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Fig. 1 Tectonic location and division of the Liupanshan

Basin, North China plate
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Fig. 2 Photos of the Madongshan Formation mud—shale and samples location in the Liupanshan Basin, North China Plate
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Fig. 3 Changes of elements in samples from the Madongshan Fm. of well Gucan-1 in the Liupanshan Basin, North China Plate
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Table 1 Analytical results of major elements of samples from Madongshan Fm. of well Gucan-1 in the Liupanshan Basin,
North China Plate

REE Si0, | Na,0 | Mg0 | ALO; | P,Os | K,0 | a0 | TiO, | MnO |Fe,0,7 | sk 0 | _ALO,
ALO, | Ca0+K,0
GC-25 | 4202 | 297 | 534 | 1294 | 015 | 226 | 965 | 041 | 0.07 59 | 18.00 | 0.17 1.09
GC-24 | 49.41 | 333 | 403 | 1467 | 012 | 2.8 | 674 | 055 | 006 | 555 | 12.58 | 0.19 1.09
GC-22 | 4778 | 3.53 | 456 | 1477 | 011 | 281 | 735 | 055 | 0.06 | 476 | 13.55 | 0.19 1.53
GC-20 | 4852 | 3.26 | 3.61 | 13.80 | 0.14 | 278 | 934 | 054 | 005 | 434 | 1348 | 0.20 1.45
GC-19 | 3265 | 1.87 | 880 | 10.01 | 0.11 | 224 | 1554 | 037 | 0.09 | 506 | 23.32 | 0.22 1.14
GC-17 | 3748 | 1.82 | 462 | 1130 | 0.16 | 270 | 1643 | 043 | 0.10 | 438 | 2044 | 0.24 0.56
GC-15 | 4466 | 291 | 58 | 1295 | 0.11 | 230 | 1010 | 047 | 0.06 | 454 | 1611 | 0.18 0.59
GC-12 | 4481 | 237 | 538 | 1421 | 0.15 | 350 | 874 | 051 | 005 | 497 | 1517 | 0.25 1.04
GC-11 | 3923 | 1.74 | 598 | 12.00 | 0.14 | 3.14 | 1324 | 046 | 008 | 495 | 18.95 | 0.26 1.16
GC-9 43.90 | 273 | 326 | 1320 | 0.10 | 276 | 13.49 | 049 | 0.07 | 472 | 1516 | 0.21 0.73
NASC 58.1 1.3 244 | 154 | 017 | 324 | 311 | 075 | 0.119 / / / /
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Fig. 4 Primitive upper crust-normalized spider diagrams of

the Madongshan Fm. mud—shale in the Liupanshan Basin,
North China Plate
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Fig. 5 Vertical variation of paleo-sedimentary environmental of the Madongshan Fm. of well Gucan-1 in the Liupanshan Basin,

North China Plate
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3.3 HEHEREEHE

ZEH6 545 (2015) R H V/Cr V/(V+Ni) |
Th/U X ity S AL I S5 AR R4 T RAE, 25 2548 4m L
F3, GRINHPR A V/Cr HAT 7.32 ~
9.04,34{H 8. 07, /R MIRAIREE; V/(V+Ni)
{HALTF 0.92~0.95, ¥J{H 0. 94, /R KA AT ;
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F—IREAWEE, GAKE, SR ILLINR AT
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Table 2 Trace element index for paleosalinity recognition
in samples( Li Hao et al., 2017&)

e bR Rk 2K K OARINASH
Sr/Ba <0.6 0.6~1.0 | >1.0 0.69~1.57/1.13
Th/U >7 2~7 <2 0.78~4.04/2.44

SteERE(107%) | <300 | 300~500 | >500 | 220.68~687.98/444.46

R 3 ENEFERENTRARNSH(FHFE,2015)
Table 3 Element discrimination parameters in redox
condition (Li Yanfang et al., 2015& )

= s = df‘.:i
;}szg BE;MH&% AREE | SRS
2 VAN
V/Cr >4.25 2.0~4.25 <2.0 7.32~9.04/8.07
V/(V+Ni) >0.54 | 0.46~0.54 <0.46 0.92~0.95/0.94
Th/U >1.25 | 0.75~1.25 <0.75 0.78~3.89/2.44
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Paleo-sedimentary environmental study of mud—shale member of Madongshan
Formation of well Gucan-1 in Liupanshan Basin, North China Plate

MA Fenghua, PAN Jinli, MA Ruiyun, WU Wenzhong, ZHANG Yong, MA Xiaojuan
Geological Survey Insitute of Ningxia Hui Autonomous Region, Yichuan, Ningxia, 750021

Objectives: Paleo-sedimentary environmental study of mud—shale member of Cretaceous Madongshan
Formation( Fm. ) in the Liupanshan Basin includes the paleo-climate, paleo-salinity, paleo-redox conditions and
paleo-bathymetric through 10 samples collected from well Gucan-1 in the basin.

Methods: Based on geochemical element analysis and a series of identification indexes of paleo-climate,
paleo-salinity, paleo-redox conditions and paleo-bathymetric,such as CaO/( MgO - Al,O0;), Sr/Cu, Rb/Sr, Sr /
Ba, Sr abundance, Th/U, V/Cr, V/(V+Ni), Fe/Mn and (Al+Fe)/(Ca+Mg) to restored its Paleo-sedimentary
environmental.

Results: Comprehensive analysis shown that the sedimentary period of mud—shale member in the Madongshan
Fm. , the paleo-climate was warm temperate higher than 15 °C ,the water body was brackish—salt water of semi-
deep to shallow lake, and the sediments were deposited under strong reduction conditions. The paleo-climate,
paleo-salinity, paleo-redox conditions and paleo-bathymetric had 3 relative changes cycles in vertical direction, and
the paleo-climate had a positive correlation with paleo-redox conditions and paleo-bathymetric while had a negative
correlation with paleo-salinity.

Conclusions ; Paleo-environmets factors of relative changes of 3 cycles such as appropriate paleo-depth, strong
reduction conditions, stable and scarce supply debris jointly control the heterogeneous of unconventional shale and
gas reservoir facies of the Madongshan Fm.

Keywords: paleo-climate; paleo-salinity; paleo-redox conditions; paleo-sedimentary environment;
Madongshan Formation; Liupanshan Basin
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