wb Ik e

a. AR BB (Py) 52 HCHR S2 78 T OB AL BR 2 18] 5 b, #54R B (Cep) BEHT 5 (Bn) 45 5 45 4 35 K 7 4 76 8 B0k oo 471 (Cv)
AR E T (Cp) BEH ™ (Bn) s d. BE G (Bn) M § (Co) s AR E AR B (Cep) HLH 0™ 4340 2 & A FL 46 £1 4k (MaD) s e. 4 85
(Cv) 3ZAREER 7 (Bn) L SEHR 67 (Br) 22 AR B4 5 (Cep) s £ BEH 67 (Bn) 55 3 M 7 (Cep) 5 38R AR RS540, BEHT 5 (Bn) 1 2 4
WEHR B (Co 285 g SRATH (CuO) ZEMHEM B (Co) sh. #HTH" (Cep) H Y (Py) A SR MEWH (Co) A0 B 1~
(Cp) B (Py) 51 BT (Py) KL B8 1L (Lm)
B3 TATVYEARREHFER

Fig. 3 Mineral composition and structural characteristics of ore
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Tab. 2 Results of electron probe X-ray micro analysis of chalcopyrite (%)

Y] As Fe S Cu Pb Zn Sh Ni Ag Co Au Total
W H 17 0.176 0.07 21.1 78. 28 0.147 0.084 0.009 — 0.18 0. 004 — 100. 049
A — 0.06 20. 97 79.11 0.097 0. 258 — — 0.082 — — 100. 576
WA - 0.113 21. 36 77.52 0. 14 0. 206 0. 035 — 1.3 — — 100. 674
HE A — 0.673 19.71 78.22 0.038 0.138 0.018 — 0.105 0.026 0.347  99.274
W — 0. 02 20. 97 78.57 0.035 0.033 — — 0. 302 0 0.022  99.953
WA~ — 0.014 21.92 77.17 0. 008 0.137 0.012 0.014 0.071 — — 99. 346
HE 1 — 0.179 21.11 77.95 0.118 0. 094 — — 0.567 0. 025 0.128  100.171
W5 1 — 2.03 24.06 75 — 0.063 0.008 0.016 0.014 — 0.397  101.589
WA — 0.616 21. 14 75.79 0.001 1. 74 0.01 99. 296
W H 17 — 0. 206 20. 93 77.83 0.018 0.127 0. 024 99. 135
WA 0.015 1. 96 23.21 74. 81 — 0.201 — 100. 196
1 — 2. 64 23.02 74.31 0.024 0. 604 0.015 100. 614
A 7 — 0. 054 21. 15 77.99 0.015 0. 269 — 99. 477
HE 5 1 — 1.75 22. 62 75. 63 — 0.017 0. 027 100. 044
W — 0.079 21. 27 80. 34 — 0. 234 0. 026 101. 949
WA — 0. 62 21. 09 78. 04 — 0. 24 — 99. 991
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Tab. 3 Results of electron probe X-ray micro analysis of bornite (%)
As Fe S Cu Pb Zn Sb Ni Ag Co Au Total
vy
w(M) /1072
T4 B — 12.29 26. 1 61.15 0. 084 0.11 0.009 0.035 0.019 0.025 — 99. 823
B4 5 0.275 11.83 25. 54 60. 88 0.099 0.035 — 0.002 0.917 0.023 — 99. 602
B 0. 064 13. 48 27.03 59. 15 0.179 0 0.033 0.019 — 0.039 0.192  100.186
T 5 0.039 8. 94 25.11 64. 42 0.012 0.024 0. 002 98. 548
B4 — 12.5 26. 6 60. 65 0.042 0.081 0.039 0.039 0. 458 0.038 0.244  100.691
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Tab. 4 Results of electron probe X-ray micro analysis of covellite (%)

Y As Fe S Cu Pb Zn Sb Ni Ag Co Total

i - 7.82 25. 29 66. 2 — 0. 089 — - 0. 262 0. 048 99. 709
Lo 0.141 7.82 25. 31 66.93 0.026 0.122 0.018 0.028 0.199 — 100. 595
i W 0. 254 5.42 24.92 69.19 — 0. 058 — — 0. 315 0.024 100. 181
A W — 4.18 25.05 69.51 0.071 0.12 0.035 — — 0.01 98.976
Al W - 9.93 24. 8 65.03 0.024 - 0.018 99. 802
A W5 0.042 10. 12 25.63 64. 49 — 0.031 0. 009 100. 321
A W — 8. 89 24.94 66. 46 — 0.163 — 100. 453
A W5 — 6.4 24. 37 69. 55 0.043 0.238 0. 006 100. 608
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Tab.5 Results of electron probe X-ray micro analysis of chalcopyrite (%)

w4 As Fe S Cu Pb Zn Sb Ni Ag Co Au Total
HA — 23. 69 30. 89 43. 44 0.097 0.129 — 0. 044 0. 041 0. 057 — 98. 387
B - 30. 13 34. 44 34. 43 0.125 0. 065 0. 02 0. 041 0. 004 0. 054 — 99. 309
B — 29.91 34. 42 33.93 0.101 0.013 — — 0.03 0.072 — 98. 476
AR - 30. 04 34.53 34.22 0.03 0.024 — — 0. 048 0.098 — 98.99
W — 29. 88 34.53 34. 06 — — — — — 0.068 — 98. 538
B 0. 009 24.01 31. 66 42. 46 — — — — 0. 052 0.016 — 98. 207
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Fig. 4 Sectional view of the 15th exploration line in the

western section of the Tugen Mansu copper mine
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AWML BATIERE , 5 2 H0FH T 5 B4
7RI R I W 5 — L (SIMON et al. , 20063
WA, 20105 XIRKZESE, 2007; HIEARSE, 201D,
P R Bk 3 SR s A FH R i K TR 4 2 b i 2
W FiE g, 5K S g5 A A BB A 4 Ak
WUtTE . FE LR E AL AR B R AT R0 2
ST ETERE.EDE LE AL AR L
TAETEFR KA Z KW 5% 3¢ B L T B2 b 5 L 4
W SPf E EEOk E (HITZMAN, et al., 2010;
ZHAO, et al. , 2013; /& ¥E%, 2012; 04 %,
1999),

Fe+2S™ —FeS, v &)
Cu*" +Fe*" +28 —>CuFeS, y CGEHH)
4.2 SFUHEEHRYIE
ARX AT IREAN K2 30~80 m, FEJ7AT

W IZ 5 % X AR 3 PR T s e da 7t 4
GO RRTEWOKE DL LB X AR E T AR
T AL ) ¥ I 2 T B A AL T BT R A Bl A 4 S
ALY (HITZMAN, et al. , 2010), Hripi&in £
KA G A (& 30 PR BBk Bl AR A A Y B TR
WA FEAGAE » ) Bl AE A B 0 B R R, L 1T TE 55 R
PR VA BT rPOK R R ke Bk R A A

FeS, +3. 50, +H,0—>FeSO, +H, SO,

FeSO, +3 H,O+1.50,>2Fe, (SO,), +6Fe(OH),
Fe, (SO, + (n+3) H,O—>3H,S0, +
Fe,O;.n H, Oy GEEH

il 1) B A 22 9 E ALY BB TR B W, T B S
5N . FEAXE ) 2 kB A LEA R
BB W AT R A B IR R VS VR E T B ) AR b B
iR £ 25 Sl VR A 5 Ak R BT IR 1R 7 )

CuFeS, (#4i#H) +40,—>CuSO, + FeSO,

2CuS0, +2CaCO; + H,0—>Cu, (CO;) (OH),
(fL#EFH) +2CaSO, +CO, A

3CuS0, +3CaCO; + H,O0—Cu; (CO;), (OH),
(S +3CaS0O, +CO, A

1S ] ) A A 0 0 AR A A B AR R AR
ARERAE . AR TR B R AR B Ak Z A R T TR AR
FR R AR A A DR 5 TR 46 T 28 3R B 0 kA 3R A AR
FEAER . WNAEA X 20 A )3z 1 R 1, 3 2
W B RAL =8 . ] WL, 9% KR AR A 5 4 1 T AR
AN — UM L T 2 28 7 K R A SRR B R 4
Bl TSN, FEE A o YA G 2K,
JiT b 7S [ R A7 E 4 22 5 (B KA, 2003)

4Cu, S+ 90,—>4CuSO, +2Cu, ORI #)

Cu, S+20,—>CuSO, + Cul [ 44
2Cu, S+50,—>2CuSO, +2CuO CRLIH)
4.3 REHBUYTEENE

WA MIZX EERT R EEX, HE
BV R R 500 m, M6 LW vk A fk
Je I 18 %) TR A DR EG I A BBE R ) WK DR, 8 i )
WK T CRAL R JE 51D DL B, CuSO, £ 188 J7 4 B3
LA AR 4 B AR 1 O A B AR R AR L 4 Cu
= EE., EAXKEFET T RELSBT YA
BEAR W R BT A 0 DL R S8 AR R AR B AR T B
WA, B LS R 2. W KK BT 5 iR T
By B o I D 2B B AL A1 R AF A 340 I PR 45 o 19 T AR
e 2 Bl R T 46 T 28 1 B3 L itk A ) AR AL BR B
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2 5 RN Hrh g A Can B R AL AL B
SR R 0 45 A7 AR S AT S O — 38 0 DU R
A A R 5 v W T 8 AT SE AR L AR A A A 40
52% S BOR X ALY Z (8] 4 5 B AN B fRUR
Wi S in s AL T Cu H 40 & s A3, A T
P A AL,
5FeS, +14CuSO, +12H,0—>5Fe SO, +
12H, SO, +7Cu, SUFE4i ™)
5CuFeS, +11CuSO, +8H,0—~>5Fe SO, +
8H, SO, +5Cu, SGEHI#)
CuFeS, +CuSO, >FeSO, +2CuSG %)
Cu:FeS, (B #) + CuSO,—FeSO, +
2Cu, SHEHI T

5 &5k

(1) B 5 AR 2 I3 b 5 B B R & s 0 ) 2 2
AT A ORI R A L AR B
W AR AL A R S A B AR R
. R AR B LS AR R BER Sk 3 T P A B
OO LB B MR Lk

()AL IR 43 R S Akl VIR AR & AR L R AR
et . T H 5T E S T Y TR AR T AR IR AR
Freldb A7, & 81 90 0 A W7 b e 1% s AC, S 80wk iy
Z 0] SRR N B 4

(I AR & IR AT R DR A 2 A
PHL S o T A S I D Ao R A e A B
A AR AR B AR AR R B AR T, DUVESR
PR Y. TEARFEME L B KA S B IRE AN
Wl %X AR B3 2 DR A s o 34 A 3R
I o B3 A B 0 0 R W T T R 5 L R AR B
T UUIAT R G AL B2 S B B e E T
Yy ARER B BEAR BT S A AR o L UG
A B R A AL RN R A A 784y R B A —
E AR I8 5 o HE 8 AL R BT O G R R T
K RZAXAJGHEWKT T,
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