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Geochemical characteristics of Xujiahe Formation mudstones in the Qilixia
section of northeast Sichuan area and their geological significance
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Abstract: Paleo-sedimentary environment could be recovered qualitatively or semi-quantitatively by using elements
or element ratios sensitive to sedimentary environment of mudstone. In this study, major, trace and rare earth ele-
ments compositions, XRD and SEM of 12 rock samples from Xujiahe Formation were analyzed to investigate the pa-
leoclimate, paleo-sedimentation and paleo-provenance in the Qilixia section, northeast Sichuan area. The results
show that the content of clay minerals in the fine-grain samples of the Xujiahe Formation in the Qilixia section is
dominated by illite-montmorillonite mixed-layer mineral (62% ~88%), followed by chlorite (3% ~19%), illite
(3% ~11%), and kaolinite (1% ~9% ), with FeO/MnO ratios being 28. 08 ~ 104. 23, reflecting the warm and
humid climatic conditions of the Late Triassic in the Qilixia area, in which the climate of the 3" and 5" members of

the sedimentary period were relatively warm and humid, and the climate of the 1, 2" and 4™ members of the
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sedimentary period were slightly arid and hot; lower Li, Sr, Ni and Ga abundances and Sr/Ba ratios (0. 08 ~

0.24) of the Xujiahe Formation suggest that the paleo-salinity of sedimentary water was low; V/(V + Ni) ratios

(0.69 ~0.85) and Ce,,,,, (0.26 ~0.30) indicate that there existed a reducing environment in Xujiahe sedimentary

period, with the reductivity of water gradually weakened from the 1% to the 5" member of the Xujiahe Formation.

The REE distribution patterns of samples in the study area are similar to those in South Qinling Mountain, Longmen

Mountain and Micang-Daba Mountain areas, indicating that the early provenance in this area was derived mainly

from the mixture of diorite, granite and basalt in the South Qinling Mountain, with some from the granite of Long-

men Mountain, whereas the late provenance was mainly derived from the granite of Micang-Daba Mountain.
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Fig. 1

Rongcai et al. , 2009; Sun Chunyan et al.

Paleogeographic pattern and evolution of Sichuan basin during the Middle-Late Triassic period ( modified after Zheng
» 2018 and Dai Chaocheng et al. , 2018)
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a—palcogeographic paitern of Leikoupo Formation in Middle Triassic period; b—paleogeographic pattern of 2™ Member of Xujiahe Formation

in Late Triassic period
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Fig.2  The sampling position and lithologic histogram of Qilixia section Chistogram after Tan Cong et al. , 2017)
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Fig.3

Microscopic observation of rock samples from the Xujiahe Formation in Qilixia section ( plainlight)
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a—mudstone containing a small amount of plant fragments (yellow arrow ), terrigenous fragments and carbonate, 1® Member of Xujiahe Formation;

b—mudstone, high organic content, 3™ Member of Xujiahe Formation; c¢—silty mudstone, significant lamina phenomenon Cyellow arrow), 1* Mem-

ber of Xujiahe Formation; d—silty mudstone, 3™ Member of Xujiahe Formation; e—siltstone, the main components comprising quartz, feldspar, mi-

ca, quartz (yellow arrow) , selecting poor, content high, particle size ranging 0.02 ~0.06 mm, 3™ Member of Xujiahe Formation; f—muddy sili-

stone, the main ingredient being silt with a small amount of clay minerals and cement, 5™ Member of Xujiahe Formation
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Table 1 Relative content of clay minerals in samples

of Xujiahe Formation of Qilixia section
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Fig.4 The scanning electronic microphotographs of typical clay minerals for the Xujiahe Formation in Qilixia section
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a—booklet kaolinite; b—irregular flaky kaolinite; c¢—illite-montmorillonite mixed-layer mineral whose surface is silky; d—flaky illite;

e—characteristic curved scaly illite; f—leave-like chlorite
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Table 2 Analyses of major elements in samples of the Xujiahe Formation of the Qilixia section

FE L5 Q1-2 Q1-7 Q1-10  Q1-18  Q28-1  Q3-10  Q3-12 Q4-1 042 Q5-3 Q5-6 Q5-8

Si0, 60.63 54.86 54.02 51.99 53.45 64.83 62.39 58.55 60.22 59.99 61.38 63.62
Al, 04 17.92 19.78 19.55 14.83 16.23 15.57 17.30 15.29 14.88 16.51 15.58 15.82
Fe, 05" 5.91 6.46 6.92 5.64 5.08 5.62 5.61 6.20 6.46 7.78 7.43 6.63

FeO 4.71 5.52 5.21 4.72 3.66 3.00 2.31 3.72 2.78 6.42 5.42 5.42

MgO 2.34 2.78 2.63 3.75 3.12 1.77 1.57 3.06 2.90 2.51 2.68 2.19

Ca0 0.36 0.34 0.44 6.19 5.51 0.40 0.48 2.42 2.07 1.03 1.06 0.63
Na, O 0.21 0.13 0.13 0.21 0.18 0.78 0.60 0.54 0.61 0.52 1.00 1.16

K,0 5.27 5.81 5.57 4.30 4.30 3.46 3.83 3.50 3.33 3.53 3.11 3.06

MnO 0.08 0.11 0.15 0.10 0.12 0.03 0.03 0.08 0.10 0.07 0.08 0.05
TiO, 0.82 0.81 0.83 0.73 0.79 0.69 0.74 0.84 0.78 0.80 0.82 0.84
P, 05 0.17 0.13 0.16 0.17 0.23 0.10 0.07 0.16 0.16 0.58 0.18 0.16

LOI 6.20 8.75 9.54 12.04 10.97 6.74 7.31 9.29 8.44 6.64 6.64 5.82

FeO/MnO 60.38

W
—_

11 34.50 45.38 30.50 100. 00 72.19 44.29 28.08 98.77 66.91 104.23
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Table 3 Analyses of trace elements in samples of Xujiahe Formation in the Qilixia section

5 Q12 Q17 Q1-10 QI-18 Q2-8-1 Q3-10 Q3-12  Q4-1 Q42 Q53 Q56 Q58 -“Fiyfl LHise WERHK

Li 87.80 112.00 121.00 57.60 65.90 59.50 74.90 54.20 54.20 40.60 34.70 34.30 66.39 20.00 3.32
Be 2.96 3.66 3.64 2.38 5.72 3.14 3.98 3.92 3.37 2.58 2.30 2.48  3.34 3.00 1.11

Se 18.80 20.70 20.50 15.50 18.70 12.80 13.40 15.80 14.70 18.40 17.30 17.30 16.99 11.00 1.54
v 192.00 156.00 157.00 93.90 179.00 86.30 84.90 101.00 94.20 100.00 93.20 93.30 119.23 60.00 1.99
Cr 97.50 89.20 91.00 71.40 101.00 68.60 69.90 79.70 71.20 67.60 63.10 66.30 78.04 35.00 2.23
Co 17.50 17.00 21.80 15.20 12.40 15.30 15.40 16.00 15.00 19.10 15.70 15.30 16.31 10.00 1.63
Ni 34.50 37.80 42.50 34.60 33.00 34.90 37.80 35.20 33.70 35.90 32.40 31.80 35.34 20.00 1.77
Cu 40.50 51.60 49.10 37.70 40.10 25.40 20.20 37.20 33.40 47.10 44.60 39.40 38.86 25.00 1.55
Zn 78.40 111.00 147.00 98.10 72.00 113.00 75.40 102.00 101.00 163.00 101.00 92.20 104.51 71.00 1.47
Ga 25.80 26.00 26.70 20.90 28.00 20.20 24.40 21.90 20.00 24.90 21.40 21.30 23.46 17.00 1.38
Rb 191.00 215.00 215.00 146.00 184.00 133.00 133.00 137.00 132.00 128.00 104.00 103.00 151.75 112.00 1.35
Sr 82.90 64.30 63.60 107.00 71.90 62.20 63.30 74.30 71.30 54.00 49.50 54.60 68.24 350.00 0.19
Mo 0.82 1.51 1.33  0.66 0.63 0.44 0.61 0.62 0.58 0.55 0.38 0.81 0.74 1.50 0.50
Cd 0.09 0.27 0.34 0.20 0.08 0.20 0.08 0.29 0.24 0.53 0.23 0.17 0.23  98.00 0.00
In 0.09 0.10 0.10 0.08 0.07 0.07 0.06 0.07 0.07 0.09 0.08 0.08 0.08 50.00 0.00
Cs 14.10 18.60 18.90 9.95 15.10 11.20 11.20 9.95 8.52 8.35 5.33 5.22 11.37 3.70 3.07
Ba 488.00 361.00 359.00 440.00 564.00 441.00 525.00 980.00 883.00 524.00 509.00 503.00 548.08 550.00 1.00
W 2.33  2.33  2.46 1.96 2.28 1.62 1.69 2.23 1.80 1.41 1.33 1.32 1.90  2.00 0.95
Tl 0.90 0.91 0.93 0.70 0.77 0.64 0.69 0.74 0.69 0.71 0.54 0.53  0.73 0.75 0.97
Pb 30.20 13.40 20.40 23.30 17.20 17.60 10.60 24.90 22.80 19.40 16.60 15.70 19.34 20.00 0.97
Bi 0.51 0.64 0.67 0.45 0.46 0.30 0.33 0.36 0.32 0.36 0.28 0.27 0.41 0.13 3.25
Th 18.80 16.40 17.70 15.00 17.10 9.92 10.00 14.60 13.20 9.58  9.49 9.73 13.46 10.70 1.26
U 4.45 6.15 8.8 2.96 3.18 2.58 2.71 2.85  2.51 2.83 2.24 2.38  3.64 2.80 1.30
Nb 19.40 16.50 18.10 17.30 19.60 13.20 14.20 18.90 17.10 18.70 14.50 14.70 16.85 12.00 1.40
Ta 1.47  1.25 1.39 1.34  1.43 1.02  1.09 1.30  1.27 1.02 1.05 1.08 1.23  0.96 1.28

Zr 147.00 127.00 138.00 125.00 154.00 147.00 155.00 138.00 135.00 182.00 164.00 169.00 148.42 190.00 0.78

Hf 4.94 4.07 4.33 3.96 4.73 4.75 4.68 4.44 4.09 4.91 5.48 5.46  4.65 5.80 0.80
Sr/Ba 0.17 0.18 0.18 0.24 0.13 0.14 0.12 0.08 0.08 0.10 0.10 0.11 0.14 -
VAV +Ni) 0.85 0.80 0.79 0.73 0.84 0.71 0.69 0.74 0.74 0.74 0.74 0.75 0.76 - -
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(UCC values from Taylor and Mclenman, 1985)

F4 tEEFEIEMTHERERLITESNERR 0,/107°
Table 4 Results of rare earth elements in samples of the Xujiahe Formation of the Qilixia section
FE o> Q1-2 Q1-7 Q1-10 QI-18  Q2-8-1 03-10 Q3-12 Q4-1 Q42 Q5-3 Q5-6 Q5-8
La 47.80 40.30 41.90 40.50 55.60 33.70 48.80 47.50 46.00 47.80 36.60 39.40
Ce 88.20 75.00 78.10 77.00 98. 60 62.10 79.40 85.10 84.20 90.10 70.60 77.00
Pr 10.90 8.83 9.62 9.32 11.40 7.42 9.29 10.50 10.40 11.30 8.78 9.43
Nd 40. 10 33.00 37.20 34.40 40.50 28.00 34.70 39.00 39.80 46.60 35.50 37.10
Sm 7.56 6.35 6.95 6.38 7.27 5.51 5.73 7.30 7.21 9.49 6.96 7.17
Eu 1.42 1.30 1.38 1.28 1.40 1.24 1.26 1.53 1.49 1.97 1.60 1.48
Gd 6.23 5.47 5.89 5.49 5.87 4.66 4.94 6.34 6.09 8.99 6.12 5.91
Th 1.07 0.98 1.04 0.96 1.00 0.83 0.82 1.08 1.06 1.79 1.18 1.03
Dy 5.52 5.22 5.72 4.93 5.50 4.23 4.29 5.47 5.42 9.01 6.31 5.43
Ho 1.13 1.06 1.13 1.03 1.08 0.90 0.95 1.10 1.08 1.91 1.39 1.11
Er 3.22 2.91 3.19 2.92 3.19 2.45 2.81 2.96 2.95 4.85 3.81 3.20
Tm 0.58 0.53 0.55 0.49 0.56 0.46 0.54 0.53 0.51 0.83 0.69 0.61
Yb 3.61 3.15 3.61 3.23 3.53 2.80 3.48 3.34 3.29 4.96 4.13 3.95
Lu 0.50 0.46 0.50 0.44 0.52 0.40 0.51 0.45 0.44 0.73 0.60 0.55
Y 28.70 27.90 30.00 27.90 29.20 24.50 26.20 29.50 29.60 51.40 36.90 28.40
> REE 246.54 212.46 226.77 216.27 265.21 179.21 223.71 241.70 239.54 291.73 221.17 221.77
LREE 195.98 164.78 175.15 168. 88 214.77 137.97 179.18 190. 93 189.10 207.26 160. 04 171.58
HREE 50.56 47.68 51.62 47.39 50.44 41.24 44.53 50.77 50.44 84.47 61.13 50.19
LREE /HREE 3.88 3.46 3.39 3.56 4.26 3.35 4.02 3.76 3.75 2.45 2.62 3.42
3Ce 3.01 3.05 3.03 3.09 2.94 3.02 2.73 2.93 2.99 3.05 3.11 3.15
SEu 0.21 0.22 0.21 0.22 0.21 0.24 0.24 0.22 0.22 0.21 0.24 0.23
La/Yb 13.24 12.79 11.61 12.54 15.75 12.04 14.02 14.22 13.98 9.64 8.86 9.97
Cenom 0.29 0.30 0.29 0.30 0.29 0.29 0.26 0.28 0.28 0.28 0.29 0.30
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10 ~°, LREE/HREE Jj 2. 45 ~4.26,F14 3. 49, %]
FEat A2 M LU R AN EM LR E S, Eu &7
SEH L, 8Eu /1 0.21 ~0.24 2 JA]; Ce 2 I1FE 7%, 8Ce
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4.1.1 HihpEE

AR AR MR A OB IR B R A (kv B A T
I H ET I 9 A oG 3R L O
PR SR LA R HE T Eh R (R PE 45, 2017) BRI Rl 55
(2018 )3t ik 5 F UK A Lt B T 2K
UL R, L RARA T 4. 8%0 ~ 19. T%o 2 11, T
12. 8%o0, A T 15 8 g K 3 B . A SC Bl i Lis
Sr.Ni.Ga W) JCE & &= M St/Ba {H K 50 #fr K ARy 35 B
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fEH KF90 x10°°, S5 ®JIT A EH AR/ 17500 x 10°°,
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Table 5 Determination of major and trace element content in

paleo-sediments of Xujiahe Formation of the Qilixia section

Fisles  BMEGE FE FlehrHE prig 2% S
, ) >150 Hh KR
Li 34.30~121.00 66.39 <0 AT
800~1000  HhskERKg
Sr 49.50~107.00 6824 7 AT
) >40 KBRS
Ni 31.80~42.50 3534 2025 e T
~ P (2016)
Ga 20.00~26.70 23.46 o1 i
<0.5 ik AR K
Sr/Ba 0.08~024  0.14 0.5~1 Rkt pk
>] K
0.84~0.54  BHEsE Hatch and
V/(V+Ni) 0.69~085 076  0.6~046  THELEREE Leventhal
<0.46 AL ERE (1992)
>-0.1 BRI i 5
Comonm 026030029 o1 qpmm QoI
i {E i ¥ % IR
FeO/MnO 28.08~104.23 61.36 iy R (20105
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W20 5K ] 2 & iR KUK DR R B
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FEIK I, Ba B BaSO, FITE X 1 5B D03, 1M ¥ 757K
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St/Ba i 5 7 k& 2 01 1E A 9% O 2R A4 4%,
1999) . HFFT X 20 Sy 41— Bt & T Bt Sr/Ba B (
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A3 TR PR, ) B A5 (2014 38 3o 6 DU 1 7 1 2R
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0.76, ¥R T 0. 60, F 1% X Yo 45 PUAR I 7K A4 A 38 Jit
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B, IR AT LAFR 73 J P 2 T 0k 55
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Fig. 6 Diagram of element ratio and related parameters of the Xujiahe Formation in Qilixia section
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Fig.7 The REE distribution patterns of mudstone of Xujiahe Formation in Qilixia section and surrounding rock mass
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