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Fig. 1 Sketch map of geological structure and outcrops distribution in Yili area
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Fig. 2 Composited column of stratum and stratigraphic correlation of Middle Permian in Yili area
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Fig. 3 The lithology characteristics of Middle Permian at Qunjisayi section in Yili area
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(a)—Conglomerate at the bottom of Xiaoshansayi formation; (b)—gray mudstone at lower-middle of Xiaoshansayi formation; (c¢)—limestone

at middle of Xiaoshansayi formation; (d)—asymmetric ripple mark in sandstone at upper of Xiaoshansayi formation; (e)—conglomerate at the
bottom of Tiemulike formation; (f)—carbonaceous mudstone and gypsum salt layer at lower-middle of Tiemulike formation; (g)—black argillite

at middle of Tiemulike formation; (h)—yellow-green sandstone at middle-upper of Tiemulike formation
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Table 1 Major element content of Middle Permian at Qunjisayi section in Yili area

_ SiO, Al, O3 | Fes O3 FeO CaO MgO K;0O Naz; O TiO, P, 05 MnO | #% %
SR B ) 1 GATE RS
73] % 0 73] %) %0 % 0 ¢Z3) %) 0 73]
14QJSY-CHI1 60. 38 13. 67 1.17 3. 27 5. 85 2.03 3. 27 1.93 0.52 0. 10 0. 070 7.75
14QJSY-CH2 63.79 13. 00 2. 88 1. 69 3. 04 4.21 2.05 3. 89 0.51 0.12 0. 080 4.72
14QJSY-CH3 53. 83 12.05 3.47 1. 20 9.93 2.54 3.39 1. 31 0.49 0.12 0. 070 11. 56
14QJSY-CH7 59. 40 13.73 2.95 0. 80 6.72 2.01 3. 60 2.33 0.52 0.11 0. 050 7.76
14QJSY-CHS 60. 62 14.74 3. 56 0. 94 2.76 2.51 4.47 1. 29 0. 64 0. 16 0. 040 8.25
14QJSY-CH9 56. 31 13.35 3.48 1. 89 7.50 2.46 2.78 4.13 0. 68 0. 10 0.12 7.18
ey 14QJSY-CH10 46. 62 10. 88 2. 64 1.12 15. 16 2. 00 3.16 1. 04 0. 46 0. 14 0.12 16. 62
A 14QJSY-CH11 50. 42 11. 46 3.12 1. 04 12. 71 2. 14 3. 10 0. 99 0.48 0. 14 0. 080 14. 33
14QJSY-CH12 | 40.55 9.10 2.37 0. 90 21.25 1. 66 2. 60 0. 86 0.38 0.13 0.10 | 20.09
14QJSY-CH13 50. 50 11.77 2.84 1. 62 11. 94 2.25 3.18 1.02 0.47 0. 14 0. 070 14. 17
14QJSY-CH14 57.78 12. 81 1. 30 1. 49 10. 14 1. 28 2.78 2. 65 0.47 0. 10 0.070 9.13
14TMQSY-CH1 | 58.04 14. 42 2. 14 1. 23 6. 50 1. 30 2.96 1.13 0. 68 0. 14 0.035 11. 44
14TMQSY-CH4 | 47.98 10. 62 1.97 1. 54 13. 96 1. 48 1. 88 1. 32 0.47 0.19 0. 14 18. 37
14TMQSY-CH7 | 25.54 5.19 0. 87 1. 10 32. 64 1. 24 0. 68 1.07 0. 24 0.22 0.050 | 31.10
R 14BKLSY-CH1 | 48.49 10. 07 1. 67 0.71 17.74 1. 14 2.57 1.91 0. 40 0. 10 0. 10 15. 10
14BKLSY-CH2 | 68.86 15. 10 0. 83 1. 19 1.02 0. 54 8.16 2.07 0. 37 0. 050 0.020 1.77
RIS 14BKLSY-CH3 | 22.76 3.51 0.42 0.52 55. 56 0. 94 0.67 0.53 0.12 0.12 0.12 14.61
Wi 14BDL-CH1 15.61 2.92 1. 34 1.41 41. 21 0.93 0.52 0. 56 0. 14 0.22 0. 30 34. 84
- 14BDL-CH2 11. 64 2.28 1. 33 1. 26 44. 20 0. 86 0.27 0. 43 0.12 0.23 0. 38 36.98
& 14BDL-CH3 37. 20 8. 40 2.56 1. 44 23.39 2.25 1. 41 1. 56 0.42 0.18 0.090 | 21.09
F2 FREBWRBHFERIAP_BARLITESITER
Table 2 REE element content of Middle Permian at Qunjisayi section in Yili area
La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu Y
e R (X (X (X (X (X (X (X (X (X (X (X (X (X (X (X
1076) | 1076) | 1075) | 1076) | 107%) | 1075) | 107 6) [ 107%) | 1075) [ 107 6) [ 107 %) | 107 5) [ 107 ¢) | 107 %) [107©)
14QJSY-CH1 16. 6 36. 4 4.75 19. 2 3.99 0.93 3.79 0.62 3.81 0. 81 2. 38 0. 37 2. 44 0.37 | 19.9
14QJSY-CH2 15.8 35. 8 4.73 19. 4 4.25 1.12 4. 19 0.68 4. 16 0. 87 2.54 0. 39 2.53 0.38 | 22.3
14QJSY-CH3 18.8 40. 6 5. 14 20. 6 4. 64 1 4.22 0.67 4. 06 0. 85 2.45 0. 38 2.48 0.38 |21
14QJSY-CH7 16.1 35.6 4. 64 18.5 3.99 0. 96 3.85 0. 64 3. 94 0. 82 2.41 0. 37 2. 38 0.37 | 20.1
14QJSY-CHS 17.6 38.6 5.08 19. 4 4. 33 0.9 4.28 0. 67 4.15 0.9 2. 64 0.41 2.67 0.4 22.5
14QJSY-CH9 19.5 40. 5 5.17 19.6 4.32 1.2 3.95 0.62 3. 65 0.75 2.15 0.33 2.18 0. 34 18.9
14QJSY-CH10 | 22.6 46. 2 5.96 23.6 4. 96 0.98 4.8 0.74 4.58 0. 94 2.6 0.4 2.52 0.38 | 22.8
14QJSY-CH11 | 19.9 42.1 5.59 22.5 4.78 0. 94 4. 36 0.7 4. 26 0. 88 2.56 0.4 2.56 0.38 | 21.9
14QJSY-CH12 | 21.5 43. 8 5. 36 20. 4 4.15 0. 85 3.99 0.62 3.52 0. 71 2 0. 32 1. 99 0. 31 19.4
14QJSY-CH13 | 20.4 43. 8 5. 54 22.2 4.72 0.95 4. 36 0.71 4.2 0. 87 2.48 0. 38 2.43 0.37 | 21.4
14QJSY-CH14 | 20.2 41. 2 5.19 19.8 4.02 1. 08 3.68 0.59 3.5 0.72 2.06 0. 32 2.07 0.32 | 17.9
14BKLSY-CH1 | 18.8 37.7 4.76 18.1 3.74 0. 88 3.48 0. 55 3.23 0.67 1. 96 0.3 1. 86 0.29 |17
14BKLSY-CH2 | 43.2 | 86 10 37 6.75 1.22 5.68 0. 85 4. 54 0. 88 2.41 0. 36 2.28 0.33 | 20.9
14BKLSY-CH3 7.45| 14.6 1. 66 6.16] 1.19 0.45 1. 08 0.18 1 0.19 0.52 0.075| 0.47 0. 069 5.59
14BDL-CH1 13.3 26.4 3. 04 11 2.22 0.5 2.08 0. 31 1. 68 0. 32 0. 81 0.12 0.74 0.11 9.6
14BDL-CH2 12.5 24.5 2.82 9.88] 1.91 0.45 | 2 0.28 1.5 0. 29 0. 74 0.11 0.7 0.11 8.91
14BDL-CH3 16. 4 32.5 3.91 14. 2 3.01 0.77 2. 86 0.43 2.61 0.53 1.43 0.22 1. 44 0.22 13.5
14TMQSY-CH1| 34.1 69. 2 8. 56 30.7 | 7 1.12 6.72 1.02 5.76 1. 14 3.24 0. 46 3.04 0.46 | 30.6
14TMQSY-CH4| 23.6 46. 3 5.39 20. 8 4.9 0. 86 4. 64 0. 65 3. 66 0.72 | 2 0.3 1. 95 0.29 | 18.8
14TMQSY-CH7| 11.7 22.9 2.56 9.55| 2. 14 0. 45 2.35 0. 34 1. 87 0. 38 0. 99 0.15 0. 95 0. 15 9.91

(SX-45), MR o 22 C IR Ny 56 Co il 72
R R R AL A R B AE N B B AR S iR
ORI N YT E A SRy L AN S L R
it <P 3 s B X 2 O 6 i A A I
FEDET 500, Bl oo R IR HL 8 5 25 B T 1A

RGBT ARBGE A MK RN < S
He URE T v SR A R L U SRURR T s Z ) K 28 ke
T B i R R U AR 2 5 1T 4 B T AR R O
5 S T AT AT 0. B OUR Z I
YU IE Ja B2 R Jm e 4 R o Ml o0 3R IR
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TR A S B TR AL (ICP-MS) . MR B N F
W RE T A S i B0 R L/ O A R R A R P IR A Y
5), 78 1025 C UL B b vbos A6 I8 0% 1 s - T il
W2 R AN TR 7% 5 P FH 45 B T AR I A 4 AT
MRS 5%,

4 2

4.1 MANEHHRE

Ry A A AR AR R W U A 1 L
(St)/m(Ba) . [m (B)/m (Ga) | Fl il i & 70 (w
(B)) . [m(Sr)/m(Ba) LA T 1F A v £ B2 ) 51 1)
FAARE S K 7 W B A AT S B8 ) b i R ER
165 W B BE AR DR T A M 3R Ak 2 % 5T (Zheng
Rngecai et al. , 1999), [m(Sr)/m(Ba) Bl it &I
JR T 1 K AT DA P b e Wty R B AT DURR A
Bl E R . — Ok UL, ST Lm (St) /m
(Ba) J7E 1. 0~0. 6 2 Bk AH /N 0. 6 R BUS K
AR TR 1 GEEARD GUARRP L (Sr) /m (Ba) {H K T
1(Zheng Rngcai et al. , 1999; Wang Yiyou et al. ,
1979), [m(B)/m(Ga) [ m(Sr)/m(Ba) |# 21k
12l (Chen Zhongyuan et al. ,1997), #F5% 3 W,
— U [m (B) /m (Ga) T K ELLL 3.3 H, K
T 3.3 WK B W R AL . /T 3.3 K A 38 ik
fb, H 32 X 3k 35 45 8 5t {6 % 1 (Department of
marine geology, Tongji University, 1980), i 5
Tt 3 BOR FI W TR OB B 7 kB LB RO 45
$iZ— (Ming Chengdong et al. , 2015) , Bl £& ¥ i

FE R 22 300 20 S 2 B AR KA R Y kR o R
JIE B BRI K P o0 R A ] DL AR s P
JSLE 7K A B R B2 fE (Couch, 19715 Walker,
1968) . ix & B & it w1l LU Sy ily 0 AR B0 55 45 Ak 19 4K
i ( Department geology,
University, 1980), — &M ZIR/KITFH B & 5
A%, FAKITTH 25 100mg/kg (Department of
geology, Nanjing University, 1979), A5 %
JH Sz ) 1) T8 5 66,38 5 19 [on (St) /m (Ba) JFI[m (B) /
m(Ga) |5 —2 g HEL EFEHEE W[ m(Sr) /m(Ba) |l
[m(B)/m(Ga) 147X G o 5 P 43 B v — & i kR
L 2H FA RS L B AR ZH B DT AR PR SR AR L S5 R NSk 3
FrR .

DA X v 2 i L L B A (o (B)) Oy
14.3X10° ~75.2X 10 °, S (E K 41.9 X105,
H % T R OR L S 4L (o (B)) S 43,9134 X
1070 Sl 88. 9100, o & i LB B 1L =
HOTRUY JE 8 ve B A 3 5% 4K L X [n (Sr) /m (Ba)
PN 109, [m (B) /m (Ga) J¥{E N 7. 76, g 5
TR IR s e 0 AR B ve 41 [om (Sp) /m (Ba) JZE B T
R — &K ETE 6.64~9.17,[m(B)/m
(Ga) JTE T AL HR— e ¥y vg — S P39 (E 2. 91 —
6. 83, ZRA3 43 T aX — Hit X Ay BB B K PR 45 5 TR )
AR [m(B)/m(Ga) [SEE N 1. 08, [m(B)/m
(Ga) PPYE R 2. 81, 2 B Hh 4 BUK FRAE 7T BE 2% 4
DA R A B 5 2 AR I A T 950 K T F) Bt 2 B
Ry R 4,

of marine Tongji
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Table 3 Salinity analysis of Yili area and Partially known environmental salinity statistics in our country

[m(Sr)/m(Ba) ] [m(B)/m(Ga)]
JCH H SRS PRk IR
L Min Max Avg Min Max Avg BERR IR
I AL Z 1 T R K 8 A 1.0 2.0 4.9 Qian Kai et al. ,1982
IR B M VD Y B Rk K I A 0.7 7.9 1.3 4.0 7.0 6.1
s oy ; Deng Hongwen et al. , 1993
IRE UG T = BER K AR 0.2 1.2 0.6 0.6 3.0 1.4
BT 43 1 3 R IR K 0 AR 0.5 3.0 4.0 Liu Pinglue, 1985
VB B 308 B T AR — 3 R T A 1.5 1.6 Qu Xingwu
Ly R J73 308 18 VS A VA A 1.3 1.45 et al, 1979
AL X bk =y 0.56 | 14.15 | 6.94 o
R Miao Jianyu, 2001
N W 9.85 14.1 11. 97
= 3 0.11 2.01 1. 08 1. 06 3.70 2. 81
090 B B 7 FRER .
P HETTEEIK 1. 39 14. 02 6. 64 6.43 7.36 6. 83 SRR
AR 1 15 ) 1% 2.81 13.71 9.17 1.32 5. 54 2.91 Nk
P Bl X% 101 BE AR 4 T BRIk 0. 36 2.15 1.09 1.06 3.76 2.76
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4.2.1 &U ;%K Th/U Lb{&E%

Th Al U e 38 SRS Bk AL 7 P 5O B 72

EALIRES T 2Z 4R KX (Liu Yingjun et al. , 1987),
HEREARTET.Th HA 4 h—MHEHAR G %
fift 1 U WA —FE . AR IR T U —fE 16
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Fig. 4 Geochemical charanterietine of Middle Permian at Qunjisayi section in Yili area

B & LU E i T2 20 5 Bk IR AR 25 - 45 & F i U0,
(CO " IR K P REFE. EEMUT
Fe'' & Fe'' AW R %4 TF, U ik 7k
UL IEZ W49 (U0, . U, Oy) 5% 3 1 16 1R
KIS MIE XU M E £ 5T Y+
(McManus et al. , 2005), U 7Es@RJFARES T A+
A AR TR SR EETRY b E &£ T X
PRG3R A M ER b 2 P R 25 L W R & U 3k A
Th/U {8 2% H W7 U0 B3 58 19 &1k 8 Bk 2
(Kimura et al. ,2001), &UEXLARWM T & U=
U/[ 0. 5X(Th/3+U)7, & U1, % B ik 38 7 R
Bis & U1, M8 B M IE 3 (9 K 1K 3R 855 ( Tonger et
al. , 2004), Th/U{HFE 0~2 Z|a]45 7 B & 18 5 3
BEL R H ALK T XA HE A5 8 (Kimura et
al. . 2001),

P AL X v = B i R e L R ik 4l s 2 & U
H0.81~1.53, F-H{H K 1.03; Th/U fi H 0. 92~
4,40, F(E R 3.05, H s B R OK BE vE 4
@A &U K 0.84~1.76, ¥ K 1.19 ~

1.563 Th/U fH 7€ 0.41 ~4. 12, F¥H K 0.91 ~
2.48, ¥k 1.83(FK 1),
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Table 4 Trace elements on the sedimentary environment of

oxidation-reduction conditions of Middle Permian in Yili area

&.U Th/U V/(V+Ni)
Min |Max| Avg | Min |Max| Avg | Min | Max| Avg
BET R4 0. 84 (1. 76{1. 28]0. 41|4. 12|2. 11]0. 71|0. 79|0. 76
[ R B BE4K] 0. 85| 1. 68]1. 19]0. 57|4. 04|2. 48]0. 780. 87/0. 81
WA FNZE |1, 27|1. 74|1. 56]0. 45|1. 74|0. 91]0. 79]0. 87|0. 84

M2 | AR

BB
P

¢ Ll

B BEAK 0. 81|1. 53|1. 03]0. 92[4. 40(3. 05|0. 76]0. 94]0. 86
BEAK 2

4.2.2 V/(V+Ni) b &%
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(Miao Jianyu, 2001),
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the Middle Permian mudstones at Qunjisayi section of

Nileke country in Yili area
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Geochemical Discrimination of Middle Permian Sedimentary Environment
of the Yili Area, the Border between China and Kazakhstan

FENG Yangwei,JIANG Ting,SONG Bo,NIU Yazhuo
Xi’an Center of Geological Survey, China Geological Survey; Key Laboratory for the Study of Focused Magmatism
and Giant Ore Deposits s MLR; Geological Research Center of Orogenic Belt s China Geological Survey . Xi’an, 710054

Abstract

The dark mudstones in fine-grained sediments are one of the most favorable carriers for the
depositional environment analysis using geochemical indicators. The Middle Permian mudstones are well
developed in the Yili area of China-Kazakhstan border. Determining the sedimentary environment during
mudstone formation is critical to whether it can be the source rock of hydrocarbon and its potential to
generate oil and gas. Based on the analysis of the major elements, trace elements and rare earth elements of
dark mudstone, the elements which are sensitive to the depositional environment were selected in this
study. The relationship between the content with its ratios of trace elements and sedimentary medium
environment was analyzed. The sedimentary environment characteristics, such as climatic conditions,
salinity, redox conditions of the lake basin during Middle Permian in Yili area were discussed. Our results
indicate that the values of Sr/Ba, B/Ga and w(B) reflect a brackish-saltwater sedimentary environment in
the Yili area during Middle Permian, with the paleosalinity of the lake gradually increasing from the early
Xiaoshansayi period to the late Tiemulike period. The data of & U, Th/U and V/V+Ni)reveal that the
Middle Permian of the Yili area developed under an anaerobic environment, in which water was weakly
stratified with H, S gradually occurring at its bottom. Based on the standardized distribution of Middle
Permian mudstone by North America shale, it can be speculated that the paleoclimatic environment was
dry climate with weak chemical weathering and calm water. Comprehensive analysis above suggests that
the Yili area was in a dry, hypoxia saltwater environment during Middle Permian, with the reducibility and

salinity of water in sedimentary environment gradually increasing from Early Permian to Late Permian.
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