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Yan’an formation in Jungar, Inner Mongolia Autonomous Region was analysed in order to provide a basis for
further research on the origins and epigenetic evolution of the Pisha sandstone, and the prevention and
control of soil erosion. [ Methods ] We conducted field investigation and geochemical analyses, including
major, trace, and rare earth element analyses, and calculated the chemical alteration index (CIA),
plagioclase alteration index (PIA), light-to-heavy rare earth element ratio (LREE/HREE), and related trace
and rare earth element relationships in the Pisha sandstone. [ Results] @ The geochemical classification
diagram showed that the Pisha sandstone in Jungar comprised shale, subarkose, and lithic sandstone facies.
The Pisha sandstone was mainly composed of SiO, and Al,O;. The content of most of the major elements
was lower than that in the average upper crust (UCC). The CIA value ranged from 64.95 to 86.57, with an
average of 77.46. This was consistent with the characteristics of the Pisha sandstone from the Middle Triassic
Ermaying Formation near the study area, reflecting a common history of rock weathering. @ The siltstone
and mudstone facies had a higher trace element content than the sandstone facies, with Ba being the most
abundant element, followed by Zr. The paleotemperature of the deposition of the Pisha sandstone was
10.67—22.78 *C, with an average value of 17.68 ‘C; the PIA value was 70.48—97.13, with an average of
89.76. @ The rare earth element distribution pattern in the Pisha sandstone was consistent with that in the
UCC, showing the characteristics of light rare earth enrichment, heavy rare earth depletion, and weak
negative Eu anomalies. The total rare earth (2 REE), light-to-heavy rare earth ratio (LREE/HREE) and
(La/Yb)y values of the siltstone and mudstone facies were higher than those of the sandstone facies. This
difference was mainly due to the attraction of most of the trace elements released by rock weathering during
epigenetic processes by clay minerals, or due to hydraulic sorting. [ Conclusion] The Pisha sandstone from
the Lower Jurassic Yan’an Formation in Jungar, Inner Mongolia, consists of terrestrial clastic sedimentary
rocks with a low compositional maturity and sorting, sourced from an area that had experienced moderate to
strong chemical weathering. The Pisha sandstone formed under arid to semi-humid conditions. The rare earth
element distribution pattern combined with the discrimination diagram of major and trace elements indicates
that the Pisha sandstone from the Yan’an Formation originated from Hercynian-Indosinian granites in the
Yinshan-Dagingshan area, in the Northern Ordos Basin.
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Banner

i VA4 TS AR S ) M R AR SR R AR L TR X ) T
WAL 2 AL AR bl S TR B e 25 A AR
EE R, s FEICEZ MR 100%, H L& L &R
e 1 2% 37 1) PR ] slORH E R 2, T R ok B i A KUK T
S R TR S ENEIEE T KT ERITR,
HALZEPE AR E - AN 5 32 KAR It AR 1) 5 e, PR B
TR BB 5 v R 1 SAH B G 2R B A% S B 480 b 1) 9
VEARRIE B K 3 IR BE . PR L B 2 R A A R A )
TR B AR AE T 58 S ot BRI o e ity
P A AR T T U I R D A ol
RE_BZREPTER =SSR KFRZLAEZNERS
WRD A D DD 5 R 5 2 B ) — 22 i VR R i 0
BUE A3 KA S T A R R B A5 4 A
FEEAY N SiO,, Al O, ,Fe, O, fl CaO™', BT
R RRFURAAR Bl W 5 B AR K R, 2 TR
Yevb i JE R R X, >0 b AR R H e 75 75 Atk 7 K
FRZ R aab A L m T IR A BB (), AL RD
T ARk 27 BN R 0 & R Tz v, A P Al

WA RS P ™ b ) S R RE AR ik B 23 A
JK R A BEAE 7 T T A D A R Ak 2 2
HH OB AR R Ly 105 558 O 5 20 i AT 4l L X e — 2
PR JE L 249 7 XF A e 55 Bt A Tl P Al PR B8 R ABIE S
P R i M DX T2 o A T AR B G 2 2 )R L PSR R
B S22 20 5 O BT L A 2 A A A R A T AR T
T 27 20 1 57 AL R i, OF 7R H TR % B WAk se™ . &
1oL 5 ZU R e S AR R S T R I D R A
TG S e 5y 18 A2 AR s K B 3R S X 5 AR 2 A U
6 R BF AR A 9 45 3R — B 1 SR H i E 2
AW 5T T 2R T A i S BT Ty T L AR DA B
FEORUEH T H K U BUIR R b A e, BT
I 7S SO P 5 7l TS ZRK 3 X AR 2 G A 2 4 =
WETE R G I R 2B J0 R L WU I8 R A - T R
FE IR ARV RERD & (9 AL R JEE A4 DEURRAIE S DAY o
DR B A XA | S S R IR A B — 2P Y
R TR IO AL RS & B TR AR IE S AR ih By 3 3 43t
BEAH BSR4



198 7K R E

o

E1 #EERETHTFGEZTAMBEKTIREAR

Fig.1 Current situation of soil erosion of Pisha sandstone from Lower Jurassic Yan’an Formation in Jungar Banner
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Table 1 Major element concentrations of Pisha sandstone from Yan’an Formation %
o 3 Wi e
FHILE
Ya, Ya, Ya, Ya, Yas Yas Ya, Yag Ya,
SiO, 89.01 80.74 71.39 67.78 67.91 62.30 41.60 61.80 65.18
TiO, 0.15 0.37 0.07 0.76 0.73 0.85 0.46 0.79 0.77
Al Oy 5.30 8.85 5.35 16.03 16.02 17.99 9.88 18.37 18.39
TFe, O; 1.04 1.91 0.42 4.98 4.66 6.78 5.93 7.15 3.65
MnO 0.31 0.02 0.16 0.19 0.04 0.02 0.28 0.06 0.03
MgO 0.06 0.78 0.19 1.18 1.24 0.94 1.15 1.64 1.20
CaO 0.52 1.02 10.93 0.42 0.37 0.38 19.21 0.45 0.39
Na, O 0.14 0.10 0.09 0.73 0.64 0.71 1.02 0.31 0.14
K, O 2.23 1.62 1.48 2.51 2.33 2.36 1.74 2.19 2.20
P, Os 0.02 0.06 0.04 0.13 0.13 0.21 0.12 0.14 0.06
LOI 1.17 4.56 9.82 5.25 5.95 7.48 18.59 7.17 7.75
&il 99.94 100.03 99.95 99.96 100.02 100.03 99.99 100.06 99.75
CIA 64.95 80.96 73.73 78.65 80.31 82.09 65.39 84.53 86.57
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Table 2 Trace element concentrations of Yan’an Formation Pisha sandstone 1076
e 2 s Ny et

Ya, Ya, Ya, Ya, Yas Yag Ya, Yas Ya,
Sc 2.23 6.17 1.97 11.90 12.40 12.40 8.52 16.30 12.00
A\ 36.80 21.00 13.30 83.50 87.70 110.00 65.40 119.00 124.00
Cr 14.70 23.80 12.10 79.20 85.00 94.60 102.00 109.00 84.50
Co 3.01 2.85 1.00 26.80 12.50 14.50 12.50 22.10 17.40
Ni 81.50 7.35 3.84 38.60 22.30 49.40 24.40 44.40 20.30
Cu 19.90 2.01 3.18 16.60 19.80 32.60 14.30 30.20 16.30
Zn 48.10 12.30 10.20 95.80 82.90 126.00 58.50 114.00 76.20
Ga 4.87 9.80 4.84 18.60 18.50 20.90 13.00 24.10 22.70
Rb 92.50 58.60 51.90 105.00 97.60 95.10 71.00 103.00 95.10
Sr 90.80 97.80 91.70 98.20 78.60 94.60 165.00 72.90 68.70
Y 7.87 10.20 10.50 23.00 16.70 23.50 27.50 24.80 16.10
Cs 1.51 0.91 0.72 5.35 5.20 9.23 3.98 8.54 10.80
Ba 871.00 579.00 503.00 686.00 611.00 750.00 680.00 527.00 568.00
Pb 29.60 11.90 10.20 59.80 16.50 19.10 14.10 20.60 21.50
Th 6.74 6.78 2.13 9.87 8.55 8.00 5.50 10.70 11.00
U 1.97 1.18 0.61 1.89 1.93 3.55 1.51 2.15 3.30
Nb 2.89 5.62 1.36 12.80 12.90 14.50 8.56 13.90 13.40
Zr 150.00 163.00 78.20 255.00 218.00 230.00 152.00 182.00 118.00
Hf 3.80 4.19 2.04 6.14 5.36 5.52 3.57 4.67 3.27
Zr/Sc 67.26 26.42 39.70 21.43 17.58 18.55 17.84 11.17 9.83
Th/Sc 3.02 1.10 1.08 0.83 0.69 0.65 0.65 0.66 0.92
La/Th 2.09 2.54 4.32 4.21 3.96 7.04 6.38 3.46 3.19
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Table 3 Rare earth element concentrations of Yan’an Formation Pisha sandstone 10
Fi bz (¥ WA s

Ya, Ya, Ya, Ya, Yas Yas Ya; Yag Ya,
La 14.10 17.20 9.21 41.60 33.90 56.30 35.10 37.00 35.10
Ce 31.30 35.00 15.70 85.90 58.80 115.00 51.10 73.50 67.10
Pr 3.36 4.38 2.10 9.64 8.01 12.80 7.26 8.86 7.91
Nd 12.50 16.90 8.03 35.70 29.40 46.80 27.20 33.00 28.70
Sm 2.46 3.20 1.60 6.46 5.30 8.01 4.74 6.24 4.98
Eu 0.52 0.69 0.45 1.33 1.06 1.69 1.03 1.29 0.98
Gd 2.05 2.51 1.62 5.25 4.00 6.11 4.20 5.24 3.87
Tb 0.31 0.36 0.26 0.76 0.60 0.89 0.62 0.80 0.56
Dy 1.62 1.96 1.59 4.19 3.26 4.73 3.63 4.47 3.09
Ho 0.30 0.38 0.32 0.81 0.62 0.89 0.76 0.88 0.60
Er 0.83 1.08 0.92 2.25 1.71 2.38 2.19 2.49 1.67
Tm 0.13 0.18 0.14 0.35 0.26 0.36 0.33 0.39 0.26
Yb 0.83 1.17 0.84 2.18 1.64 2.23 2.03 2.47 1.67
Lu 0.14 0.19 0.13 0.34 0.25 0.33 0.31 0.38 0.26
O0Eu 0.70 0.75 0.86 0.70 0.70 0.74 0.71 0.69 0.68
(La/Yb)x 11.44 9.93 7.37 12.90 13.97 17.06 11.68 10.12 14.20
(Gd/Yb)y 1.99 1.74 1.56 1.95 1.98 2.22 1.68 1.72 1.88
La/Yb 16.93 14.70 10.91 19.08 20.67 25.25 17.29 14.98 21.02
2 REE 70.44 85.20 42.92 196.76 148.81 258.52 140.51 177.00 156.75
LREE 64.24 77.37 37.09 180.63 136.47 240.60 126.43 159.89 144.77
HREE 6.21 7.82 5.83 16.13 12.34 17.92 14.08 17.11 11.97

LREE/HREE 10.35 9.89 6.37 11.20 11.06 13.43 8.98 9.34 12.09
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