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Fig. 1 Main terrane and tectonic framework in northern Xinjiang (a) (modified after Huang Bo et al. , 2018) ; main structural

zoning map of eastern Junggar area (b) (modified after Yang Yanhui et al. , 2016&) and geological sketch of Shuangjingzi area

(¢) (modified after Li Jinyi et al. , 1990&)
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Fig. 2 Characteristics of the Upper Carboniferous outcrop and mudstones in the Eastern Junggar Basin: (a) characteristics of

outcrop; (b) bioclastic mudstone; (¢) photomicrographs of foraminifera mudstone; (d) gray-black mudstone; (e) grayish-white

mudstone; (f) fuchsia mudstone
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Fig. 3 Whole-rock X-ray diffraction characteristics, CIA, ICV and CIW of mudstone from Carboniferous samples

in Shuangjingzi area, Eastern Junggar Basin (vertical distribution)
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Fig. 4 Geochemical classfication (a) and major oxides correlation(b) diagrams of the Upper Carboniferous mudstones

in Shuangjingzi area, eastern Junggar Basin
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Table 1 X-ray diffraction results of whole rock and clay of the Upper Carboniferous mudstones

in Shuangjingzi area, eastern Junggar Basin( %)

& H R 4 EF # (%) Fto e %)
WS | WORERAL | ATk
A | B AT | A | A B A | AR | IR | B | SR S| BRI T s K| SRDE A C

STZP Y01 en 23 0 0 0 9 0 0 68 100 0 0 0
STZP Y02 B e {Fé;‘i& 18 0 0 0 4 0 0 78 100 0 0 0
STZP Y03 il b 26 0 0 0 4 0 0 69 100 0 0 0
STZP Y04 h 22 0 0 0 2 0 0 76 100 0 0 0
STZP Y05 b= 4] 0 0 0 2 0 0 84 100 0 0 0
STZP Y06 et 21 0 37 0 2 0 0 40 100 0 0 0
STZP Y07 Loa@Pfes| 8 0 0 0 0 3 6 83 100 0 0 0
STZP Y08 HEA | 10 0 14 0 1 0 0 75 100 0 0 0
STZP Y09 b= 20 0 23 3 2 0 0 52 100 0 0 0
STZP Y10 b 17 0 37 0 2 0 0 44 99 1 0 0
STZP Y11 bk 15 0 38 0 2 0 0 45 92 2 1 5
STZP Y12 oA 18 0 37 0 4 0 0 41 98 2 0 0
STZP Y13 ek 20| 0 37 0 3 0 0 40 99 1 0 0
STZP Y14 s 16 0 38 0 3 0 0 43 99 1 0 0
STZP Y15 b= 17 0 31 0 3 0 0 49 100 0 0 0
STZP Y17 |f1gkfdl b= 15 0 36 0 2 0 0 47 100 0 0 0
STZP Y18 bt 15 0 37 0 3 0 0 45 98 2 0 0
STZP Y20 by 6 0 50 0 0 0 0 44 99 1 0 0
STZP Y21 oA 15 0 30 0 3 0 0 52 98 2 0 0
STZP Y24 bia 36 0 48 0 0 1 0 15 100 0 0 0
STZP Y26 b 37 0 42 0 3 0 0 18 99 1 0 0
STZP Y27 HERE | 2 5 13 0 0 0 0 80 100 0 0 0
STZP Y28 en 26 0 42 0 4 0 0 28 100 0 0 0
STZP Y30 i 4 0 33 0 2 0 0 61 100 0 0 0
STZP Y32 b 0 44 0 2 0 0 46 99 1 0 0
STZP Y33 bk 25 0 52 0 3 0 0 20 98 2 0 0
V(i RITE::| by 21 / 0 / 4 / / 75 100 / / /
AL WA 17 / 34 / 2 / / 46 99 / / /

HH 2.59%) , S5IERKEITSE (PAAS) ML, 18k
MELH Ve A HA IRER Sl B AR, gLl
AP REHERITR TS5 ARMA Y, (B
Ca0 FHEAT 0.22% ~0. 6% 216 (¥1H N 0.36%) ,
HP,0, HE AT 0.035% ~0.092% 2 [a] (¥I{EH K
0.05%) , i B AL T AR ML I A 5 )5 At 1R ot
o, BARES B A R W RRIE, Fe,0,/K,0 5 Si0,/
AL O, BRI R E (Herron, 1988) 2B | K 2Kk
i EEOe A ENERR S R (X)) LA
(El 4a), P4 K,0 5 ALO, S0 B A FAH e, 1%
5 RAaRAH (K 4b)
3.3 WETEHIE

AmRRP MM BICRFIEN R 3, NS
PAAS J UCC Xt Eb&5 5 m UL, P8 B i b K 1%
AICE Rb Ba B WAL, Cr Ni & &R 40K,
A ZES S Th T FERAL, 1M~ 4AE
i TPITE B i AR — o 2200, B I A E P NG

Rb .Sr.Ba Th 45705 & &t B WAL 1 38 1 A e 4l
HZ, JFAGHE ST R R M (K 5) B, Ak R TR
FREREAA Nb Sr, 7 #5UR Th & 4 BIERAE, 11 & 1l
21 Sr T I A AR TR ] LA (A e A
JZEA Th &4 Sr K& Ti P28 5 W4 S

4R T ARZRRS T L ITRFEE, H
H IR TR B ( ZREE) A 133x107° ~444
X107, SFHIH N 230x107°, & F 52 (UCC) (148
x107) JeJi K AR TUA (PAAS) (185%107%) , £14%
MELHAR + IR B ( X REE) N 92x107°~298x107°
AR 160x107°, & i & T LS T PAAS, )R
RPN P R IR A — o 1 22 55 L LI 2 A o
i Y LREE/Y HREE {H & 4.01 ~ 10.1 (¥ {E A
5.94) , FTERMELL N 3.57~10. 7 (HIMH K 6.22), 5
PAAS(9.49) 1 UCC(9. 33) # b, B & BRI 142/
HH L E, 2R WU A O e e T —RE M ks
(Bhatia and Crook,1986) . % 111 2H 5 £ £& M 2H A &
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Fig. 5 Spider map of normalized trace elements of the Upper Carboniferous mudstones in Shuangjingzi area,

eastern Junggar Basin( Primitive mantle values are from Sun and McDonouph, 1989)
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Fig. 6 UCC-normalized (a) (UCC values are from Rudnick and Gao, 2003) and Chondrite-normalized(b) ( Chondrite values

are from Taylor and McLennan, 1985) REE partterns of the Upper Carboniferous mudstones in Shuangjingzi area, eastern

Junggar Basin
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Table 2 Analysis results of major elements( %) of the Upper Carboniferous mudstones in
Shuangjingzi area, eastern Junggar Basin
=)
| REESS | Si0, [AL,0; | Fe,05] FeO | Ca0 | MgO | KyO | NayO | T0, | P,05 | Mn0 [ #9% | & | 1cv | e | cw
H
&K | STZP Y001 [60.06|16.00|2.66 | 0.09 | 0.28 | 3.16 | 1.28 [ 3.98 [ 0.70 | 0.04 | 0.03 |10.68|98.96| 1. 19 [65.71|69.67
1Ll STZP Y002 |59.24(16.57|4.38 | 0.07 | 0.22 [ 2.91 | 1.40 | 3.72 | 0.73 | 0.05 | 0.04 |10.47|99.79| 1.15 |67.65|72.11
STZP Y003 |60.00(15.88| 2.68 |0.083]| 0.60 [ 2.98 | 1.18 | 3.02 | 0.69 | 0.04 | 0.04 |11.76|98.95| 1.10 |68.68|72.69
STZP Y004 [60.40(17.32|3.09 | 0.11 | 0.32 | 2.37 | 0.62 |2.78 {0.62 [0.03 | 0.02 |11.43]99.12]| 0.84 /
STZP Y005 |56.40(17.64|4.47 | 0.10 | 0.40 | 2.26 | 0.71 | 3.27 | 0.69 | 0.09 | 0.04 |13.44|99.51| 0.92 / /
LML | STZP Y006 |60.59(15.37(2.17 [0.20 | 1.61 | 1.69 | 1.60 | 2.81 [ 0.72 | 0.15 | 0.02 |12.10/99.03 | 1.01 |63.27|68.13
STZP Y007 |53.28(17.05]8.32|0.01 | 1.19 {3.10]0.42|2.65|0.79 | 0.17 | 0.02 |12.40(99.40| 1.22 |72.18|73. 60
STZP Y008 [56.86|17.33|3.910.01 | 1.70 | 3.07 | 0.68 | 3.01 { 0.79 | 0.40 | 0.03 |11.78(99.57| 1.10 |68.91|70.98
STZP Y009 |59.71(14.69|3.72 | 0.14 |1 2.99 | 2.4 | 1.21 |2.53|0.70 | 0.16 | 0.05 |10.24|98.54| 1.30 |60.40|63. 83
STZP Y010 |58.35(15.44]5.40 | 0.01 | 1.55 {2.08 | 1.79 | 2.83 | 0.81 | 0.25]0.03 |10.17|98.71| 1.20 [63.67|69. 19
STZP YO11 [57.28|16.11|4.60 | 0.28 | 1.54 | 2.38 | 1.44 | 2.70 { 0.81 [ 0.15 | 0.05 |11.58(98.92| 1.15 |65.62|70.07
STZP Y012 |57.28|15.95|5.70 | 0.23 | 1.17 | 1.96 | 2.52 | 3.07 | 0.88 | 0.21 | 0.04 | 9.84 [98.85| 1.20 |62.92|70.50
STZP Y013 |59.79(17.03]3.95|0.16 | 0.95 | 1.79 | 1.88 | 2.55 | 0.86 | 0.17 | 0.04 |10.55|99.72| 0.93 / /
STZP Y014 |57.36(17.03|5.31 | 0.20 | 1.72 | 1.66 | 1.98 | 2.36 | 0.90 | 0.16 | 0.03 | 9.86 |98.57| 1.03 [66.01|71.99
STZP YO15 [61.84|16.1 |3.20|0.26 | 0.76 | 1.64 | 1.49 | 2.48 { 0.88 | 0.09 | 0.01 |10.28(99.03| 0. 88 / /
STZP Y017 [59.50(17.61|3.95|0.19 | 1.17 | 1.62 | 1.92 | 2.52{0.93 [0.12 | 0.02 | 9.18 [98.73| 0.90 / /
STZP Y018 |60.53(16.97|3.47 | 0.17 | 1.59 | 1.65 | 1.59 | 2.84 | 0.93 | 0.09 | 0.02 | 8.97 |98.82| 0.98 / /
STZP Y020 |58.33(16.55[4.19 | 0.13 | 2.41 [ 2.89 | 0.87|2.49|0.65|0.18 | 0.02 |10.24|98.95| 1.20 |64.81|67.29
STZP Y021 |57.51(15.84|5.28 | 0.25|3.06 | 2.41 | 2.46 | 2.58 | 0.68 | 0.33 | 0.03 |9.40 |99.83| 1.36 [58.69|65. 11
STZP Y024 |67.82(12.184.19 | 0.46 | 1.25 [ 2.48 | 2.02|2.36 | 0.68 | 0.18 | 0.05 | 6.31 |99.98| 1.46 |60.63|68.03
STZP Y026 |69.08(12.00| 2.88 | 0.32 | 1.72 [ 1.94 | 1.96 | 2.24 | 0.60 | 0.13 | 0.02 | 6. 16 |99.05| 1.35 |58.19|64. 86
STZP Y027 |56.46(19.19]2.16 | 0.03 | 0.61 [ 4.34 | 0.64 | 3.76 | 0.18 | 0.04 | 0.01 |11.47|98.89| 1.06 |70.86|72.72
STZP Y028 [62.15|13.88|3.97 | 0.01 | 1.69 [ 2.92|1.89 | 2.4 | 0.54 | 0.16 | 0.02 | 9.44 {99.07| 1.39 |61.52|67.65
STZP Y030 |53.41(16.58|4.56 | 0.01 | 2.15 [ 4.11 | 1.21 | 1.82 | 0.62 | 0.11 | 0.02 |14.22|98.82| 1.29 [69.44|73.47
STZP Y032 |57.64(16.86| 3.60 | 0.18 | 1.83 [ 3.82 | 2.17 | 2.15|0.60 | 0.13 | 0.02 |10.3999.39| 1.28 |65.45|72.01
STZP Y033 [59.44113.98|3.12 | 0.22 | 4.55|2.56|2.06 |2.21 {0.61 |0.16 | 0.05 |10.31{99.27| 1.35 |59.54|65.79

5 PAAS Al Hs2 HAHT , S Rp A R I A |

4 e
4.1 BERXX4LIFHE

S SRR (ICY) A= AR 850 (CIA) Fiik
FIALFEEL (CIW) JE X TR X XA TR BE A T R0 )
H 77 (Nesbitt and Young, 1982 ; Harnois, 1988 ; )
WG4 2016) . CIA TN,

n( A1,0;)x100
"~ n(ALO;)+n(Ca0" ) +n(Na,0) +n(K,0)
o CaO " (UBR T2k A RERRER ™Y (NG 7 A1
A RBEIKRA) , n(CaO ™) FAK A LN NG 26
(2016) , Ll i3, AERMEE A 1Y ICV {E(ICV (I
T TR LANGE G 55, 2016) 280K T 1, D&M
T 1(R2), ZH008 5 o AR (ICV>1) , K
A BB R ) 3 15 B0 B I ) R ORI E ICV> 1
U ARES T CIA TR, PSR (R 2) B,

CIA

AR CIA L 58.19 ~72. 18, V- #{H N
64.70(n=20) , F§{K T PAAS(70.36) ., @it 5aj A
(Nesbitt and Young,1984;Fedo et al. , 1995; PN
45 .2016) BZE 1Y CIA FIRIARAERT L, B iR 22 1
TE— AR R XA, TEDN A R 1) A B
LRI, ICV (A 1S e R Ve o3 I B 2 i
I, T CIA BRI X KALRE 1A s i (18 3) .
CIW BARNE NS BRI CIA T ICA JEATVEAN
A—CN—K =JolE# iz RO Koe WAk
5 (Nesbitt and Young, 1984 ) A8 32 {CAE H ( Fedo et
al. , 1995) . WHHOLT , ORI G % A 00 22 A
FH KA a4 2 i 2 AL TI0IN £& 1] K, 0 TH A%
(K Ta Lk o R BAUGT HALEH) . FEM
Ve KA 5 5 T 08 JXUAR R AT A D 25 (H R R Ry
TR AL (] Ta SEZE a i fi Sk S AL XA, 1
2 a i S IR AL L) R e 2 B T —E
FEEERYHR B R, Jes 9SSR CIA (6] LhidE
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Table 3 Analysis results (x10™°) of trace elements of the Upper Carboniferous
mudstones in Shuangjingzi area, Eastern Junggar Basin

Er | BUEESS | Zn | Cr | Ni | Co | Li | Rb | Mo | Sr | Ba \ Se | Nb | Zr | Be U Th
STZP Y001 | 87.6 | 21.3 | 9.39 | 9.68 | 23.8 | 29.4 | 0.46 | 46.5 | 80.4 | 81.2 | 16.1 | 6.87 | 256 | 2.84 2 4.54

j% STZP Y002 | 76.7 | 22.7 | 6.85 | 9.95 | 13.9 | 32.8 | 0.4 | 45.3 |91.2 | 76.6 15 6.79 | 250 | 2.01 | 1.1 |4.94
1 STZP Y003 | 92.3 | 18.9 | 6.53 | 8.99 | 21.5 | 21.3 | 0.36 | 46.7 | 95.9 | 83.2 | 14.7 | 6.49 | 260 | 1.47 | 1.6 | 4.58
gg STZP Y004 | 68.6 | 20 |5.34 | 4.71 | 11.3 | 10.1 | 0.51 | 58.4 | 31.7 | 64.7 | 13.4 | 10.7 | 360 | 1.26 | 2.81 | 6.33
QUE STZP Y005 | 79.8 | 17.2 | 6.6 | 5.13 | 8.26 | 17.5 | 0.72 | 66.2 | 58.7 85 15.519.86 | 356 | 3.36 | 4.04 | 7.4
- Y{E 81 20 | 6.94 | 7.69 | 15.8 | 22.210.49 | 52.6 |71.58| 78.1 | 14.9 | 8.14 | 296 | 2.19 | 2.31 | 5.56
STZP Y007 | 54.9 | 39.4 | 14.7 | 5.52 | 19.7 | 45.3 | 2.45 | 292 246 | 89.8 | 14.1 | 9.73 | 356 | 2.45 | 2.95 | 8.42

STZP Y007 | 56.6 | 10.4 | 9.31 | 7.91 | 13.9 | 15.1 | 1.15 | 172 138 | 62.8 | 11.8 | 12.8 | 427 | 1.64 | 5.71 | 24.7

STZP Y008 | 55.7 | 17.3 | 10.2 | 8.24 | 13.8 25 0.67 | 182 |82.8|70.5 | 11.5 | 12.7 | 398 2 5.26 | 20.6

STZP Y009 | 60.5 | 24.5 | 14.9 | 9.99 17 | 45.7] 0.5 231 162 | 86.7 | 12.5 | 9.06 | 265 |2.12 | 2.99 | 13.2

STZP YO10 | 118 | 38.9 | 26.2 | 26 |25.4|56.8|0.55 | 208 | 210 113 | 17.8 | 7.73 | 200 | 1.63 | 1.49 | 6.18

STZP Y011 | 90.2 | 36.9 | 23.7 | 12.6 | 21.6 | 47.1 | 0.64 | 232 196 106 | 14.8 | 8.5 252 | 2.22 | 1.86 | 6.93

STZP Y012 | 142 | 44.6 | 31.8 | 20.1 | 31.9 | 71.5 | 0.73 | 223 259 116 | 16.2 | 8.49 | 231 | 2.34 | 2.76 | 6.03

STZP Y013 111 | 42.8 26 16.6 | 18.8 | 58.6 | 0.88 | 178 229 103 | 15.6 9 259 | 2.27 | 2.28 | 6.34

STZP Y014 | 119 | 40.2 | 31.5 | 14.2 20 64 | 0.72 | 246 216 112 | 16.7 | 8.72 | 251 |2.03 | 2.65 | 6.33

STZP Y015 61 41.4 | 13.5 | 7.5 | 13.4 | 49.1 | 1.35 | 210 205 106 | 16.2 | 8.98 | 270 | 1.48 | 2.31 | 6.59

g STZP Y017 | 81.3 | 41.6 | 16.4 | 9.1 | 12.8 | 58.7 | 1.11 | 288 231 113 | 16.9 | 8.89 | 267 | 1.99 | 2.24 | 6.55
gg STZP YOI8 | 71.6 | 44.1 | 15.8 | 9.89 | 12.9 | 48.6 | 0.85 | 248 227 110 | 15.9 | 8.3 262 | 1.39 | 2.38 | 6.01
STZP Y020 | 114 34 | 25.4 19 18.2 | 31.4 | 0.32 | 256 152 | 76.5 | 11.5 | 12.6 | 286 | 1.63 | 3.41 | 10.6

STZP Y021 | 79.4 | 41.6 | 23.8 | 14.1 | 18.4 | 78.2 | 0.5 308 296 104 | 13.8 | 7.34 | 188 2.5 | 1.31 | 6.46

STZP Y024 | 131 | 39.9 50 9.77 | 47.8 | 58.9 | 0.67 | 177 253 | 86.5 | 11.6 | 6.91 | 165 | 1.98 | 2.32 | 6.31

STZP Y026 | 76.4 | 39.5 | 23.2 | 7.82 26 64 | 0.35 | 230 237 | 79.8 | 11.1 | 6.26 | 160 | 1.81 | 1.52 | 4.74

STZP Y027 | 59.6 | 8.46 | 11.2 | 9.47 | 48.1 | 15.9 | 0.14 | 94.2 | 54.4 | 38.7 | 4.13 | 10.8 | 277 | 2.01 | 2.63 | 17.4

STZP Y028 | 71.8 | 31.7 | 23.6 | 9.45 | 63.2 | 58.1 | 0.58 | 234 205 76 9.3517.91 | 179 | 1.44 | 3.78 | 8.17

STZP Y030 | 65.4 | 20.4 | 14.9 | 6.59 | 107 | 39.8 | 1.54 | 258 137 70 12.4 1 9.75 | 473 | 2.02 | 4.12 | 9.19

STZP Y032 | 77.4 | 29 |23.8|5.28 | 94.6 | 61.3 | 0.5 | 309 | 252 | 76.4 | 11.1 | 10.4 | 284 2 4.74 | 13.2

STZP Y033 | 71.5 | 35.9 {22.6 | 10.9 | 60 | 60.9 | 0.64 | 372 | 254 | 81.6 | 10.4 | 8.44 | 216 | 2.2 | 3.63 | 8.74

Y{E 84.2 1 33.5|21.6 | 11.4 | 33.6 | 50.2 | 0.8 235 202 | 89.4 | 13.1 ] 9.21 | 269 | 1.96 | 2.97 | 9.65

PASS 85 110 55 23 / 160 / 200 650 150 16 19 210 / 3.1 | 14.6

ucc 67 92 47 17.3 | 20 82 0.5 | 320 | 628 97 14 12 193 | 1.11 | 2.7 | 10.5

. PAAS Hdli 4 Taylor and McLennan, 1985; UCC #(#li#% Rudnick and Gao, 2003,

i K, 0 T A—CN J5 [ [a] BRAS CIA 045 o5 1)
—AREORAGTT, X ALk 5 < T A KUAR AR R A8 s
REFET RAZAMER AT CIA {A ( Bhat and Ghosh,
2001) , JRAFEMBE S BR 8 2R AT CIA (575 Fl R
58~T2 (AN 65) , F IR X R Ik 2 o 45 KUALAE
H(E 7a) X SR RART . Kb m 50 a
T T AN BEE L A—CN 28, 3X AT RBJE Y TS0 55 A T
SR FREE S R S B R B KNI
MR TE (K B 4,2018) . FEMMIES 0 Y JLF
Bt S A R R — 20 R B BRI R KR PE R A,
Y B BRI T8 B A AN I 1) 552 oA e Ak, ik —
VeI T iz $hdi i A—CN 58 (KU Lk
a [ a'Jy M ANWBIERS ) |
4.2 HRIREHAE

B W R —E R L R e SRR

SEMAT R DB LT R W) T (= B 2R 0 A ) B
FFEAT A DR A T B 858 T ol 28 17T S 1 7 4 (R
EAE,2021) , AAEZENA T ST TR A 1
B (BRESE,2003) , I 55 A0 & R 35 [R] Asf 75 22 7
YIS MB (Keller, 1970) o FE 5 I8 A R R 52 0 A
B A R TR A R R KA AT RE R Bt
(7] s A s o (AR T AP R A T8 SR AR T A )
XX A7k RV &G+ LT 2 h 5 A, Al
REJE H1 TUUBUB AU T i 5 iR R —IR U 2
A AR 5 ) S AR FH R el i3k

[RI A, CIA X b s H— % i 8 7= AE H ( Nesbitt
and Young, 1984; Young and Nesbitt, 1999) , — 1A
PR AE T YUY CIA AT 85~100, IS M T
CIA /T 65~85, 1 TS T CIA v T 50~ 65,
ELILZ CIA>65, SRR —I i ; A B T BLiks
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R4 EBREMFDNHFHR LARFRERLTEINER(x107°)

Table 4 REE characteristic of the upper carboniferous mudstones in Shuangjingzi area, Eastern Junggar Basin(x10™)

yopes | SVZP | STZP | SIZP | STZP | SIZP | STZP | STZP | SIZP | STZP | SIZP | SZP | STZP | SIZP
YOl | Y02 | Y03 | YO4 | YO5 | Y06 | YO7 | YO8 | Y09 | YIO | YII | YI2 | YI3

JEL BRI L AL
La 27 21.2 | 30.5 | 42.2 | 91.4 | 23.5 | 53.7 | 36.5 | 24.4 | 24 | 354 | 30.8 | 23.3
Ce 53.5 | 44.1 60 | 90.6 | 178 56 103 | 79.3 | 49.5 | 49 | 75.8 | 75.5 | 54.6
Pr 8.11 | 6.14 | 7.91 | 11.5 22 | 7.61 | 11.6 | 9.91 | 6.36 | 6.57 | 9.18 | 9.72 | 7.53
Nd 36.2 | 27.1 34 | 477 | 93.6 | 33.6 | 44.6 | 42 | 26.2 | 28.4 | 38.2 | 42.9 | 33.2
Sm 8.26 | 6.48 | 6.84 | 9.55 | 16.4 | 7.86 | 8.15 | 8.66 | 5.53 | 6.15 | 7.62 | 8.95 | 7.16
Eu 1.78 | 1.47 | 142 | 1.62 | 2.66 | 1.32 | 1.55 | 1.74 | 1.2 | 1.35 | 1.65 2 1.57
Gd 8.06 | 6.48 | 6.18 | 8.06 | 12.8 | 7.54 | 7.24 | 7.47 | 4.98 | 585 | 6.72 | 852 | 6.69
b 1.54 | 121 | 1.13 | 1.47 | 1.86 | 1.4 | 1.27 | 1.24 | 0.87 | 1.04 | 1.13 | 1.49 | 1.16
Dy 9.12 | 7.06 | 6.67 | 881 | 9.6 | 7.92 | 7.33 | 6.66 | 4.81 | 581 | 6.04 | 811 | 6.43
Ho 1.86 | 1.47 | 1.38 | 1.82 | 1.91 | 1.6 L5 | 1.31 | 0.96 | 1.18 | 1.19 | 1.6 | 1.26
Er 55 | 431 | 42 | 565 | 575 | 4.69 | 4.61 | 3.82 | 2.84 | 3.52 | 3.45 | 4.65 | 3.7
Tm 0.88 | 0.71 | 0.7 | 0.96 | 0.93 | 0.76 | 0.75 | 0.61 | 0.47 | 0.56 | 0.54 | 0.72 | 0.58
Yb 5.47 | 4.53 | 4.39 | 6.24 6 4.83 | 4.8 | 3.88 | 3.01 | 3.51 | 3.39 | 4.32 | 3.66
Lu 0.9 | 0.74 | 0.72 | 1.02 | 1.0l | 0.75 | 0.78 | 0.61 | 0.49 | 0.58 | 0.55 | 0.72 | 0.6
Y 57.4 | 411 | 38.1 | 45.7 | 55.2 | 43.8 | 43.3 | 36.6 | 26.3 | 34.2 | 32.4 | 46.5 | 33.8
Y REE 168 133 166 | 237 | 444 159 | 251 204 132 138 191 200 151
LREE/HREE| 4.05 | 4.02 | 554 | 597 | 10.1 | 4.40 | 7.87 | 6.96 | 6.14 | 5.24 | 7.29 | 564 | 5.29
La/Sc 1.68 | 141 | 2.07 | 3.15 | 590 | 1.67 | 455 | 3.17 | 1.95 | 1.35 | 2.39 | 1.90 | 1.49
La/Yb 494 | 468 | 6.95 | 6.76 | 152 | 4.87 | 11.2 | 9.41 | 811 | 6.84 | 10.4 | 7.13 | 6.37
(La/Yb)y | 3.34 | 3.16 | 4.69 | 457 | 10.3 | 3.29 | 7.56 | 6.36 | 5.48 | 4.62 | 7.06 | 4.82 | 4.3
3Eu 0.67 | 0.69 | 0.67 | 0.56 | 0.56 | 0.52 | 0.62 | 0.66 | 0.7 | 0.69 | 0.7 0.7 | 0.69
(La/Sm)y | 2.06 | 2.06 | 2.81 | 2.78 | 3.51 | 1.88 | 4.15 | 2.65 | 2.78 | 2.46 | 2.92 | 2.17 | 2.05
(Gd/Yb)y | 1.19 | 116 | 1.14 | 1.05 | 1.73 | 1.27 | 1.22 | 1.56 | 1.34 | 1.35 | 1.61 | 1.6 | 1.48
yopes | SVZP | STZP | SIZP | SIZP | SIZP | SIZP | STZP | SIZP | STZP | SIZP | SIZP | STZP | SIZP
Yi4 | YIS | Y17 | YI8 | Y20 | Y21 | Y24 | Y26 | Y27 | Y28 | Y30 | Y32 | Y33

JE L AT ERMEL

La 26,9 | 25.2 | 24.7 | 21.6 | 26.7 | 25.7 | 24.6 | 19.3 67 18.6 | 17.8 | 33.6 | 24.6
Ce 54.7 | 55.1 | 52.5 | 47.6 | 59.4 | 55.1 | 52.6 | 40 127 | 35.2 | 38.1 | 67.5 | 48.2
Pr 7.04 | 7.42 | 6.6 | 6.2 | 7.45 | 7.07 | 6.65 | S.11 | 141 | 43 | 475 | 8.79 | 6.47
Nd 30.4 | 32.8 | 27.4 | 26,5 | 31.8 | 30.7 | 27.9 | 21.8 | 544 | 17.3 | 20.4 | 359 | 26.8
Sm 6.72 | 6.99 | 58 | 551 | 6.81 | 6.4 | 573 | 466 | 9.26 | 3.59 | 541 | 7.12 | 5.55
Eu 1.52 | 141 | 1.33 | 1.35 | 1.06 | 1.48 | 1.29 | 1.08 | 0.58 | 0.82 | 1.19 | L.24 | L.17
Gd 6.21 | 6.1 52 | 507 | 6.13 | 5.9 | 515 | 426 | 7.69 | 3.2 | 591 | 6.19 | 4.88
)\ L1 | 109 | 0.92 | 0.9 | 1.17 | 1.0l | 0.86 | 0.78 | 1.19 | 0.57 | 1.2 | 1.05 | 0.85
Dy 6.19 | 596 | 52 | 491 | 6.73 | 54 | 453 | 3.97 | 6.21 | 3.2 | 6.97 | 546 | 4.6
Ho 1.26 | 118 | 1.04 | 0.99 | 1.42 | 1.07 | 0.88 | 0.76 | 1.21 | 0.63 | 1.4 | 1.07 | 0.89
Er 3.76 | 3.55 | 3.07 | 2.99 | 4.37 | 3.11 | 2.54 | 2.22 | 3.64 | 1.91 | 4.09 | 3.12 | 2.63
Tm 0.6 | 0.57 | 0.5 | 0.48 | 0.74 | 0.49 | 0.39 | 0.34 | 0.62 | 0.31 | 0.62 | 0.49 | 0.41
Yb 3.84 | 3.68 | 3.28 | 3.07 | 4.75 | 3.13 | 2.47 | 2.14 | 4.24 | 2.03 | 3.75 | 3.05 | 2.63
Lu 0.63 | 0.6 | 0.53 | 0.52 | 0.75 | 0.5 | 0.4 | 0.36 | 0.7 | 0.34 | 0.62 | 0.5 | 0.44
Y 34.4 | 30.4 | 26,9 | 26.2 | 37.9 | 29.8 | 24.4 | 21.5 | 30.6 | 18.1 | 44.6 | 31.7 | 25.6
Y REE 151 152 138 128 159 147 136 107 | 298 92 12 175 130
LREE/HREE| 5.39 | 5.67 | 599 | 575 | 511 | 6.12 | 6.9 | 6.2 | 10.7 | 6.55 | 3.57 | 7.37 | 6.51
La/Se .61 | 1.56 | 1.46 | 1.36 | 2.32 | 1.86 | 2.12 | 1.74 | 16.2 | 1.99 | 1.44 | 3.03 | 2.37
La/Yh 7.01 | 6.85 | 7.53 | 7.04 | 5.62 | 821 | 9.96 | 9.02 | 15.8 | 9.16 | 4.75 11 9.35
(La/Yb)y | 4.73 | 4.63 | 509 | 475 | 3.8 | 555 | 6.73 | 6.09 | 10.7 | 6.19 | 3.21 | 7.44 | 6.32
3Eu 0.72 | 0.66 | 0.74 | 0.78 | 0.5 | 0.73 | 0.73 | 0.74 | 0.21 | 0.74 | 0.64 | 0.57 | 0.69
(La/Sm)y | 2.52 | 2.27 | 2.68 | 2.47 | 2.47 | 2.53 | 2.70 | 2.61 | 4.55 | 3.26 | 2.07 | 2.97 | 2.79
(G/Yb)y | 1.31 | 1.34 | 1.28 | 1.34 | 1.05 | 1.54 | 1.69 | 1.61 | 1.47 | 1.28 | 1.28 | 1.64 | 1.50

1 (La/Yb) y B B AR AL 2 )5 B9 FEAE ; 0Eu = Euy/(SmXGd) i, 8Ce= Cey/ ( LaxPr) y , BORL A7 50 K 3155 2 4% Taylor and
McLennan, 1985,



1522 B O A 2024 4F
100 Alzo‘**uw %y
X =] 1E—%(}EE (a) 100 (b) Eméﬂ
90 f . O Bash':m Formation
e o i ERHEAL
80 [ Vel 90 1 Shigiantan Formation
F % B
20 F—Hals i RATA
el - L T
g I ; ‘K><E 4 &?//‘(
Lo N "~ 1 : e RES
F E}h / / ‘)\\ C ‘X”(%%“ ) E Y
50 '_w%}.i/:-zﬁ s 4. 70 4------- . o o v
N 2" e o
L 6 O o » ©
40 [ ol . Lo
- .. .:
- g Eilid 60 1 e Ve
30 F Bashan Formation = :
: o FERMELL ¥ :
r Shigiantan Formation . 50 :
20C5O*+Na20 K,O 0. 4 0.8 1.2 1.6
CE

Pl 7 HENES SR B AR TR M X LA R GEJe s A—CN—K & (a) 1 CIA—C {HAITIEL (b)
Fig. 7 A—CN—XK ternary diagram(a) and CIA vs. C value diagram(b) for the Upper Carboniferous mudstones
in Shuangjingzi area, Eastern Junggar Basin
1=  2— TSN RO 3— B N A s 4— B R s 5—A RUAER 60— LI5S
1—gabbro ; 2—tonalite ; 3—granodiorite ;4—granite ; 5—A-type granite ;6—UCC

Bt CIA<65 A+, S MEFEs—+ 58 PR EEAET
W% B A CIA>65 ¥, SRR B—RE,

AR5 BB A A R AR A YT AT RE

WA 1) T 5 8 (1 PROR 55, 1988) Y 45 2R 2K {81,
i b B R B (18 3) o XEAT Y CIA S CEB I BoR, Ak &k AU kT
AT A B DU e AR A BRI R Oy 3, D RO R B 1R (]

x5 BL—A%MARS(AFERE) SARER T ENLFHMITLL
Table 5 Comparison of the chemical composition of mudstone (including corrected values) in Bashan—Shigiantan

Formation with greywacke in different backgrounds

. ., N - 5 B Kbk L GIpNGT o BB B4R -
JCEANFIE KK Kt &3 ik Wk PAAS b Bl FEk M
Th(x10) | 2.27¢0.7 | 11.11=1.1 18. 8+3 16.7+3.5 14.6 10.7 5.56 9.65
Zr(x107) 9620 229:0. 7 179+33 [0S0 210 190 296. 4 269. 81
Se(x107%) 19.5+5.2 8+1.1 6+1.4 16 1 14. 94 13.11
V(x107%) 131240 - 48+5.9 3129.9 150 60 78. 14 89. 44
Co(x107) 18+6.3 12£2.7 10£1.7 5:2.4 23 10 7.69 11.43
Rb/Sr 0.0540.05 | 0.65:0.33 | 0.89+0.24 | 1.19+0.4 0.8 0.32 0.42 0.21
La/Sc 0.55:0.22 |\ V10822003 | 4.55:0.8 | 6.25:1.35 2.38 2.73 2.84 3. 14
Th/Se 0.1540.08 | 0.85:0.13 | 2.59+0.5 | 3.06:0.8 0.91 0.97 0.37 0.73
Se/Cr 0.57 0.32 0.3 0.16 0.15 0.31 0.74 0.39
Ti/ 7 56.8 19.7 15.3 6.74 28.6 15.8 13.87 16.03
La 8+1.7 27+4.5 37 39 38 30 35.38 24.12 %
Ce 19+3.7 59+8.2 78 85 80 64 71.03 * 50. 62 %
Y REE 58+10 14620 186 210 183 146 191.39 * 132.94 %
LREE/HREE 7.7+1.7 9.1 8.5 9.45 9.47 4.95 x 5.18 %
La/Yb 113.6 12.5 15.9 13.57 13.63 6.42 % 6.97 %
Lay/Yby 7.5+2.5 8.5 10.8 9.2 9.2 4.34 % 4.71 %
oFu 1.04x0. 11 | 0.79:0.13 0.6 [IOIS6  0.66 0.65 0.53 * 0.55 *

T A HE(EECE S Bhatia, 1985; Bhatia et al. , 1986;315% TR (2021) B4 « NHFIEE, B 1IE R %0 1. 2(¥8 Mclennan et al. |
1989) 5 BLITAE B 0 AR AR Ve A B (6 5 AR E(E B 5530, VKRR S IR PN Ll 4L IR K R BRI, I PR R I 3 S M
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Th) , 2 B 1L A —A AR 2 2 B A o TR
SEENHIE . AU S 4FAE S Yang Sunrong 55
(2022) i1 Pennsylvanian SEH %) %F LA 5T I 0 58T
BHIDSOH T Hu B 8 7 F b 26 30° BT G246 A
2R TR A A o i 25 AT &
4.3 REEMER

AR T KORCE (2 s SN ) IR
WY, ER AR SRR (R AR, 2006) |, 2
B A R IREAS il FRIE KA IE R AR K
T Z —, WEAARBRE , JefHE i A 5%
St EREm I EERNThRA DRBERK
A B K A LB A 3 R YR T GE
FE KT, AERMA SRR AP RBEK
A AR IR IX ZH R R ST s D
P e LA

KA AL 3Gl 5 A—CN L8
JCPATER 3 A A i B8 o ] A 3 R T S T K 2K
52X, i Be B B PR 5T (Fedo et al. , 1995)
M 7a F T AR AR SR R R S KA 25
SR RIS IR 32 2 E e L SRR AR i — 2P
IR TR IE AT R LA SN KA S Z A o &
A DRSS AT RE A S TN e = ) U R
FE kL,

TRt R R RS A2 R R R
(Verma et al. , 2017), A &M A K,0 ¥HEH
1. 49, 0g/N T EH7e A (2. 8% ) , Rb ¥I{HH 44. 8x
107, tH/NF B b 52 58 (82x107°) |, $523E H 72 ¥
(49x107°) (Rudnick et al. , 2004) ., FHEITTEH A/
Ti {8 AT LA 2 P9 U8 B 25 14 5T ( Girty et al. , 1996) ,
AL 0,/TiO,<14 KPP A ST, L
FLINH, AL O,/ Ti0, <8 N Y, 8<Al,0,/TiO,
<21 Ry, KRR ALO,/TiO, %
WK TF 21 M/NT 70 (Hayashi et al. |, 1997) . &A1
BME2H (1 @ e s (Y27) 1 AR A A, A R
ALO,/TiO, AT 17.9~26.7 Z i), 2K AN K
B iR e I &/ N A PSR A R N Q|
8a) . BRFEM: Y27 S AIESL, vt i TiO,/Zr {6
AT 13.1~41. 2, 916K 28.7) , Rk Z 50 W) U5
HRK IR A 4 1F ( Hayashi et al. , 1997) (& 8b)
Th Sc FIfE 358 I0 K AT LU GO0 A TR e e, i
# Th/Sc=1 W/RIEA N &K EH7E, Th/Sc =1
BRI PG IUELS , Th/Se< 1 R H 2 M AF
AR 59K ( Taylor and McLennan, 1985) o #£ /% Th/
Sc fHER T 5 MRERT 1 LASH, Hidx 21 AMEES) Th/Se

HB<1, RS 28R 2k, DR R
FERERI AR W, Th/Se—Zr/Se 231 B SR 13T
TR 1 R 20 47 11 1) 25 B [8] % ( Mclennan et al. |
1993) , LB Th/Se—Zr/Se i 1E FH 56 # #4535t
B B2 B A K S 02 m, A5y Th/Se—
Zr/Se HLEUF 1 IEAH Sk | HUAE 5 AR 40 A8 b #a 4
5, Th/Sc {8 A % 0 WH S A9 34 A0 T Ze/Se 8 3 i g
JERS/N BRI R L )R A e 2 RE i 32 XA R
FE S 1 A8 A T S e 1 A ot EL T ) P B
FRHEAN AR S IR SR DR AR X 4 v | R XL JEE
I, JCHH B I UTRRFEIE A2 ), 5 S K2 B8 = Y6
i K L E— P m R T AL A (] 8¢ ), La Al Th
SO A 19 W U5 R B 48 AR (Mclennan et al. |
1980) , Ffifs 5 2% I FE 224k, La  Th G T R
SR E 4 1M Se Cr Co IR B W =1, LA, iRk
F La/Se fH 2 2 Wi 88 m, 1 Co/Th {H 2398 /1N,
Co/Th—La/Sc A 3 By I8 52 F K 23 B W 5 s
P H L F-BE (Mclennan et al. | 1984) , & 3EVE A
BABER Co/Th (EFEAK LasSe HMBR M5 HA
1R La/Se {HAHAK A Co/Th {H, Gu %5 (2002 ) ¥ Hif
A (Condie et al., 1993) B9 K 1l A B A Co/
Th—TLa/Se H &1 H % B T 4 W52 Joi 40 1) el
FEATEIL I (8] 8d) H e F BV A KB lT—%
HEAE L Z ), DB R PR A R E  F8 R ) E 2L
K T—r ik 1l o 32 A K B T R 1 il
FRA
4.4 FEXHELES

T, BB UTRUA 1) Bk b F R 1E 5248
WIABE PR R WA B, BARED A e 7EHL
BRAb2EARAE_ R A 2200, (ELE 2288000 ) 1L e v 45
{7 B AH [R] ( Tao Huifei et al. , 2014) . #R1M, B¢
JE ULV A ER AL 2 AR HfE S e 5 X () 3 75
S, HVRBE S WU 2 b 1) ) o T B (TR A
2017) , TRIX A& A8 ol AE , E R on R et
Ko e kAR KM (Bhatia, 1983) , Fb 4l TiO,
5 AL0,/Si0, 8 .K,0/Na,0 {5 Al,0,/(Ca0
+Na,0) [H & FEF 1 R R s AR ik, BTLL, —26 3
TR A FHOR S TR A5 XA 3 T S
fiE, 7£ K,0/Na,0 {H4355 Sio, #15 Si0,/Al,0, {H
MR E % ( Roser and Korsch, 1986) H, A i 4% 55
KB AN B IR /D 5% AT 8l KRk &
(1 9a.b) , S WL DX R 3 75 50 LA S 9IAH G R
£ ( Fe,0," + MgO ) —Ti0, 14 1& ¥ 5 H| 5 &l fitk J
(Fe,0,"+Mg0)—AL0,/Si0, KIfftH (K 9¢c.d) , ¥
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i P BT R ZHE TR A KR S IEE P, 2
g ARPES ITEEN

R TE R PR ANIE IR ) ITE La Th Co Zr 55
W TR Z YR XA T 558, W H Tk X
JEME K K Ay & 75 5t BF 5T ( Roser and Korsch,
1986) , {EMHEICE La—Th—Sc FI 51 K f# I Th—
Co—Zr/10 FI 5| E ff v (& 10a.b) , # 5L B AH X 4R
v, 250 AR R B B R B 2 B0 B Kb 340 %%
W TE M — e R3S (Ti/Zr—La/Sc
fife) i, 2B A YE N K B B I B8 Sl KB
SEREE N, DO i 5 RV AT 2 Kt i 2 B v
(B 10¢) 5T La/Y—Sc/ Cr 51| I A 45 s 0 .53 1K,
(ERECINYE =P 2 V€ gt 2 BN 15T €782 L ]
DBTEARE SN (E10d) o [RIEE, EAG 3 26

B0 1 38 SR 45 b T R R S e T LU
(% 5) , Akl LR AL 248 bR 5 PAAS & UCC
2SI L e A bR LA (B R A, SRV
By Rty 8 9K 0 Bl A iy 2 X0 A5 08 20 (BRI 5
A ERIMEZH M AL FRTE AR X B — RS, 28U S KB B
I S FUTRUA AL RREHEE . S5 B iR, &
¢ 4 L L A — A BRI ZH IO AR R DX A 5 IR S )
TS, IS i ) DRty 5 I B

S I VAR A AL B T VR R AR b 2k i A
T T S 3 e S5 B 48 I ] — A A A 1S ( A
4% ,2015; Huang Bo et al., 2018; Guo Jianming et
al. . 2020) . FINHIBITTI N HEEE A MO ] T
SRR A (ZEER AR, 1990) , AT 2% AR R e 4%
R SR O R s e T T REIE IR T



%4 RRERCAT: - TS IR 28 b AR T U 1 DX 1 e G e 2 bR A A R e b o S 1525
100
@ Tm
9 N
8 u
10 1
7
Q S 6 1
z z
am 1 5“ 5 N
M »n 4 1
3 u
0.1 1
2 r 5 M
. 53 3 IR
0.01 T T T T 0 T T T
50 60 70 80 90 100 0.01 0.1 1 10 100
Si,0(%) K,0/Na,O
1.4 0.4
(©) (d)
1.2 4
10 0.3
@ 0.8
< o
s ° 5 02
=0 gl S L
o o F1 114 Z
KKl & 5K < ,
0.4 5
A ST Eld
EEIPNRUE S HE KL% . Bashan Formation
0.24L~ i . i
LIPS ¢ Shiqiantan Formation
0.0 T i ; " y y g 0.0 : . : . . . .
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
Fe,0,'+MgO (%) Fe,0,"+MgO (%)
P&l 9 HENE IR 2 AR SRR i X A R Se e 3 1 Je 2R AAR I T s 51 14
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R A (FF BRI 4 T, 2003) o iR B A i
PR, b 5T 8 A FNZREA B 5T N Ry s b SE TN I 27 A
SAPINE 2T K (22 HR AR, 1990) |, 1 5 A 24 %
3 26 B 4 5 A% T R R ) A Rt EE A TR
S REAE B o3 A0 Y TR 5, 1 — 25 4 T i 1 FH &
HFE B A ket ( Zhang Yuanyuan et al. | 2013 [ 22}
4,2018) AAUE THTA RIS, Z 5 it X v 36
ANAE A ABIR AT INIZ X R AR e
W ] LR Y LD SR B 18 &85 S | I 7 G A e g 14
B2 58 42 A1 45 (Charvet et al. , 2001 2 B 4k 45
2004,2009) , A 2EH Lt BRI IR SR
b P BB I AR P L 4 KL SRR AE A S BERIF 9 (22 /N A
45 2009; #7914, 2018) ESE, /DR 1L 4H (F

L) DLRT, T8 W — 2T M0l — 5 o — i i s ir
KM AC LW G, ALV —pg 7R 1) R ARG 1 5
FLSE RN P4 AR BT | AN ) IX I 45 56 DA B[] A T 22
S, L) st AL DX sl 2 ) E G = R R et
AT I R AEH (a1 HT, 2006) |, 5 i
1B A (e /4R, 2006) , HOKG 22 0 — 4 7
QA By B AT i 5 4 b Py i % e il DX B B A O
T P ENES SR B AR 35 = W b IX (SR /NAAE, 2009
AR 2012) , TEALIA A 205, W R 23 b P i 32
R s [X 7 A e TR T RIE JRE I o o B (2R %
8 ,2012) R hr A BB 1) XS Bl R R N R
H AR I — R 22 2 41 2% 22 K (#1824 45, 2009,
Wang Jian et al. , 2022) . 1M 55— &8 A B X0 Uit )
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TR bl AR S XU b DX AT ) 38 AR B Bz, T
S SNV A AR B L LB DAL = i S b
255 W3R A 5% A% (Tao Huifei et al. , 2014; Huang
Bo et al. , 2018) , /K HKARMEBE 1 WU 7R 43 1l
DX, WA T T2 DX T R AR 3 A ity oA R o s it )
FRANHF KB 5 (FH S 1990; Yang Xiaofa et
al., 2012;Li Di et al. , 2020; T [ 4lI% 2019 i %
DL 20005 Xia Lingi et al. , 2004,2013; Xu Qinqin
et al. , 2013),

XU 1 X A7 7 22 DR B 2 i i LA-(MC-)
ICP-MS A B B 4 A (Rl e 67 AR T A4S
3 km, HoA BRIMEL = AT BEAT ik BT | SRAE SR AL
A TARSCA BRMELH v B R, DLIE 2) U-Pb B 4E

IREE ARy 322+£4.5 Ma(Li Di et al. , 2020) 1%
TR DRI R 320 Ma 247, 255 ElEl
25 (2018) FE XU ma A I AT AR B 2 okl b 2
AERARRE 318, 7+4. 2 Ma K 5KIGESE (2014 ) FT3kfs
Y Sm-Nd Z5EI2R4E# 319. 7+5.9 Ma 2047, EL 1L 4H
WS 8 5 — A R A DT RRAE 3 0l ~ 318 Ma, % IX.
EL 2 AR B2 AR I 5 75 RBP R M AR R 1 14l
BRI LA-ICP-MS 4588 316. 1 Ma K i 35k [
H 1 IR R RS A LA-ICP-MS 484 317.7
Ma #23IT ( 25 ,2016) , AR ERMENE /R M Sl AR ™ ke |
KL FH7E 316.1~318.7 Ma M 1H] & 48059, 76
WM N2 T RETURUWEN , Zaad ¥ 1E K it
T, A SF AR DU T 1 X o
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Hh— 01 B L LU TR (5K A5, 2020) , A A
R AR AE S AT LR A R A (B A
2018) {0 ZH I Sk B Ay e T s 7 5 T L i AU
FUURR X EL R 2 A (R B 451996 ; R fL
45 20055 BB T4 2001, F E L2, 2019) , Hg
JE — R PR R A UURUE A 10— 25 S W e ES 7 i HR 2
AR 3 K A KO AR, JOlfER
P55 | TR T H DX E L 2 80 = K L (LA-ICP-MS
BEAAERY 320,244, 2 Ma) i HBE (1545 2016) Al
TR W TR ) 2 A AR M 2 ik i 7 b J2 T TS
W7~ s P S5 Al L VR R C SR R

A ERMELE S B A AR I EE X 335 Ma,
REZAL TURIR X 1 35 2L IO F A e A Ae e 56
Br—I /R KRB, Zad A% e eHf () [A4FIE
(Li Di et al. , 2020) 43k i A0 B v] BEP IR X
I (2SR SE 1990 F E A4 2019) , 45 & XL
FEAHb X b Bl B T 04 o B AR AR (SR S AE,
2009; A, 2015 184 ,2016) S45 0 HTIAh , 2
L2 — 3 R MEZH 1) = ZE ok A JEFRET S R0, TR
b, U 1l DX 3 B AR P LU 20 35 22 1Y) o SR A A
WAEE HPTE 335 Ma BT UE S92 B 10 7 47 95 T 4% 75415
FAC AT I Z W K LE R (B 52445 ,2010, 4%
HLYLZE 2018; Li Di et al. , 2020; 28145 2021) , I
A B T AR b DX R T B S M AR 3 A S B B 3
LU= S 350 AR b DX R T AR ) 3 b A P R A 46 7
PR ) et DX Ay o M TV B B AL T = 6 I R ( 2Rk
451990 TR AESE,2020) |, ik — 20 HERRE 1A 2k v
M, 35 AR M AR T A A A I B (E
335 Ma VEC, B L—fy 45 20 V8 A 3 A 3 i e 3L
PR IX F2 R Al 5 oIR8 75 5 M (H i 7 — 2t
RVE I 1 SRR (R 5) , X 7T BE 2 12 1l ZH
B AEAE R T 5 00 B0 B0 T2 D IRIR A B2
B, DUBUA ML AL 25 5 e, B T S o S B30 o v 55
N s gt P T 0 L DX et (335 Ma 240 ) Y
F BT SR KB S Y S, X M TR A
L X YT M AL R — 25 4D FEAIESE 335 Ma 2247
TEOR B T S A 5 o e R M AR AR AL 2k 2 2T 4R N
IRF Py S A R 45 1L (Li Di et al. , 2020; Wang
Jian et al. , 2022)

5 %5

(1) EEE IR Py Ll 2H T8 B b A o B A v 24
AW CIA {H 75 Bl 58.19 ~ 72.18, -1 K
64. 70, ML IX 25 TR E R s k22 0k, &

EMZEBAZE 0P CIA (H SIS C A
(A 25 R AL m] Sz e, 0 12— B 2 Ve A & D
T A TR AR TR

(2) Ll B B 20 98 2 B4 T 22 2 LAl
PER IR LA 3, e i B e K /b A
MW, T H 2RO ARSI, ™) fdc oo
RS MG ARG T 5T 280 kA = 4
B LT, EL L2 AT REA S )2 RO TR A

(3) WL FeA R M2 08 5 10 Bk Ak 2 R
W T DU R DA 3 5t T B R B IR R &
o AR TR A T B {RAF IS B, 335 Ma 7547 S ir
TN LE G AL ER 0 B 5 RN ( E TR X))
KB 9H 57, R RO 1 X (R ZE R IX)
AIBERA AR G 5, X RN, O SE A A
G B B SRt A g I £ 9 S % Ml PR AR L 5 T
335 Ma Ze A0 i R b2 2 S i i 1

BrigH B [ A qih ek 0l T 32 ] e e
AR AR AR S 2 TR AR AR B A0 T AR rh i i 5
RIS B ARSI 111 DX S i 5 5 ) A LA
B¢ Z DAL AR J5 1 JC AL B89 5Tk 5 S8 o 1] o 1
R I O X T A TR X 3 ) X
st e S A,
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Geochemical characteristics and its geological significance of
Upper Carboniferous mudstone in Shuangjingzi area,
Eastern Junggar Basin, Xinjiang

DENG Min"* |CHENG Jinxiang" >, TANG Yong® ,FU Guobin® ,
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Objectives: A set of continuous and stable clastic deposits rock developed after volcanic rocks of the
Batamayneishan Formation in Shiqiantan sag, Eastern Junggar Basin. The study of the Upper Carboniferous
mudstones are of great significance for restoring the weathering characteristics and paleoclimate of the late
Carboniferous source area in Eastern Junggar and judging the properties and tectonic setting of the source rocks.

Methods: In order to systematically study the whole-rock geochemistry of the fine-grained sedimentary rocks,
the author have combined with the XRD, major and trace element results of the outcrop samples.

Results; Mudstones from the Upper Carboniferous mudstones are all have low quartz contents. The
Batamayneishan Formation mudstones have high clay contents, whereas those of the Shigiantan Formation have high
andesine contents. The clay compositions both of them are montmorillonites ( content>99%) , reflecting dry and
cold climate characteristics and long-term alkaline deposition medium conditions. The CIA results show that the
Batamayneishan and Shigiantan Formations experienced moderate to weak chemical weathering and had the
characteristic of alternating dry and wet climate change. The major trace elements and related discriminant diagrams
shows that the provenance of tow formations are dominated by felsic, mixed with a few meso-mafic and acidic
sources, and most of them come from undifferentiated arcs. The element-geochemical characteristics of the
mudstones reflect that the tectonic background of the provenance is mainly the continental island arc.

Conclusions; Combined with the peak age of detrital zircon in Shigiantan Formation and the analysis of the
main provenance area, it is concluded that the Yemaquan terrane and the northeastern Junggar terrane began to
change from subduction to collision orogeny around 335 Ma.

Keyword : Eastern Junggar Basin; Carboniferous; provenance; paleoclimate; tectonic setting; geochemical
characteristics
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