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Fig. 1 Geological sketch map showing mineral resources in the Kumtag—Shaquanzi area, East Tianshan

Q—Quaternary (E,—N;)t—Eocene—Miocene; P.d—Upper Permian Darequan Formation ; Pia—Lower Permian Aqqgikbulak Formation;

Cxd—Upper Carboniferous Dikan’er Formation ; C;,g—Lower Carboniferous Gandun Formation ; C;y—Lower Carboniferous Yamansu Formation;

Jx—Mesoproterozoic Jixianian System; Ch— Mesoproterozoic Changchengian System;y,'.y,/~Hercynian granite ; 8,’~Hercynian diorite ;

O—ore deposit (occurrence) ; 1 —Distribution area of the Upper Carboniferous Dikan’er Formation; []—study area;

A—Kumtag gypsum—siderite district and area east of it; B—Yamansu 188 copper occurrence to the southern part of the Yamansu iron mining area;

C—Jingxia copper occurrence to the large sand gully area southwest of Jingxia;

D—Shaquanzi iron deposit; E—area north of the Shaquanzi copper deposit
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A—SERPTRRUIA, 41°51°01"N,94°13'05"E, LA BG0K T =AM BURH b AU 038 B— LA Bt (B ) A, Jf45 0K T = A RT3l 4 AH
JX=50—H AP BT 24 Bk 2 ; C—41°51'04"N,94°13'17"E,  FAREE JX53— & BR DA D—0 B C, IR (JX54) I K#H 20cmx2em, #H K
AT TSERPIZ 0 Al E— D IR T L, 41°59'17'N,94°50'17'E,, L AT B SR LLOARTRA [ DU ALy B 1 ORI s F— T IR 8k VG 1A 188
HA" 5, 41°53/03"N,93°45'44"E,, SFLLATBRE  TRI/NEZAE 5cm FARLLT  AHE 10 em s G— MBI TG H S8 07 IR , 41°45'45'N,
93°11"41"E, ST41— K IR TTHUE LAY Z0 R AF 8 s K G AT R AL 6 68 4 T 4 A IR s s H— 2 5 H) G,
ST43—#M B LY 2 RN B ISR T, 7R, 1400 £41°
A—A large sand gully southwest of Jingxia, at 41°51'01”"N and 94°13’05"E ;margins of an alluvial fan of Late Carboniferous subaqueous delta facies;
B—Upper Carboniferous;location same as A; river—controlled subaqueous delta channel conglomerate facies. JX—50—gritty poymictic conglomerate
C—Location:41°51'04"N and 94°13"17"E. JX53—Late Carboniferous gravel—bearing siltstone ;D—Location same as C. The largest distal pebble (JX54)
is 20X12 cm, and rock fragments, feldspar and quartz occur parallelly to bedding; E—Location :north of the Shaquanzi copper deposit, at 41°59'17"N
and 94°50"17"E. The Late Carboniferous purple polymictic conglomerate changes facially westward into pale grayish white grit; F-Location: 188
copper occurrence southwest of the Yamansu iron mine, at 41°53'03"N and 93°45'44"E. Gravels in the purple polymictic conglomerate are mostly <5 cm
in diameter and individuals are up to 10 cm in diameter; G—Location : Large Kumtag gypsum-—siderite deposit, at 41°45’45"N and 93°11'41"E. ST41—
banded gypsum rock formed by volcanic—hydrothermal deposition, and the banded structure of rocks is composed of gray gypsum layers, pale flesh—
red gypsum layers and white gypsum layers; H—Location same as G. ST43—jasper—siderite—ankerite rock with limonite and braunite crust due to
surface weathering. Attitude: 140° £ 41°
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in the eastern part of the Central Tianshan
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Fig. 2 Section showing the lithofacies types and their evolution
in the Late Carboniferous in the eastern segment

of the Central Tianshan
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Fig. 3 X-—ray powder diffraction analysis of jasper—siderite—ankerite rock (ST43)
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Table 3 Chemical composition (%) and geochemical parameters of rocks

liea JX-50  JX-51  JX-52  JX-53 JX-54 JX-55 JX-56 SH-18 SH-19 ST-41 ST-43 ST-46 ST-47 ST-48
Si0, 62.38 55.28 59.64 6898 5593 69.83 59.890 4885 7028 9.93 13.63 1396 61.18 20.1
TiO, 0.77 0.73 0.57 0.47 0.37 0.7 0.63 1.4 0.67 0.47 0.33 0.32 0.73 0.53
ALOs 13.32 15.14 1278 14.89 9.24 14.89 157 1951 1284 1.03 0.26 0.2 17.46  4.08
Fe,0s 2.74 2.04 1.33 1.93 1.09 1.6 1.83 574 197 0.74 4.5 3.72 1.87 6.03
FeO 2.7 1.1 0.7 0.65 0.32 0.73 1.7 4.1 0.7 0.35 9.77 5.7 1.9 3.59
MnO 0.23 0.32 0.14 0.09 0.36 0.02 0.15 0.14  0.01 0.05 1.47 1.38 0.24 0.33
MgO 2.28 1.48 1.12 1.41 0.47 1.75 1.6 493  0.42 0.38 7.79 10.46 0.9 1.87
CaO 5.31 9.79 10.44 2.43 15.37 1.8 5.87 6.09 529 3264 2522 2495 436 25.88
Na,O 4.98 4.98 3.33 2.94 3.87 0.87 1.64 2.9 2.09 0.03 0.01 0.01 0.27 0.6
K0 1.02 1.13 1.19 2.48 0.42 3.44 2.6 229 252 0.4 0.09 0.18 3.52 0.17

bk it 3.44 2.1 2.25 2.95 1.92 3.73 7.59 259  2.58 8.01 6.7 1.34
P05 0.23 0.17 0.06 0.1 0.03 0.06 0.2 032 0.23 0.23 0.33 0.4 0.57 0.63
CO, 5.6 59 10.05 0.5 1.11 362  38.44 4.04
SO; 44.32 30.74
it 99.4 99.86 99.45  99.32 99.44  99.42 994 9936 99.6  99.69 99.6 99.72 99.7 99.93

Na,0/K>0 4.88 4.41 2.8 1.19 9.21 0.25 0.63 127 0.83

Fe™'/Fe™ 1.1 0.6 0.59 0.37 0.33 0.51 1.03 0.79  0.39 0.53 2.41 1.76 2.36 1.13

TE AT A a3 o R 2 B R A2 F T BT 2R 2058 R AL 27 58 R IE

R Z R B BOIR 00AR R 25 Rk 4L | 8 5 R AR
AR 2R Pe A M EF B IE AR TR KRR Ca ) S ERE B
B E EE R A A SRR AR T HOK DU A 9 AT &
P ERA -RA s A -Aa A A A S 5 Okl
K ULRRBLZE B IR A5 AW & | Fe?'/FeP (15 2.41, WP
JT B8R A D B P B B R 52 1 e T R Y AR AL — 38
S F— B, UL R U B A 22 B )2 T RE R IR AE JRUAS R T (K
) #AoK ) A= BURR BT JE A

BH = A WA iR A = e BRH o s Bk
H = A1 H 2o S, R KL AT B0 B9 48 B g R if

HALUE KGR E JRZICR KO REE WS A s R
REZETPEXR ) R =2 (ST-46) SEEESLE A=
(ST43, B T —H) 2290128 . FeO (5.7%) B . BEAR | 11T MgO
(10.46%) W 1 15 5 Fe™/Fe (1.76) W b BE AR | 15 W Kk 1t #4 oK 350
FRUA 2 T R A 1 55 30 J50 R 59 B M R 3 | X 22k I AN
MR T4k 1 2 5 K UUE

HEA WA, HEAORRE LA RGO R KEOHE K
L RO BT R AR R A, B AR A
HIZJZYCR WBCIR BB 3 R IR S R,
{ARSM TR AT S, N R 22— B = A A, K
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Table 4 Contents of trace elements and REE (10 °)
5 JX—50 JX—51 JX—52 JX—53 JX—54 JX—55 JX—56 SH-18 SH-19 ST-41 ST-44 ST46 ST-47 ST-48
\Y% 144 75.8 41.3 71.6 46.9 72.4 85.9 277 47.7 10.0 12.4 6.99 15.1 49.0
Cr 18.5 9.40 11.0 16.9 13.0 17.9 45.7 138 36.5 11.1 13.8 1.54 7.05 16.9
Co 13.8 8.93 4.59 2.84 3.22 1.57 7.36 29.9 3.80 3.44 7.20 5.87 2.49 26.7
Ni 10.4 21.6 7.03 6.97 6.35 9.31 23.9 70.3 12.7 6.93 9.61 2.22 5.14 14.6
Cu 20.8 47.1 42.8 25.08 17.2 29.2 33.1 363 46.1 13.5 4.67 35.9 7.42 78.6
Zn 130 93.6 40.3 42.30 32.8 140 66.9 85.7 37.2 44.6 22.1 17.8 16.9 24.8
Ga 153 12.5 11.1 14.10 6.87 17.7 17.1 18.0 13.3 1.76 1.19 0.99 15.2 5.17
As 10.9 8.92 323 22.93 17.1 284 12.0 27.7 12.9 10.5 7.92 8.75 10.1 39.7
Rb 26.0 28.7 30.7 129.7 15.7 205 134 97.1 106 5.3 1.19 1.37 66.6 1.02
Sr 134 136 86 74.2 103 33.1 247 481 217 597 85.3 59.15 50 520
Y 22.1 18.4 222 21.9 40.3 26.6 24.7 20.6 16.0 3.12 6.06 3.83 19.7 8.11
7r 81.1 58.9 78.7 141.48 101 147 186 74.7 129 16.5 2.04 2.27 78.0 324
Nb 2.46 2.16 2.24 6.46 3.98 7.38 9.42 2.24 7.76 0.71 0.105 0.112 2.09 1.23
Mo 1.11 0.928 1.90 2.09 441 1.28 0.73 2.20 0.93 1.95 1.10 0.525 1.27 26.4
Sh 3.31 16.7 1.02 2.98 3.12 2.19 3.03 2.89 3.76 1.19 25.9 1.21 1.38 3.93
Cs 0.447 0.445 1.66 7.70 1.99 12.7 6.47 2.18 5.12 0.159 0.05 0.043 145 0.207
Ba 252 307 196 171 87.1 246 372 541 737 27.6 137 279 373 12.8
La 6.97 7.17 9.15 20.8 4.1 20.1 24.8 8.40 21.1 2.02 6.08 4.77 7.89 5.77
Ce 16.8 16.3 21.1 43.1 83.7 41.2 51.7 20.4 354 4.22 8.69 5.32 18.3 12.0
Pr 2.24 2.24 2.81 5.07 10.0 5.29 6.18 2.85 4.31 0.526  0.987 0.594 2.31 143
Nd 10.9 10.2 12.9 20.70 41.8 20.2 24.3 13.3 154 2.02 3.59 2.38 11.0 6.26
Sm 2.87 2.89 3.33 4.28 8.45 4.61 4.98 3.68 3.33 0.404  0.611 0.544 2.89 1.61
Eu 0.868 0.756 0.879 0.928 1.65 0.841 1.13 0.951 0.790 0.128 0.340 0319 0819 0.464
Gd 3.39 3.24 3.61 4.06 9.03 4.53 4.87 3.75 2.98 0.431 0.802 0.66 2.87 1.54
Th 0.6 0.467 0.583 0.609 1.21 0.718 0.736 0.624 0.451 0.074  0.112 0.083 0.457 0.235
Dy 3.71 3.36 3.74 3.51 6.43 4.85 476 4.19 2.96 0.41 0.839 0.429 2.86 1.22
Ho 0.839 0.7 0.846 0.773 1.31 1.01 0.918 0.725 0.602 0.077 0.132 0.097 0.708 0.279
Er 2.35 2.06 2.50 2.40 3.31 3.12 2.51 2.33 1.76 0.293 0.442 0.236 2.06 0.787
Tm 0.366 0.297 0.317 0.443 0.458 0.505 0.401 0.337 0.274 0.039  0.065 0.029 0.311 0.13
Yb 2.50 2.07 2.16 2.62 3.13 2.96 2.83 2.33 1.94 0.383 0.495 0.212 1.90 0.788
Lu 0.398 0.34 0.354 0.405 0.445 0.481 0.419 0.333 0.289 0.061 0.059 0.03 0.339 0.114
Hf 2.30 1.65 2.21 3.71 2.58 4.22 5.13 2.28 3.72 0.388 0.032 0.074 1.93 0.79
Ta 0.185 0.14 0.159 0.471 0.272 0.545 0.754 0.141 0.683 0.031 0.024 0.002 0.116 0.089
Pb 6.55 5.37 15.6 6.68 9.90 4.00 14.5 17.2 11.9 5.66 1.33 1.07 1.26 27.5
Th 2.09 1.91 241 7.72 4.73 9.71 8.99 2.14 10.3 0.614  0.086 0.13 1.08 1.12
U 0.978 1.24 1.70 2.73 2.51 2.48 2.42 1.01 1.91 0.393 0.178 0.349  0.614 1.69

TE o P R 27 I8 b 3R 2 AT 50 T8 S 38R E M SF-BIF 5 53 93T 5 0 M7 05 1 . 1ICP—-MS .

U5 MR BE A, TR A Ry s AR, R AL O ok
BB R (A% HIR MBS 280 Hhaf, 84
IR R IR R R A T BEARTT (20%~10% ) 52 9 ik -tk |
Yok ZEr= il R RK A GE A P UAETR E | JE
BHORM & DB R - m A, R AR TR 0 1 1
Lt (>30%) 28k N 22 o B = A R Bk b
)5 28 R B AR WY 2 O35 i 2R B S Al R =
FAAWAR . 86 EFRA TS KA A RIRA T
AR EARLA A R S BUR A T A R R BRI A
AR T —G) A, Nz o3 A 47V B A7 5 R 2T (0 IR
JAD A K Kk A AARCA TS (2 mmX3 mm) , AT REA 2D i Kk
TR B0 B 28— BE B IS S TR AR K DEBUA R b, 41
HE (ST41)EL CaO(32.64%) . SO,(44.32%) K HLO*(8.01%) M

F % S10,9.93%, EE R ROR A B K BIE A e g R &
RIS A MR & A Fe? /B E S 0.53, ML R] BEIE AT
AALHEE T,

OK A B R A R 0 A A R DA TR O
BEF A BEIRE MBS FARE BRASENE A
ADEAE AR, AIESRAT (0.8~05cm), & (5%~
10%) . FABRR/NEZ: R — | &AL K (70%~40%) , 1R
59 (30%~50% ) LA T4 0, — 1% B 60 4000 A F 56 K 5T R A BT
N E R AR R E | W T REE I T Sk AL
Gt 20 I S T AR R A ROR I T A R K A R AR UK
W i 38 SO0 ) R A AR R L UK AR (ST48) A A
A F WA AT 52 2% | I ST—48 5 HE & HLO /D | Al Hie 4l i Ay
B (CaO N 41.2%,S0,58.8% ) T 55 #K M 1k 5 i 4 0 )
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TN CaSO, N 52.28%;CO, (4.04%) MgO (1.87%) .FeO
(3.59%) X FB5r CaO (4 4.34%) FE M A = A T3, Si0,
(20.1%) . ALO;(4.08% ) 5 Na,O (0.6% ) T2 5L W T 75 41 E JK
T W) e B 4 AR A bk, TN BT R AT bk K I bk 43 A A 2
Fe,O; ik 6.03%, {0 Fe*/Fe™H R 1.13, BRI K F Ak —i8
SR 75
42 WETEER T TESE

B 4 F AR BFOKTUBUE 54 1A B T R 6
PRI A3 B R e AT ) g BT S e U, (A BOK TR
HA W 8 Ta—Nb M Zr—Hf 1 % % ,U.La . Pb.P Ti IE %
W AAMRA TS PUKABRE K EZEYRE A B A — Rk
Hz A BARRI Ta—Nb Fl Ze—Hf BB, W g 5 e
TE BN SR A — 38 B R AR 7 SN 22 7 A G AR X BRI
FUE TR e 3R L6 DU L 43 )5, B ol ow T A =
B8 0E Bu 5% (18 5) R BB A BE 40 5 | B 2 ih &k 2

1000. 0

R B AR BT ER 1 & (ST—46) U1 BA B 19 1E Bu 5% (K&
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TE R PSR A B 22 R0 X N 45 WAH R B % 4 B R b &
EAR AT, B R WA b BUE RN A B
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125 A1 AR I 22 Rt 43 A1 T 28 5 A S AH 7Y ) kg o
71 2 T FHRAE 5 A% 4 38 T 2 RO B 7= | 1) 5 3 4T Uk 3
IEAR ALy 37 BE R WY R WS4 A, AR LG 2 M R D | e
ARG OE ES, R SiO, ¥ FeO Ml Fe,O, i/ 1
ARG R R K R R A T A
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Fig. 4 Large ion lithophile element spidergram for hydrothermal sedimentary rocks
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Fig. 5 NM—shale—normalized REE distribution patterns for

hydrothermal sedimentary rocks
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Fig. 9 Trace element spidergram for clastic rocks
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13.41%, 7T DL 78 5ol —H 19 2 0 25 b v IR DT
FO B TR | S Wit 7K 485 i TR AR IX = 025 P ) IR IX 2 —

(2) TR AR I B2 B 1l 3K T AR TR A VD SR T A
I I I S 6 A e T AT A B A o Ll IR 2 | Sy OB A b
LY R IR IR S B R ISR O B S R R IR
IRERA (BEIR ) Z A (JX—47, 38 2) M RIS &L A 5 Xt
% 4% L IS %2 5 A O 18 K #A K 0B e B HE 45 I A T
AE R TR A M BB YR 2 —  JF T TR I A KR
HEZERT IR BREmd SRR RS,

(3) TR IX 1 3R Ak 24 0% B L #3003 (REE) FE UL LA
Hh B R A DO Dl TR A X TR R T A2 TR
O S o 8 R R (B ok s N S N T 23 A V= RN
U AR X, Bhatia® 685 T 10 55 A4 U5 X 20 55 0 1 35
SR 0 HUAFE b X e FE bR R T2 IR IE I T B
MM SRl 5 A XD 28 A AV AR 3T (1] 10~
1), AT LAE W98 X A 5 0 8l KRl 3 2 5008 I A 2%

YIBC R, AR SO PA  if +J0 R & 7 M {E 5 Bhatia (1985)
FEAB X B (% 5) . SR AL ETUA BB A AR o R 5 el
1T bR #E AL (Haskin & Haskin, 1966) , MEl 4~9 &% 5 & H | A&
DR A S B 3 FlAS 1] DX

W 7 &, RXEEEENWIHRXTREA 3 2, JX-54
i - BC 43 it £ s S Bl ew I s Bl IR A 8Ce
dEu 5 &, M AE IR G W X JX—54 It J5 B £1 FE i (IR
[ -D), EMPIRIX R T 504 P 057 a5 7T 58 IR AR
AT s Pl AR AR (BRSO ), FRR A2 3 LA )
T, 8 PG P55 W% 2 B s — i LR AY | AT g R A7 AE T
H— gyl g 1l JX—50 JX—51 JX-52 & SH—18 55 i
B9 M Ay th £k S AE R SR AR X S04 Y REE & HED
52x10 ~64.3x10 ¢, LREE 4 39.5x10 °~49.7x10 *,HREE &
12.5%10 ~14.6x10 °,LREE/HREE % 2.87~3.56,La/Yb &
T 2.79~4.25 5 PRI 5 B A U0 H A5 I U DX 2 T i
BRAG S S | W R IR DX 28 TR SRy A 1) 9 A O

R 5 WEMIERXR REE F|3I S8 5K XEEXT L

Table 5 Comparison of REE discriminant parameters in sandstone provenances with those in the study area

B LS La/10°® Ce/10™° REE/10°® La/Yh Lan/Yh LR/HR Eu* BRI
KPR FKENFIAEHIR 8 19 58 42 2.8 3.8 1.04
i £ 3K VIEE=r 0N 27 59 146 11 7.5 7.7 0.79 S
LA W % FLJFE R 37 78 186 12.5 8.5 9.1 0.6
W shtiZk P P 39 85 210 15.9 10.8 8.5 0.56
JX—50 6.97 16.8 54.9 2.79 1.88 2.9 0.36
JX—51 7.17 163 52 3.47 234 3.16 0.32
JX—52 9.15 21.1 64.3 4.25 2.86 3.56 0.29 *
JX—53 20.8 43.1 110 7.94 5.36 6.41 0.21
JX—54 44.1 83.7 215 14.11 9.51 7.51 0.09
JX—55 20.1 412 110 6.81 4.56 5.07 0.16 &
JX—56 24.8 51.7 131 8.77 5.91 6.49 0.19
SH-18 8.40 20.4 64.3 3.61 2.43 3.4 0.28
SH-19 21.1 35.4 91.6 10.92 7.36 7.18 0.32
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JX—53 JX =55 JX—56 M SH—19 5 it 1 F 1 7 45 it
LR S A YRR e E M X AL g HAT §Ce T
REE 4 91.6X10 ~131x10 *,LREE 4 80.4x10 ~113x10 °,
HREE 4 11.2X10 ~18.2x10 ¢,La/Yb {5} 6.81~10.92, LR/
HR H 4 5.07~7.18, 5 KBl & SR ER5E U1 31 5 3200 1 b Bk Ak
2SO | 5 7~ 9 TR DX 0T 58 A U0 # 2A IX
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Fig. 10 Discrimination diagrams for the chemical composition of clastic rocks and plate tectonic setting (after Roser and Korsch, 1986)

PM—Passive continental margin; ACM—Active continental margin; AR C—Island arc; Al—Island arc setting; A2—Evolving island arc setting
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Fig. 11 Ti/Zr and La/Sc ratios of clastic rocks and tectonic

environment analysis (after Bhatia, 1983)
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Fig. 12 Schematic map of tectonic coupling and transition of the Late Carboniferous sedimentary basin,

orogenic belt and arcs in the East Tianshan
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Lithofacies, geological and geochemical characteristics and tectonic setting
of Late Carboniferous volcanic—sedimentary rocks

in the Kumtag—Shaquanzi area, East Tianshan

FANG Wei-Xuan"?, HUANG Zhuan—-Ying"?, TANG Hong-Feng', GAO Zhen—Quan'?

(1. Key Laboratory of Ore Deposit Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, Guizhou, China;
2. Beijing Institute of Geological Survey, China Non—ferrous Metals Resource Geological Survey, Beijing 100012, China)

Abstract: Ten lithofacies and their sublithofacies, including piedmont diluvial facies (fluvial facies), subaqueous
delta facies, tidal flat facies, neritic facies, volcanic—sedimentary facies, volcanic outpouring facies, volcanic erup-
tion facies, hydrothermal deposition facies, volcanic hydrothermal alteration facies and skarn facies, are recognized
based on the lithofacies types and characteristics of Late Carboniferous sedimentary and volcanic rocks in the East
Tianshan, Xinjiang. These characteristics indicate that the association of volcanic—sedimentary lithofacies formed
on active continental margins in a continental compressional regime. The structure of vertical facies sequence indi-
cates the strong volcanism occurred above and below the hydrothermal depositional facies, which provided heat
needed for mineralization. In the Late Carboniferous Kumtag compressional basin, the vertical lithofacies sequence
structure of the hydrothermal depositional facies is hydrothermal breccia subfacies—siderite rock/gypsum rock
subfacies—ankerite rock subfacies—jasper rock subfacies—ankerite rock subfacies. This association is the lithofacies
indicator for looking for large Kumtag type gypsum—siderite deposits in the East Tianshan. The general deposi-
tional sequence of the volcanic—sedimentary facies in the study area shows the trend of upward deepening facies
sequence and then upward shallowing facies sequence. The provenance of clastic rocks was mainly the erosion
area of the Variscan island arc zone in the north and the Central Tianshan basement uplift in the south. However,
subaqueous volcanic eruption still took place in a neritic environment, showing the sedimentary characteristics of
a hinterland basin in a continental compressional regime (Central Tianshan orogenic belt). The Late Carboniferous
prototype sedimentary basin is likely to be a hinterland basin, which is favourable for preservation of large gyp-
sum—siderite deposits.

Key words:lithofacies of volcanic rocks;lithofacies of sedimentary rocks;hydrothermal depositional facies;hinter-

land basin ; gypsum—siderite deposit;East Tianshan
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