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Sedimentary characteristics of Paleocene huge marine gypsum rock in

southwestern depression of Tarim Basin and its environmental significance

GAO Chao'*?, CAO YangTong*, LIU ChengLin*, JIAO PengCheng* and XU HaiMing*
(1 Chinese Academy of Geological Sciences, Beijing 100037, China; 2 China University of Geosicence, Wuhan 430074, Hubei,
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Beijing 100037, China)
Abstract

Huge-thickness marine gypsum rock were deposited in southwestern Tarim Basin during the Aertashi For-
mation of the Paleocene. Which is composed of marine gypsum rock and intercalated with thin mudstone, silt-
stone and limestone beds, represents cycling transgression and regression in southwestern Tarim Basin from the
Paratethys Ocean to the west. Through field survey, large amounts of marine gypsum rocks in the Aertashi For-

mation were found in Pilali, Aertashi, Mazartag, and Dashankou areas. In this depression, gypsum rock with
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stable deposition thickness is widely distributed and developed in the West Kunlun and South Tianshan piedmont
as well as on the Maigaiti slope. Major minerals in gypsum rock are gypsum and anhydrite. SEM analysis shows
that the gypsum rock contains halite, glauberite, potassium-bearing magnesium sulfate, and clay minerals that
are mainly finely crystalline or microcrystalline, indicative of the potassium-rich brine entry into the depression
during the deposition of the Aertashi Formation. Geochemical analysis of gypsum rock of the Pilali section re-
veals that two peaks relatively rich in potassium occurred during the ancient saline lake evolution in Paleocene.
Sedimentary rhythms of clastic rock-thick gypsum rock-clastic rock were developed in the depression during the
Aertashi period because of multi-stage transgression by the Paratethys seawater, accompanied by variation of sea-
water salinity from brackish to saline and to brackish. Gypsum rock of the Aertashi Formation expanded from
west Kunlun Mountains to Maigaiti slope due to four large-scale transgressions, indicating gradually widening
transgression by that time. Medium-thick limestone beds developed in the upper part of the Aertashi Formation
suggests that the sedimentary environment had evolved from the lagoon to the shallow sea in southwestern de-
pression of Tarim Basin by the end of the generation of the Aertashi Formation.

Key words: geology, Paleocene, gypsum, sedimentary characteristics, environmental significance, south-

western depression of Tarim Basin
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Fig. 1 Sketch map of tectonic division of the southwestern Tarim Basin (modified after Zhang et al. » 2007;

Fang etal.» 2009; Cao et al., 2016)

1—Tectonic boundary; 2—City
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Table 1 Strata in southwestern Tarim depression (after Liu et al., 2015)
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Fig. 3 Gypsum rock outcrops and lithology in southwestern depression of Tarim Basin

a. Aertashen and grayish green mudstone interbedded with ‘gray thick layer of gypsum rock layer; b. The thick layer of plaster bandage celadon

glutenite along Pilali sections c. Mazhatage gypsum rock outcropss brownish red or grayish green mud ; d. Brownish red mudstone rock interbedded

with thick layer of plaster layer along Dashankou section
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Gy— Ce— Gla— H— anh— Kmgs—
Fig. 4 The mineral characteristics of gypsum rock in pilali section
a. Crusty halite filling the gypsum b. Energy spectrum of halite c. Crystalline celestine between microcrystalline gypsum d. Energy spectrum of ce-
lestine e. Energy spectrum of gypsum f. Petals shaped glauberite and dissolution of rock salt g. Energy spectrum of glauberite h. Dissolution of
potassium-bearing magnesium sulfate i. Energy spectrum of halite and potassium-bearing magnesium sulfate j. Microcrystalline gypsum rock
k. Anhydrite in gypsum rock

Gy—Gypsum Ce—Celestine  Gla—Glauberite H—Halite anh—Anhydrite Kmgs—Potassium magnesium sulfate

2

Table 2 Chemical analytical results in Pilali section samples

w B %
Na' K' Mg?* Ca?’ SO;-
201004KS-PLL-G41 0.012 0.022 0.055 22.720 54.490
201004KS-PLL-G43 0.044 0.142 0.866 8.216 0.380
201004KS-PLL-G44 0.016 0.032 0.067 22.490 52.620
201004KS-PLL-G49 0.024 0.058 0.176 21.944 29.300
201004KS-PLL-G50 0.020 0.035 0.112 22.051 51.420
201004KS-PLL-G53 0.037 0.142 0.557 8.728 7.350
201004KS-PLL-G54 0.363 0.100 0.304 20.811 43.840
201004KS-PLL-G55 0.366 0.104 0.155 22.265 51.360
201004KS-PLL-G57 0.012 0.049 0.190 21.321 45.550
201004KS-PLL-G60 0.013 0.111 0.309 20.802 45.050
201004KS-PLL-G66 0.063 0.210 0.886 11.047 2.580
201004KS-PLL-G69 0.027 0.113 0.532 16.255 29.250
201004KS-PLL-G73 0.024 0.059 0.130 21.984 47.360
201004KS-PLL-G74 0.022 0.128 0.278 20.903 45.270
201004KS-PLL-G77 0.036 0:105 0.307 14.742 29.080
201004KS-PLL-G81 0.016 0.025 0.056 23.633 56.850
201004KS-PLL-G88 0.354 0.029 0.106 23.154 55.150
201004KS-PLL-G89 0.076 0.065 0.387 26.223 60.310
201004KS-PLL-G93 0.019 0.144 0.781 12.943 1.920
201004KS-PLL-G94 0.010 0.023 0.060 23.258 55.530
201004KS-PLL-G96 0.018 0.098 0.555 10.824 16.240
201004KS-PLL-G97 0.033 0.037 0.144 24.148 57.290
201004KS-PLL-G98 0.023 0.055 0.224 22.957 53.280
201004KS-PLL-G100 0.194 0.056 0.304 23.304 52.400
201004KS-PLL-G105 0.025 0.133 0.745 22.894 44.340
201004KS-PLL-G106 0.749 0.042 0.098 25.494 61.350
201004KS-PLL-G109 0.015 0.061 0.197 23.239 55.150
201004KS-PLL-G110 0.232 0.186 6.180 15.664 3.680
201004KS-PLL-G111 5.297 0.197 2.791 21.599 10.320
201004KS-PLL-G114 0.048 0.152 0.919 19.489 37.200
201004KS-PLL-G116 0.071 0.028 0.100 24.770 58.060
201004KS-PLL-G118 0.030 0.109 2.077 23.860 43.630
201004KS-PLL-G119 0.016 0.116 0.626 21.805 46.700
201004KS-PLL-G121 0.040 0.081 0.473 21.044 48.340
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Fig. 5 The stratigraphic section and the concentration curve comparison of ions in pilali section

1—Gypsum rock; 2—Mudstone; 37Siltstone; 4—Gypsum—bearing mudstone; 5—Argillaceous siltstone
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Table 3 The Sedimentary rhythm and cycle divided of
the section in southwest depression of Tarim Basin
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Table 4 Sulfur isotope composition of Paleogene evaporites in Tarim Basin
Scpr Yo
83 45(7[)’]‘ %n*
Eia 16 17.9~20.6 2.7 18.9
o E, 15 16.6~20.6 4.0 19.9
E, 10.9 9.1~20.0 10.9 14.6
17.0~22.0
E, 4 12.7-18.5 5.8 16.4
E; 18 10.1~13.3 3.2 11.9
Ny 23 6.1~12.7 6.6 9.5
% Kampschulte et al. 2004 * * 2013
3
References

Bosboom R E Dupont-Nivet G Houben A J P Brinkhuis H Villa G
Mandic O Stoica M Achariasse W J Guo Z and Li C. 2011. Late
Eocene sea retreat from the Tarim Basin  West China and concomi-
tant Asian paleoenvironmental change ] . Palacogeogr Palaecoclima-
tol Palaeoecol 299 385-398.

Bosboom R Dupont-Nivet G Grothe A Brinkhuis H Villa G MandicO
Stoica M Huang W Yang W Guo Z and Krijgsman W. 2014.
LinkingTarim Basin sea retreat West China and Asian aridifica-
tionin the Late Eocene ] . Basin Research 26 621-640.

Burtman V' S. 2000. Cenozoic crustal shortening between the Pamirand
Tien Shan and a reconstruction of the Pamir-Tien Shan transition-
zone for the retaceous and Palacogene ] . Tectonophysics 319  69-
92.

CaoYT LuCL JiaoPC ZhangH WuK Sun HW Lii F L and
SuY. 2016. Evaporites deposits and prospect of potassium enrich-
ment from Upper Cretaceous to Paleogene in Yarkand Basin Xin-
jiang ] . Mineral Deposits 35 2 300-314 in Chinese with Eng-
lish abstract .

Fang AM Ma]Y Wang SG Zhao Y and Hu J M. 2009. Sedimen-
tary tectonic evolution of the southwestern of Tarim Basin and west

Kunlun orogen since Late Paleozoic J . Acta Petrologica Sinica 25



1228

2016

12 3396-3406 in Chinese with English abstract .

Gou X P Ding XZ He X X Li HM Su X and Peng Y. 2002. New
progress in the study of marinetransgressional events and marinestra-
ta of the Meso-Cenozoic in the Traim Basin ] . Acta Geologica Sini-
ca 26 3 300-307 in Chinese with English abstract .

JiaJ H. 2009. Sedimentary characteristics and palacogeography of the
early Cretaceous in Tarim Basin J . Journal of Palaecogeography 11

2 167-176 in Chinese with English abstract .

Kampschulte A and Strauss H. 2004. The sulfur isotopic evolution of
Phanerozoic seawater based on the analysis of structurally substituted
sulfate in carbonates J . Chemical Geology 204 255-286.

Li RW and Xin M A. 1989. Origin of evaporates of Dongpu Basin ] .
Acta Sedimentologica Sinica 7 4  141-147 in Chinese with Eng-
lish abstract

Liu CL Jiao P C and Xu HM. 2012. The final report on potassium de-
posits exploration in the western of Kuga Basin R . 1-228 in Chi-
nese with English abstract .

LuCL Cao YT BoY Han EB Wu K and Gao C.2015. The final re-
port on Sedimentary evolution and controlling factors of Mesozoic
and Cenozoic sedimentary rocks in The Kashgar and its surrounding
areas R . 1-144 in Chinese with English abstract .

LiuS G Xiao A C and Hu W S. 1998. Structural types and analysis of
the southwest depression in Tarim Basin J . Fault-Block Oil & Gas
Field Fault 6 2 1-4 in Chinese with English abstract .

Ma HD and Yang Z J. 2003. Evolution of the Cenozoic in southwestern
Tarim Basin ] . Xinjiang Geological. 211 92-95 in Chinese
with English abstract .

Shao LY HeZP GuJY LuoWL JiaJH LiuYF Zhang L J and
Zhang P F. 2006. Lithofacies palacogeography of the paleogene in
Tarim Basin J . Journal of Palacogeography 8 3  353-364 in
Chinese with English abstract .

Wang D L. 1989. The feature of transgeression and genetic model of the
gypsum of palaeocene in Tarim Basin of XinJiang ] . Xinjiang Geo-
logica 7 4 52-59.

Wang Y and Fu D R. 1996. The sedimentary-tectonic evolution of the
southwest Tarim Basin from Cretaceous to Paleogene ] . Acta Geo-
scientia Sinica 17 1 32-40 in Chinese with English abstract .

Yang Q T. 1989. The origin and sedimentary environment analysis of
glauberite ] . Acta Sedimentologica Sinica 7 3  137-141 in
Chinese with English abstract .

Yong T S and Shan J B. 1986. The development and formation in the

Tarim Basin in Cretaceous-Paleogene ages ] . Acta Sedimentologica

Sinica 4 3 67-75 in Chinese with English abstract .

ZhangD' ] HuJ] M Meng Y F Zheng M L and Fu M L. 2007.
Characteristics of Qimugen thrust nappe structure in the

southwestern Tarim Basin Xinjiang China and its relationship with

hydrocarbon ] . Geological Bulletin of China 26 3  266-274 in
Chinese with English abstract .

ZhangH LiuCL Cao YT Sun HW and Wang L C.2013. A tenta-
tive discussion on the time and the way of marine regression from
Tarim Bay during the Cenozoic ] . Acta Geoscientica Sinica 34

5 577-584 in Chinese with English abstract .

Zhang H Liu CL JiaoP C Cao Y T and Han E B. 2015. Sedimentary
condition and genetic mode of paleocene evaporites in the
southwestern depression of the Tarim Basin ] . Acta Geologica

Sinica 89 11 2008-2035 in Chinese with English abstract .

Zhang . Han EB Zhu L C ZengCM Fan QH WuK Cao Y T
and Jiao P C. 2015. Characteristics of evaporites sedimentary cycles
and its controlling factors of Palepcene Aertashi Formation in the
southwestern Tarim Depression J . Acta Geologica Sinica 89

1. 2161-2170 in Chinese with English abstract .
Zhu'J] Qand Hu W X. 1989. Types and geneses of glauberite in the An-

ning Basin  Yunnan Province J . Journal of Hebei College of Geolo-

gy 12 1 34-42 in Chinese with English abstract .
.2016.
— ]
352 300-314.
. 2009. -
] 25 12 3396-3406.
.2002.
J . 26 3 300-
307.
. 2009. J.
11 2 167-176.
.1989. J . 7 4
141-147
. 2012.
R . 1-228.
.2015.
R . 1-144.
. 1998.



35 6

] 62 14.

.2003.
21 1 92-95.

2006.
353-364.
. 1989.
74 52-59.
.1996.

] 17 1 32-40.

. 1989.
137-141.
. 1986.

1229
.2007.
J.
.2013.
34 5 577-584.
.2015.

89 11 2028-2035.
.2015.

2161-2170.





