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Geochemical characteristics analysis and provenance tracing of sandstone
in Middle Permian Zhesi Formation, northeast Inner Mongolia

DONG Ce and ZHOU Jian-bo
(College of Earth Sciences, Jilin University, Changchun 130061, China)

Abstract: Using geochemical methods, the authors investigated the provenance of Middle Permian Zhesi Forma-
tion sandstone and its tectonic setting in northeast Inner Mongolia. By analyzing major elements, trace elements
and rare earth elements, it is found that the sandstone samples are all characterized by high SiO,, ALO;, Fe,Os
and low CaO, MgO, with their values being 67.87% ~71.94%, 14.57% ~15.61%, 2.61% ~ 6.20%,
0.31% ~0.58% and 0.80% ~1.93% respectively. The upper crust normalized spider diagrams are character-
ized by enrichment of LILE such as Ba and Sr and depletion of HFSE except for Zr and Y. The trace element
analysis demonstrates the obvious enrichment of LREE relative to HREE, with significant Eu anomalies,
(La/Yb),=5.08 ~8.67, Ew/Eu" =0.56 ~0.77. The provenance of the Middle Permian Zhesi Formation
sandstone in the work area might have been derived from felsic rocks of the upper crust, including granites. The
tectonic setting of the provenance of the Middle Permian sandstone in the work area was a continental island arc.

Key words: middle Permian; Zhesi Formation; sandstone; geochemical characteristics; sedimentary provenance
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Fig. 2 Lithofacies characteristics of Zhesi Formation sandstone in the work area
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Table 1 Detailed description of Zhesi Formation sandstone in the work area
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Table 2 Major element analyses of Middle Permian Zhesi X1070~26.7%x10"0 24.24%10°°
Formation in the work area
ZIB2 ZJB3 ZJB4 ZJB5 ZJB7 ZJBS ZJB9 ZJB-11 4
SiO, 67.87 68.38 69.32 68.53 70.24 71.94 70.85 69.59 Cs
ALO; 15.05 14.97 15.12 14.57 15.61 15.30 15.47 15.25
TiO, 0.65 0.65 0.59 0.56 0.55 0.65 0.59 0.6l Rb Nb Ta Sr
Fe,0s 6.20 5.87 4.20 5.02 3.53 2.61 2.65 4.65
P,Os 0.18 0.17 0.12 0.18 0.13 0.12 0.08 0.14
MnO 0.06 0.06 0.06 0.14 0.04 0.02 0.02 0.07
CaO  0.43 0.42 0.37 0.57 0.38 0.31 0.58 0.47
MgO 1.25 1.20 1.43 1.93 1.06 0.80 0.88 1.18 La Yb ,
KO 1.94 1.95 2.86 1.78 1.91 2.59 2.70 2.34 2006
Na,O 3.03 3.08 2.59 2.87 3.74 2.73 3.54 2.95
L.O.1 2.80 2.69 2.77 3.40 2.19 2.30 2.01 2.58 La Yb , 5.08~8.67
Total 99.45 99.44 99.44 99.55 99.40 99.36 99.36 99.83 6.68
La Sm , 2.59~-3.78
s Gd Yb, 1.20~1.58
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Fig. 3 Diagram of Fe;O; — ALO; and SiO, — ALO; for Zhesi Fu
Formation sandstone in the work area after Bailey 1981 524
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Table 3 Rare earth element and trace element analyses of Middle Permian Zhesi Formation in the work area

ZJB-2 7]JB-3 7]B-4 7JB-5 7]B-7 7]B-8 ZJB-9 ZJB-11
Sc 7.62 7.49 7.05 6.90 5.55 7.50 6.07 7.38
Ti 3764.90 4026.80 3443.70 3360.00 3104.80 3909.00 3497.80 3565.3
A% 69.00 68.76 53.84 58.68 44.08 60.18 65.96 63.47
Cr 42.83 51.95 40.07 33.52 61.72 58.41 38.01 49.53
Mn 451.30 420.90 463.00 1227.80 310.30 142.60 110.50 473.29
Co 9.63 8.51 5.33 10.52 4.91 4.32 4.21 7.88
Ni 15.60 16.87 19.77 16.32 29.57 11.81 6.13 18.51
Cu 8.43 8.34 10.30 8.90 8.94 8.59 6.95 8.63
Zn 71.23 68.77 61.92 74.6 45.53 55.39 53.38 58.98
Ga 17.13 17.93 16.63 16.39 16.14 17.95 16.95 18.03
Ge 1.41 1.39 1.00 1.35 1.78 1.43 1.22 1.14
Rb 57.80 59.03 75.21 47.32 61.09 73.72 53.56 63.43
Sr 108.40 119.60 187.00 315.9 127.50 104.90 155.60 167.34
Y 25.93 24.62 25.51 26.70 23.55 23.8 18.44 25.37
Zr 242.50 242.30 216.20 199.20 157.50 255.30 214.00 235.6
Nb 10.32 10.94 10.53 9.42 10.19 10. 66 7.44 9.97
Cs 8.23 7.91 5.49 4.27 5.57 7.26 7.56 6.78
Ba 445.50 493.60 767.10 609.00 379.80 490.20 594.80 613.37
Hf 6.25 6.45 6.11 5.37 4.56 6.73 5.64 5.97
Ta 0.81 0.85 0.85 0.73 0.79 0.81 0.59 0.83
Pb 13.87 15.85 16.14 21.71 9.92 14.23 10.14 18.61
Th 10.26 9.82 10.49 8.95 10.99 10.76 7.20 10.39
U 2.68 2.70 2.73 2.36 2.59 2.55 2.01 2.43
La 27.95 27.39 21.88 29.80 21.94 35.88 24.16 28.75
Ce 59.8 58.66 48.38 62.46 47.87 71.68 51.56 56.73
Pr 7.48 7.57 6.31 7.67 6.02 8.92 6.36 7.39
Nd 27.55 27.19 24.22 28.36 21.86 32 22.97 26.91
Sm 5.48 5.51 5.31 5.69 4.61 5.97 4.47 5.37
Eu 1.22 1.21 1.05 1.35 0.80 1.20 1.04 1.09
Gd 4.74 4.84 4.84 5.36 4.11 4.89 3.76 4.37
Th 0.82 0.80 0.86 0.88 0.72 0.79 0.60 0.85
Dy 4.85 4.82 5.09 5.09 4.32 4.65 3.53 5.08
Ho 0.99 0.98 1.00 1.00 0.90 0.93 0.73 0.97
Er 2.751 2.72 2.83 2.78 2.56 2.61 2.11 2.67
Tm 0.43 0.42 0.43 0.42 0.40 0.42 0.33 0.39
Yb 2.84 2.91 2.91 2.75 2.77 2.79 2.29 2.81
Lu 0.45 0.45 0.45 0.43 0.43 0.44 0.36 0.42
> REE 147.35 145.47 125.56 154.02 119.29 173.16 124.27 143.80
L H 7.25 7.11 5.82 7.24 6.37 8.89 8.06 7.19
La Yb , 6.64 6.35 5.08 7.32 5.34 8.67 7.12 6.90
La Sm , 3.21 3.13 2.59 3.30 3.00 3.78 3.40 3.37
Gd Yb , 1.35 1.34 1.34 1.58 1.20 1.42 1.33 1.26
Eu Eu” 0.73 0.72 0.63 0.75 0.56 0.68 0.77 0.69
Ce Ce” 0.90 0.89 0.90 0.90 0.91 0.87 0.91 0.85
La Yb yee 0.72 0.69 0.55 0.80 0.58 0.94 0.77 0.75
La Th- HI
5b Floyd and Leveridge 1987
La Th-
La Yb U(j(1< 1 ZJB-7 Hf 6

Eu



669

4
O ZJB-2 OZJB-3 +ZJB-4 AZJB-5
[ & Z)B-7 V ZIB-8 < ZIB-9 > ZJB-11

| I T R Ly
RbBaThUCsNbTaLaCeSrNdZrHf SmEuTiTbY Yb Lu

McLennan 1985

Fig.4 Upper crust normalized trace element spider diagram

Taylor

of Zhesi Formation sandstone in work area Upper crust value

after Taylor and McLennan 1985

200, 2.0
OZIB-2
100
g1 IS
=TI £
= 4
® T ~ 1F
= t g
i #
#
10
H- L L 1 L 1 L L L L L L L L L 05 L L L L L L L L L 1 L L L L
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
5 a b Boynton 1984

Taylor

McLennan 1985

Fig.5 Chondrite-normalized REE patterns and UCC-normalized REE patterns of Zhesi Formation sandstone in the work area

chondrite value after Boynton 1984 Upper crust value after Taylor and McLennan 1985

Bailey 1981
Bhatia 1983

OIA CIA

Murry 1990

Ce
400 km
Ce Ce Ce*
0.29 Ce Ce Ce¥  0.55
1000 km Ce
Ce Ce*  0.9~1.3
Ce Ce® 0.85~0.91 3



670 31
1 Bhatia 1985
0ZJB-2
TheE R ZRESR igBB-i REE 4
1ol AZIB-5 > REE LREE HREE
ﬁ O ZIB-7 I Yb
= ZJB-8 -a
Y A K IR R o
2 KRR > ZIB-11
= 5t ~
EIpE S
LB L Bhatia ~ Crook 1986 Taylor  McLennan
0 15 1985 La Tl’l Y Zl‘
Ww(H)/10°® s ) N
Ti Co Ni Zr Hf Eu Eu®™ Ta Nb
6 La Th-Hf LaSc Th U
Floyd  Leveridge 1987
Fig. 6 La Th- Hf discrimination diagrams of Zhesi Forma- La-Th- Se Ti Zr - La Sc
tion sandstone in the work area after Floyd and Leveridge La-
1987
6.0
QZJB-2
O ZIB-3 M
+271B4 | +
50
AZIB-5 [5) v
OzBT| $ >
=) vV ZIB-8 5:? Lol A9
Z <ZB-9 | Z <J &
= =
= >ZIB-11| 2
% % 3.0 cla
O-O 1 1 L é L 1 lI0 L L 1 1 15 1.0 L L L g L L L L l|0 L L L L 15
1.4 0.4
12
10 ]
. )
X 2
§, 0.8 ¥
g z o
206 % CIA =
EY
0.4
ACM B
02 PM
0.00 L ! 1 1 ; 1 1 1 1 l|0 1 1 1 1 T O'OO 1 1 1 5I ! 1 1 ! lI0 ! 1 1 1 TS
w(Fe,05+MgO)/% w(Fe,05tMgO)/%
7 Bhatia 1983

Fig. 7 Tectonic setting discrimination diagrams of major elements of Zhesi Formation sandstone in the work area
after Bhatia 1983
ACM—

OIA— CIA—

PM—

OIA—oceanic island arc CIA—continental island arc ACM—active continent margin PM—passive continent margin



671

5
4 REE Bhatia 1985 wp 1070
Table 4 REE geochemical parameters of sandstone in different tectonic settings after Bhatia 1985
La Ce > REE La Yb La Yb y L H Eu Eu”
8§+1.7 19+£3.7 58£10 4.2+1.3 4.2+1.3 3.840.9 1.01£0.11
27+4.5 59+8.3 146 £20 11.0£3.6 7.5+£2.5 7.7£1.7 0.79£0.13
37 78 186 12.5 8.5 9.1 0.6
39 85 210 15.9 10.8 8.5 0.82
27.47 58.77 147.11 9.36 6.31 6.52 0.65
Th-Sc 8a
Ti Zr— La Sc 8b
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Fig. 8 Tectonic setting discrimination diagram for Zhesi Formation sandstone in the work area after Bhatia and Crook 1986

A— B— Cc— D—

A—oceanic island arc B—continental island arc C—active continent margin [D—passive continent margin



672

31

Ba Sr Rb

Zr Y Th Nb Hf Ta U

Eu

References

Bailey J] C. 1981. Geochemical criteria for a refined tectonic discrimina-
tion of orogenic andesites J . Chem. Geol. 32 139~154.

Bhatia M R. 1983. Plate tectonics and geochemical composition of sand-
stones J . Journal of Geology 91 611~628.

Bhatia M R. 1985. Rare earth elements geochemistry of Australian Pale-
ozoic graywacks and mudrocks Provenance and tectonic control ] .
Sedimentary Geoloy 45 97~113.

Bhatia M R and Crook K A W. 1986. Trace element characteristics of
graywackes and tectonic setting discrimination of sedimentary basins

J . Contributions to Mineralogy and Petrology 92 181~ 193.

Boynton W V. 1984. Cosmochemistry of the rare earth elements mete-

orite studies A . Henderson P. Rare Earth Elements Geochemistry
C . Amsterdam Elsevier 63~114.

Chen B Jahn B M and Tian W. 2009. Evolution of the Solonker suture
zone constraints from zircon U-Pb ages Hf isotopic ratios and
whole-rock Nd-Sr isotope compositions of subduction-and collision-re-
lated magmas and forcare sediments ] . Journal of Asian Earth Sci-
ences 34 3 245~257.

Chen B Jahn BM Wilde SA et al. 2000. Two contrasting Paleozoic
magmatic belts in northern Inner Mongolia China petrogenesis and
tectonic implications J . Tectonophysics 328 1~2  157~182.

Chen Bin  Zhao Guochun and Wilde S A. 2001. Subduction-and colli-
sion-related granitoids from southern Sonidzuogi Inner Mongolia
isotopic ages and tectonic implications ] . Geological Review 47

4 361~367 in Chinese with English abstract .

Cheng Yuqi. 1994. Chinese Metamorphic Rocks Metamorphic Belt and
Metamorphic Evolution A . Cheng Yugi. Concise Regional Geology
of China C . Beijing Geological Publishing House 432 ~447 in
Chinese .

Dickinson W R and Suczek C A. 1979. Plate tectonics and sandstone
compositions J . AAPG Bull. 63 2164~2182.

Dong Shenbao  Shen Qihan and Sun Dazhong. 1986. The Instructions
of Chinese Metamorphic Map M .
House 1~37 in Chinese .

Beijing Geological Publishing

Floyd P A and Leveridge B E. 1987. Tectonic environment of the Devo-
nian Gramscatho Basin  South Cornwall framework mode and geo-
chemical evidence from turbiditic sandstones ] . Journal of the Geo-
logical Society of London 144 531~3542.

Geology and Minerals Department in Inner Mongolia Autonomous Re-

gions. 1991. Regional Geology in Inner Mongolia Autonomous Re-
gions M . Beijing Geological Publishing House 210~215 in Chi-
nese .

Han Guoging Liu Yongjiang Wen Quanbo ez al. 2011. LA-ICP-MS
U-Pb dating of detrital zircons from the permian sandstones in north
side of Xar Moron river suture belt and its tectonic implications J .
Earth Science-Journal of China University of Geosciences 36 4
687~702 in Chinese .

Huang Benhong. 1982. Permo-Carboniferous terrestrial deposits and pa-
leogeographic features in the northern part of northeast China J .

395~401

Kan Zezhong Liang Bin Wang Quanwei et al. 2006. Geochemistry

Geological Review 28 5 in Chinese .

of the Shaximiao Formation in a dinosaur fossil site Guangyuan

Sichuan and its implications for the source area and paleoweathering
J . Geology in China 33 5 1023~1029 in Chinese .

Liu Jianfeng. 2009. Late Paleozoic Magmatisi and Its Constraintson
Regional Tectonic Evolution in Linxi-Dongwuqi Area  Inner Mongo-
lia Doctor thesis D . Changchun Jilin University in Chinese .

Lii Zhicheng Hao Libo Duan Guozheng et al. 2002. Lithogeochemi-
cal characteristics and tectonic Implications of two series of volcanic
rocks from early permian Dashizai formation in the south section of Da
Hinggan mountains J . Geochemica 31 4 338 ~ 346 in Chi-
nese .

McLennan S M. 1989. Rare earth elements in sedimentary rocks influ-
ence of provenace and sedimentary processes J . Reviews in Mineral-
ogy and Geochemistry 21 169~200.

McLennan SM  Hemming S McDaniel M ] et al. 1993. Geochemical
approaches to sedimentation provenance and tectonics A . Jonhan-
son M J and Basu A. Processes Controlling the Composition of Clastic
Sediments Boulder C . Colorado Geological Society of America Spe-
cial Paper 284 21~40.

Murry R W. 1990. Rare earth elements as indicators of different marine
depositional environments in chert and shale J . Geology 18 268~
271.

Nance W B and Taylor S R. 1976. Rare earth element patterns and
crustal evolution Australian post-Archean sedimentary rocks ]
Geochimica et Cosmochimica Acta 40 1539~1 551.

Nesbitt H W and Young G M. 1982. Early Proterozoic climates and
plate motions infered from major element chemistry of lutites ] . Na-
ture 199 715~717.

Ren Shoumai  Qiao Dewu Zhang Xingzhou et al. 2011. The present
situation of oil & gas resources exploration and strategic selection of
potential area in the Upper Paleozoic of Songliao Basin and surround-
ing area NE China J . Geological Bulletin of China 30 2 3 197
~204 in Chinese .

Roser B P and Korsch R J. 1988. Provenance signatures of sandstone-
mudstone suites determined using discriminant function analysis of
major-element data J . Chemical Geology 67 119~139.

Shi G R. 2006. The marine Permian of East and Northeast Asia an

and palaeo-

overview of biostratigraphy  palaeobiogeography

geographical implications J . Journal of Asian Earth Sciences 26



673

175~206.

Shi Yuruo Liu Dunyi Jian Ping ez al. 2005. Zircon SHRIMP dating
of K-rich granites in Sonidzuogi cental Inner Mongolia J . Geologi-
cal Bulletin of China 24 5 424~428 in Chinese .

Shi Yuruo LiuDunyi Zhang Qi et al. 2004. SHRIMP dating of dior-
ites and granites in southern Suzuoqgi Inner Mongolia J . Acta Geo-

789~799 in Chinese .

Taylor SR and McLennan S M. 1985. The Continental Crust Its Com-
position and Evolution. An Examination of the Geochemical Record

Blackwell

logica Sinica 78 6

Preserved in Sedimentary Rocks M . Oxford London
Scientific Publication 1~301.

Wang Chengwen Jin Wei Zhang Xingzhou ez al. 2008. New under-
standing of the late Paleozoic tectonics in Northeastern China and ad-
jacent areas J . Journal of Stratigraphy 32 2 119~136 in Chi-
nese .

Wang Zhonggang Yu Xueyuan and Zhao Zhenhua. 1989. REE Geo-
chemistry M . Beijing Science Press 1~93 in Chinese .

Yu Hezhong. 2001. Sedimentary facies and palacogeography of the
Songliao Basin and its peripheral areas during Carboniferous-Permian
time J . Sedimentary Geology and Tethyan Geology 21 4 70~
83 in Chinese .

Zhang Xin Zhang Jinliang and Qin Lijuan. 2007. Petrological character-
istics and provenance analysis of sandstones in the kepingtage Forma-
tion of silurian in the tarim basin J . Journal of Mineral and Petrolo-
gy 27 3 106~115 in Chinese .

Zhang Xingzhou Qiao Dewu Chi Xiaoguo et al. 2011. Late-Paleozoic
tectonic evolution and oil-gas potentiality in northeastern China J .

205~213 in Chinese .

Zhang Xingzhou  Zhou Jianbo Chi Xiaoguo et al. 2008. Late Paleo-

Geological Bulletin of China 30 2 3

zoic Tectonic-Sedimentation and Petroleum Resources in Northeastern
China J . Journal of Jilin University FEarth Science Edition 38
05 719~725 in Chinese .

Zhang Yongsheng Wang Yanbin Lu Zhenquan et al. 2011. Charac-
teristics of source rocks from Carboniferous-Permian in Songliao Basin
and its peripheral area northeastern China ] . Geological Bulletin of
China 30 2 3 214~220 in Chinese .

Zhu Rukai Xu Huaixian Deng Shenghui et a/. 2007a. Lithofacies
palacography of the Carboniferous in northern China J . Journal of
Palacogeography 9 1 13~24 in Chinese .

Zhu Rukai Xu Huaixian Deng Shenghui et al. 2007b. Lithofacies
palacography of the Permian in northern China J . Journal of Palaeo-

geography 9 2 133~142 in Chinese .

Wilde S A. 2001.

] 47 4 361—367.

. 1994.
C.
. 1986.
1~37.
. 2011.
LA-ICP-MS U-Pb

e 36 4

. 1982.
28 5 395—401.

. 2006.

335 1023~1029.
. 2009. -

. 2002.

338~346.
. 1991.
210~215.
. 2011.
I
. 2005.

SHRIMP U-Pb J . 24 5

428.
. 2004.
SHRIMP J.
. 2008.

I 32 2

. 1989.
1~93.
. 2001.
21 4 70~83.
. 2007.
I
. 2011.

. 2008.

725.
. 2011.

. 2007a.
1. 91

AL
432~447.
M .

687~702.

3023 197-204.

424 —

78 6 789~799.

119~136.
M .

27 3 106—115.
30 23 205~213.

38 05 719~

3023 214-220.

13~24.

. 2007b.

] 92

133~142.





