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Abstract: In order to find out the characteristics, provenance and geological significance of rare earth elements (REEs) in Permian
shale in Lower Yangtze area, 16 samples collected from Dalong Formation, Longtan Formation and Gufeng Formation were
selected for the trace and REE analyses. The results show that the REE distribution in research area is similar with upper crust,
which is characterized by obvious “right-leaning” distribution pattern, with enrichment in LREE and depletion in HREE. In
addition, Eu shows negative anomaly in a distinct “V” shape and Ce generally shows a slight negative anomaly based on REE

curve. The characteristics of Ce,n(—0.07) and Ce(0.90) indicate that the mudstone is deposited in an anoxic environment which is
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conductive to the formation of excellent source rock. The value of (I.a/Yb)y reflects the vertical sedimentation rate in the study area

as follows: Longtan Formation << Gufeng Formation << Dalong Formation. In the diagrams of La/Th—Hf and La/Yb— > REE, it

can be found that the parent rock is feldspathic-quartz, mainly intermediate to granite. By the comparison of REE characteristic

parameters from graywackes in different settings, combined with La—Th—Sc, Th—Sc—Z7r/10, Th—Co—Zr/10 triangle

diagram, a conclusion can be drawn that the tectonic setting of the study area is determined to be a passive continental margin.

Key words: Lower Yangtze area; Permian; rare earth element; provenance; tectonic setting; redox condition; geochemistry.
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Table 1 Rare earth element contents in Changqiao Section (pg/g)
)= FE A La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er I'm Yb Lu
P,d-01 Mg 433 734 101 381 7.29 1.32 6.26 097 511 0.96 2.63 0.39 2.39 0.37
P,d-03 MR 342 453 6.94 257 454 082 390 0.65 3.65 0.73 213 0.33 2.03 0.32
P,d-07 ey 745 134 156 544 882 1.38 6.41 0.97 548 1.12 342 0.55 3.57 0.59
X @ P,d-09  MEIRE  69.3 128 151 53.0 826 142 6.35 089 572 101 3.15 049 3.36 0.52
P.d-10  MEJR%E 805 135 161 602 11.6 1.82 864 120 6.61 1.36 4.08 0.62 4.04 0.64
Pod-11 ey 72.8 139 18.0 68.1 124 147 7.51 1.07 6.16 1.40 3.84 061 3.92 057
P.d-12  MEJRAE 521 93.8 109 37.8 6.13 098 450 070 4.28 0.89 270 0.43 2.80 0.43
P,d-13  HBaRH 659 124 153 56.8 998 1.36 590 082 4.74 1.00 3.08 049 3.18 0.49
P05  MEATHE 720 135 17.0 644  13.0 238 13.1 201 11.3 218 6.31 092 581 0.97
OB o4 P06 M@ 509 911 107 371 6.30 1.20 5.07 0.84 503 1.05 3.14 049 321 051
P07  BETH 276 547 7.65 350 835 1.50 531 078 421 085 247 039 243  0.39
Pg-04 KEBMPRH 565 106 12.6 46.1 859 1.66 7.38 1.11 591 1.17 3.38 0.52 3.32 0.55
Pig-06 KEBE@PEH 582 110 13.1 486 9.19 178 7.78 1.17 6.45 1.27 3.69 0.57 3.63 0.59
IR0 2 Pig-08 JKE@PAE 59.0 111 132 489 924 181 790 1.21 6.66 1.31 3.79 0.57 3.70 0.61
Pig-10 KEB@TEA  57.8 109 129 474 920 1.84 839 1.24 6.73 1.27 3.64 0.55 350 0.57
Pg-11 JKE@TE 588 110 132 49.0 9.03 1.69 743 1.12 6.20 1.24 3.61 0.56 3.58 0.59

x2 BEWIEMEBLIENRER (ng/g)

Table 2 Trace element contents in Changqiao Section (pg/g)

W2 AT Ak Se Co Zr Th Hf
P,d-01 RB@E¥HE 106 897 104 154 346
P,d-03 BAPH 801 6.23 73.9 9.62 2.49
P,d-07 A 13.6 4.67 222 19.2 7.00
P,d-09 RB@dsE  13.0 3.09 223 165 6.60
PN .
P,d-10 MR 154 261 284 202 7.84
Pod-11 s 13.1 3.87 220 19.3 6.99
Pyd-12  BeRE 971 215 223 18.0 7.05
P,d-13  BEJF 105 1.38 219 194 6.81
P,-05 BTl 189 4.27 193 251 6.17
T4l P06 RAaTE 169 168 224 256 6.97
P,-07 Hfawi 158 159 211 194 6.32
Pig-04 JREB@PHE 145 140 204 204 6.45
Pg-06 JKE@PHE 16.1 153 197 21.6 6.24
Mg Pg-08 JKE@EA 161 149 200 22.2 6.37
Pig-10 JKEB@ATE 154 150 200 21.8 6.45
Pg-11 JKE@TE 155 196 206 21.1 6.45
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Table 3 The REE geochemical characteristics in Changqiao Section

§ TOC >REE LLREE HREE Lay/ Lay/ Gdy/ La,/
HE (TR L/H 0Eu 0Ce Ceanom
(%) (mg/g) (mg/g) (mg/g) Yby Smy Yby Yb,

P,d-01 0.15 192.59 173.51 19.08 9.09 12.24 3.74 2.12 0.60 0.82 1.76 -0.10

P,d-03 0.47 131.24 117.50 13.74 8.55 11.38 4.74 1.56 0.60 0.69 1.63 -0.19

P,d-07 3.86 310.81 288.70 22.11 13.06 14.10 5.32 1.46 0.56 0.92 2.02 -0.05

P,d-09 1.25 296.57 275.08 21.49 12.80 13.94 5.28 1.53 0.60 0.93 2.00 -0.05

P,d-10 0.95 332.41 305.22 27.19 11.23 13.46 4.37 1.73 0.56 0.88 1.93 -0.08

P,d-11 7.72 336.85 311.77 25.08 12.43 12.55 3.70 1.55 0.47 0.90 1.80 -0.06

P,d-12 1.23 218.44 201.71 16.73 12.06 12.57 5.35 1.30 0.57 0.92 1.80 -0.05

P,d-13 0.66 293.04 273.34 19.70 13.88 14.00 4.16 1.50 0.54 0.91 2.01 -0.05

P,/-05 1.28 346.38 303.78 42.60 7.13 8.37 3.49 1.83 0.56 0.90 1.20 -0.06

b A P,[-06 4.48 216.64 197.30 19.34 10.20 10.72 5.09 1.28 0.65 0.91 1.54 -0.05
P,.-07 1.06 151.63 134.80 16.83 8.01 7.68 2.08 1.77 0.69 0.88 1.10 -0.09

P,g-04 0.46 254.79 231.45 23.34 9.92 11.50 4.14 1.80 0.64 0.93 1.65 -0.05

P,g-06 0.03 266.02 240.87 25.15 9.58 10.83 3.99 1.74 0.64 0.93 1.55 -0.05

PR 20 P,g-08 0.63 268.90 243.15 25.75 9.44 10.78 4.02 1.73 0.65 0.93 1.54 -0.05
Pg-10 0.86 264.03 238.14 25.89 9.20 11.16 3.95 1.94 0.64 0.94 1.60 -0.05

Pig-11 0.72 266.05 241.72 24.33 9.94 11.10 4.10 1.68 0.63 0.93 1.59 -0.05

* B @

I F £ 00 & BB Y REE=La+Ce+Pr+Nd+Sm+Eu+Gd+Th+Dy+Ho+Er+Tm+ Yb+Lu; % + 6 & # i LREE=La+Ce+
Pr +Nd+Sm+Eu; i + 6 % & HREE=Gd+ Tb+Dy+Ho+Er+Tm+Yb+Lu; L/H & + & 5 &M - &5 2 H;Lay/Yby . Lay/
Sty Fll G/ Y by 3 S 28 32 BRORE B A KR AL S 19 HEAE 5 OEu=Eux/(Smy X Gdy)"?; 8Ce=Cey/(Lay X Pry)"%; La,/Yb, 4t 3 55 45 i 465 19 Le
{8 5 Ce nom (il 52 5 75 88) =1g[ 3Ce,/(2La,+ Nd,)].
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Fig.3 Vertical distribution of mudstone geochemical parameters in Changqiao Section
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K E B AN, R La/Yb— Y REE &l fift i vl L) ) i
7 J8 1 (Allergre and Minster, 1978) , M & 4d 7]
DL Y, R B 21 0 A0 210 i 42 3B V5 76 46 B A X
7 o V5 20 i H0T% 78 B 1k X A ORI AR B A X,
KM AMBX T &R E A FERAALNMSAH
Y Fe e, &S VIR R R AR A Y, X
5 TC 43 A 2 4R R e ) e — B
4.4 HELE I FHIE

R F AN [6) 44 15 95 56 o0 0 R AL 2 R AE R
6], AT LA i A o0 28 45 AE R B 3 4 7 24 B 9 4
1 8% Bhatia(1985) B85 T R WM 1 15 s 440 T



4124 HiBERBL2%  http://www.earth-science.net A5 B
1000 1000 -
(ayKFE4 (b)Je i 4L
l\\\
. m
s [ T
£ s 100} ~m —am
2 2 e % N
= # L BT .
og o SE g —f = = ==&
B # 0 10f e a8
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb L La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
1000 e 100 T(a) o A pe sl T
O JeEA 2 »
A PRI N
oS TRE [
= & g 5 og® PASES
% EN 10~ EREE o
= 3 % R
e /
- K il 51 BT
i R
KPR
T ERRE
1 1 1 1 1 1 1 1 1 1 Il Il 1 1 1 1 1
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 1 10 100 1000 10000
YREE(ng/g)

[ 4

B F W TR La/Yb— > REE Kl f#

Fig.4 REE distribution patterns of mudstone and La/Yb— > REE diagram
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F 0P 7 WM oo B REAE J L A Y8 [, Condie
(1993) ¥ H 45 45 (2013) BF 58 & B 45 FE & 1L
WHEEMEAESMR TR TR, HERR
FRE SRR o0 R AEBR UL 1.2 KR IE DL A # )
WA S TR A i B o0 R AE .

AR SCOKE B A ) TG DU R RS IE JE M 10T
B HATX(EL SR E FRKX
TR LR M N 131.24~346.38 pg/g, K IE )5
YA R 215.96 pg/g. 5 8 sh KB 1 2 0 £ T
O (210.00 pg/g) Tor#i s La . Ce MK IE R &
H{H A 48.62 pg/g M 88.51 pg/g, YW &5 T #5h K
i ih % ;1La/Yb LREE/HREE . (La/Yb) {85 5 4
17.24 .10.41 A1 11.65, 5 7if h K Bifi i 2% %5 A1 5 H

x4 HRREKSARUEETRT

i, 5 w3 KBE 2 %+ 43 AL Eu 19 5 9 {61 1
0.60, 5 #% 2 Kkl i 2 (0.56) T 323 45 R KW
F 5 X0 1 38 7 5 AR 8l KBl o 3=

A B ke M M - R oo R (W0 La.
Th.Sc.Zr 45 ) i 44 [R R 0T LLHIR 70 8 0 i 0 AR X
B9 #4 (Bhatia and Crook, 1986) , #| F§ Bhatia
# 37  La—Th—Sc, Th—Sc—Zr/10 il Th—Co—
Zr/ 10 B R AT ¥ 3 5 55 20 B, QI S i s, B R
T R — 3, 852 M 45 R R 43 U e 9k 2l K B
2% DX S8, A 2 4 i B3 Bl KRG 32 2% RN K il & 9K
X 1 . Floyd and Leveridge (1987) #& H w (La)/w
(Th) —w (H) i AT DL Ay 5 R 38 38 5% 00 4] 51
845 % La/Th 1 HUH #1748 8 5 R BL(EL6) , BF

v Hb B
PERN SRS

R M a0 A5 B REE 45 E X3 bk

Table 4 The comparison of REE characteristic parameters with those from graywackes in different settings

3 15 5 La(pg/g) Ce(png/g) SREE(pg/g) La/Yb LREE/HREE Lay/Yby dEu
K IR 8+1.7 1943.7 58+ 10 4.2+1.3 3.840.9 2.840.9 1.0440.11
pNGTHE 27+4.5 59+8.2 146+20 11.0+3.6 7.7+1.7 7.542.5 0.79+0.13
UEZIPNGEUES 37.00 78.00 186.00 12.50 9.10 8.50 0.60
PN FUE 39.00 85.00 210.00 15.90 8.50 10.80 0.56
BF 55 X7 24 58.34 106.21 259.15 17.24 10.41 11.65 0.60
KIE & 48.62 88.51 215.96 17.24 10.41 11.65 0.60

B EBURS] A SOk (Bhatia, 1985) , 88 1E A8 =FX{E /1.2.



11 B T B F A RV TUR R 0 R M Bk Ak 2 REAE J b T 28
} 4125
La Th Th
0100 0. 100 0. 100
20 80
60
e\ 40
38 L 01AN
80 \ 20
100 / 0 0 100/
h f f Y Sc Sc 1 T " Zr/10 o f T T —  Z1/10
™, 20 40 60 80 100 0 20 40 80 100 0 20 40 60 80 100

KI5 B9 X )8 % La— Th—Sc. Th—Sc—Zr/10 fl Th— Co— Zr/ 10 44 i 15 % 34 51| [ it
Fig.5 The tectonic setting discrimination diagrams of clastic rocks according to La—Th—Sc, Th—Sc—Zr/10 and Th—Co—

7r/10 in the study area

#% Bhatia and Crook(1986) 52 . OTA. KR I ; CIA. KFE I8 ; ACM. %3 Kk % ; PM. ¥ 3 K ki ib 2

o k4l
2 N o el
RS £ 087 i .
ol TR -
Jov=al s BIRR
= ' L e
= ' g N
5 : o2, /;/&%& P IR A U5
el A . KIRH
oo P .
L Fa e
0 5 10 15
Hf(pg/g)
Bl 6 EFrHIm —E &R U A R A B

Fig.6 Discrimination diagram for provenance attribute of
Permian mud shale from Changqiao Section
% Floyd and Leveridge(1987) &2

GEXAE T BB R AR X IR 5k A L hse .
1 A R o6 I 08 0 2 T AR AR O R I
RV AR HEA Ze SR MELLSE R, P RE 2 3
O HER Ze JC R & SR A, PG 7E 3% 850 B
BN % % pE X B R T DL w (La)/w
(Th) —w (HT) F fif 0 W s HE oG 2 & Bl g 4
K, K IRE SR SR I8 A6 B 3 KRB 3 G AL ol itk vp
DA W7 3 5 S5 0 1) T Sy ik 8l KBt i1 2%

AU EF AN RELX &
EN RN A I N B S R ARl - a
EEIPNEUE 3

5) énlb

(DS XFE A -t R S (U REE)R &,
BWmtSaas, mEmR SRS, M TR
Gy iR A A AE I A L Eu 58 R
i Ce H % .S LREE/>HREE & . (La/Sm) {& il
(Gd/Yb) A8 5z W42 i + o0 2 50 18 R 3 e v, i

Fis LT B AR AR AR S S SR LT R
B o A58 3 SR — 35, Wi 5% X @ T M By se TR TR

(2) BF 58 X HE 1 Cen 1B F 5 Ce fH 45 75
A DR A B — O B R R R R B A R
TIE WAL BT k2 08 5 . R REE 43 5 72 B Ok f i
DOR B A R B R AR T R AR IR, b e R
UORR A P, IR 20 IR 2, K B A 0 AR B 18, (] I
R PR X B 4 R X R O

(3)WF5E X B 5 19 La/Yb— REE [ i #1 0Eu {i
R AE FE KA A, FIH La—Th—Sc.
Th—Sc—Z7r/10, Th—Co—Zr/10 }&% La/Th— Hf ¥|

) PR i S T A DB AT 9 X B AR R T R T O B

EIPNEUE 3

References

Allegre, C.J., Minster, J. F., 1978. Quantitative Models of
Trace Element Behavior in Magmatic Processes. Earth
and Planetary Science Letters, 38(1): 1—25. https://doi.
org/10.1016/0012-821x(78)90123-1

Berry, W. B. N., Wilde, P., 1978. Progressive Ventilation
of the Oceans: An Explanation for the Distribution of the
Lower Paleozoic Black Shales. American Journal of Sci-
ence, 278(3): 257—275. https://doi. org/10.2475/
ajs.278.3.257

Bhatia, M. R., 1985. Rare Earth Element Geochemis-

try of Australian Paleozoic Graywackes and Mu-

drocks: Provenance and Tectonic Control. Sedimen-

tary Geology, 45(1/2): 97—113.

10.1016/0037-0738(85)90025-9

Bhatia, M. R., Crook, K. A. W.,

https://doi. org/

1986. Trace Element
Characteristics of Graywackes and Tectonic Setting Dis-
crimination of Sedimentary Basins. Contributions to Min-

eralogy and Petrology, 92(2): 181—193. https://doi.



4126 HERFF=  http://www .earth-science.net

45 %

org/10.1007/BF 00375292

Cai, Z.R., Xia, B., Huang, Q.T., et al., 2015. Com-
parative Study of the Tectonic Setting on the Forma-
tion and Preservation of Paleozoic Shale Gas be-
tween the Upper Yangtze and the Lower Yangtze
Platforms. Natural Gas Geoscience, 26(8): 1446—
1454 (in Chinese with English abstract).

Chen, P., Zhang, M.Q., Xu, Y.Z., et al., 2013. The Shale
Reservoir Characteristic of Dalong Formation, Upper
Permian in Chaohu-Jingxian, Lower Yangtze Area. Ac-
ta Petrologica Sinica, 29(8): 2925—2935 (in Chinese
with English abstract).

Condie, K. C., 1993. Chemical Composition and Evolution of
the Upper Continental Crust: Contrasting Results from
Surface Samples and Shales. Chemical Geology, 104:
1—37. https://doi.org/10.1016/0009-2541(93)90140-E

Deng, Y.N., Guo, Q.J., Zhu, M.Y., et al., 2014. Black
Rock Series in Western Hunan. Earth Science, 39(3):
283—292 (in Chinese with English abstract).

Dong, D.Z., Cheng, K. M., Wang, Y.M., et al., 2010.
Forming Conditions and Characteristics of Shale Gas in
the Lower Paleozoic of the Upper Yangtze Region, Chi-
na. Oil & Gas Geology, 31(3): 288—299, 308 (in Chi-
nese with English abstract).

Du, X. B., Song, X. D., Zhang, M. Q., et al., 2015. Shale
Gas Potential of the Lower Permian Gufeng Formation
in the Western Area of the Lower Yangtze Platform,
China. Marine and Petroleum Geology, 67(67): 526—
543. https://doi.org/10.1016/j.marpetgeo.2015.05.031

Du, Y.L., Li, S.Y., Wang, B., et al., 2011. Diagenesis of
the Lower -Middle Permian Carbonate in the Wuwei -
Chaohui Area, Anhui Province. Acta Geologica Sinica,
85(4): 543— 556 (in Chinese with English abstract).

Elderfield, H., Greaves, M. J., 1982. The Rare Earth Ele-
ments in Seawater. Nature, 296(5854): 214—219.
https://doi.org/10.1038/296214a0

Floyd, P. A., Leveridge, B. E., 1987. Tectonic Environment
of the Devonian Gramscatho Basin, South Cornwall:
Framework Mode and Geochemical Evidence from Tur-
biditic Sandstones. Journal of the Geological Society, 144
(4): 531 —542. https://doi.org/10.1144/gsjgs.144.4.0531

Haskin, L. A., Wildeman, T. R., Frey, F. A., etal., 1966.
Rare Earths in Sediments. Jowrnal of Geophysical Re-
search Atmospheres, 71(24): 6091—6105. https://doi.
org/10.1029/jz071i024p06091

Huang, B.J., Shi, R.F., Zhao, X.B., et al., 2013. Geologi-
cal Conditions of Paleozoic Shale Gas Formation and Its

Exploration Potential in the South Anhui, Lower Yang-

tze Area. Journal of China Coal Society, 38(5): 877—
882 (in Chinese with English abstract).

Lan, X.H., Li, R.H., Mi, B.B., et al., 2016. Distribution
Characteristics of Rare Earth Elements in Surface Sedi-
ment and Their Provenance Discrimination in the East-
ern Bohai and Northern Yellow Seas. Earth Science, 41
(3): 463—474 (in Chinese with English abstract).

Liang, C., Jiang, Z. X., Zhang, C. M., et al., 2014. The
Shale Characteristics and Shale Gas Exploration Pros-
pects of the Lower Silurian Longmaxi Shale, Sichuan
Basin, South China. Journal of Natural Gas Science and
Engineering, 21: 636—648. https://doi.org/10.1016/].
jngse.2014.09.034

Liu, J.G., Chen, Z., Yan, W., et al., 2010. Geochemical
Characteristics of Rare Earth Elements in the Fine -
Grained Fraction of Surface Sediment from South China
Sea. Earth Science, 35(4): 563—571 (in Chinese with
English abstract).

Liu, Y.J., Cao,L..M., Li, Z.L., etal.,1984. Elemental Geo-
chemistry. Science Press, Beijing (in Chinese)

Pan, J.P., Qiao, D.W., Li, S.Z., et al., 2011. Shale-Gas
Geological Conditions and Exploration Prospect of the
Paleozoic Marine Strata in LLower Yangtze Area, China.
Geologcal Bulletin of China, 30(2): 337—343 (in Chi-
nese with English abstract).

Pan, L., Chen, G.H., Xu, Q., et al., 2013. Pore Structure
Characteristics of Permian Organic-Rich Shale in Lower
Yangtze Area. Journal of China Coal Society, 38(5):
787—793 (in Chinese with English abstract).

Pu, B.L., Jiang, Y. L., Wang, Y., et al., 2010. Reservoir -
Forming Conditions and Favorable Exploration Zones of
Shale Gas in Lower Silurian Longmaxi Formation of Si-
chuan Basin. Acta Petrolei Sinica, 31(2): 225—230 (in
Chinese with English abstract).

Tang, K., Wang, X.Q., Chi,Q.H., et al., 2018. Concentra-
tion and Spatial Distribution of REE in Geochemical
Transect of Xingmeng Orogenic Belt - North China
Craton. Earth Science, 43(3): 655—671 (in Chinese
with English abstract).

Wang,Z.G.,Yu,X.Y.,Zhao,Z.H., et al., 1989.Rare Earth El-
ement Geochemistry.Science Press, Beijing (in Chinese).

Wu, H., Yao, S.P., Jiao, K., et al., 2013. Shale-Gas Ex-
ploration Prospect of Longtan Formation in the Lower
Yangtze Area of China. Journal of China Coal Society,
38(5): 870—876 (in Chinese with English abstract).

Wu, S.H., Feng, Z.Z., He, Y.B., 1994. Study on Anoxic
Environments of Permian in the Middle and Lower

Yangtze Region. Acta Sedimentologica Sinica, 12(2):



55 113

BRESE T T A RUE U + 0 2 MR AL AR M 2 X 1127

29— 36 (in Chinese with English abstract).

Xu, Z.J.,Cheng,R.H., Wang, L..L., et al., 2013. Mineralogi-
cal and Element Geochemical Characteristics of the Late-
Triassic -Middle Jurassic Sedimentary Rocks in South-
western Fujian Province: Constraints on Changes of Ba-
sin Tectonic Settings. Acta Petrologica Sinica, 29(8):
2913— 2924 (in Chinese with English abstract).

Yan, D.Y., Huang, W.H., Lu, X.X., et al., 2016. Contrast
of Reservoir-Forming Conditions of Marine-Continental
Transitional Shale Gas in Different Sedimentary Envi-
ronments in the Lower Yangtze Area of China. Journal
of China Coal Society, 41(7): 1778—1787 (in Chinese
with English abstract).

Yan, J. F., Men, Y. P., Sun, Y. Y., et al., 2016. Geo-
chemical and Geological Characteristics of the Lower
Cambrian Shales in the Middle-Upper Yangtze Area of
South China and Their Implication for the Shale Gas Ex-
ploration. Marine and Petroleum Geology, 70: 1—13.
https://doi.org/10.1016/j.marpetgeo.2015.11.010

Yang, S.Y., Li, C.X., 1999. Research Progress in REE
Tracer for Sediment Source. Advances in Earth Sci-
ence, 14(2): 164—167 (in Chinese with English abstract).

Zhang, J. Z., Li, X. Q., Zhang, X. Q., et al., 2018. Geo-
chemical and Geological Characterization of Marine-Con-
tinental Transitional Shales from Longtan Formation in
Yangtze Area, South China. Marine and Petroleum Ge-
ology, 96: 1—15. https://doi. org/10.1016/j. marpet-
£e0.2018.05.020

Zhao, M., Shao, L., Liang, J.S., etal., 2013. REE Charac-
ter of Sediment from the Paleo-Red River and Its Impli-
cation of Provenance. Earth Science, 38(Suppl.1): 61—
69 (in Chinese with English abstract).

Zheng, T.L., Deng, Y.M., Lu, Z.J., et al., 2017. Geo-
chemistry and Implications of Rare Earth Elements in
Arsenic-Affected Shallow Aquifer from Jianghan Plain,
Central China. Earth Science, 42(5): 693—706 (in Chi-
nese with English abstract).

Zou, C. N., Dong, D. Z., Wang, S. J., et al., 2010.
Geological Characteristics and Resource Potential of
Shale Gas in China. Petroleum Exploration and Devel-
opment, 37(6): 641—653. https://doi. org/10.1016/
S1876-3804(11)60001-3

Mt o 322 5 Sk

SRR, Bk, WK, %, 2015, B R T KO A BT
SR ANGRAT B R 5 15 5 0 LA . RAR Bkl
26(8): 1446— 1454

WiOF-, SkELE , VR, 4 2013, R — R B BIX L

TS KBV DU A E AR L A A R, 2908):
2925—2935.

X SAR, BRIRAE, ARG S, A5, 2014, WIVGFE R A0 L B 4
Z T R AR o0 R ER AL 2R R AE . M ER B2, 39
(3): 283—292.

#OROR, BT, EEW, %, 2010 hE B T X AR
T I S A RO AE L AT S R R A T, 31(3):
288—299, 308.

Mg, XU, Fuk, 4, 2011, H#8Ich — S X R
TR A BUAER . M T A, 85(4): 543—556.

WARR, Mg, BB, 45, 2013, F i 7 e Xk A4 5
T Y B2 1 B B s D1 PP A . Ik 2= 4R L 38(5):
877—882.

Wt O, BEE, 55, 2016, B AR B LT R
E VTR AR £ 00 o A0 REE S WA ) . R
41(3): 463—474.

XU, BRAb, 5, 25, 2010, B i 32 U0 h 40K 20 43
B s - 0 R M BRI 2E R AE . M ERBR 2, 35(4): 563—571.

AR WD, 2RIk B, 45,1984, Ju B M sk b2 b aT . Bhog
A

Wk TR, 2R EE 55,2011, N T IX i 2R R AR
Hb T 45 18 5 B PR T S5 . M BB 4, 30(2— 3):337—343.

W, REEAE TRAR 55 2013, T FILX & R W A MR TR
TUA FLBR A5 HRAE 5 254, 38(5): 787 —793.

SRS A, E L 42010, 091 4506 T RE B8 45 e DB 4
T SRR A5 1 B AT R X o L Al 2 R, 31(2):
225—230.

FEMR, E ok IRIER 4 2018, 2458 — B M IR 1k 25 5k iR
i £ICHE & ik 523 M5 A6 M EREL A, 43(3):655—671.

TR, F2E0, B RAE, %1989 F £ R sk k=g b At
b At

R WREROE, B, S 2013, R TR L &S A R
AR R B, 38(5): 870—876.

SRR B R Al 2k, 1994, th T 4% T b X B 20 B IR
B oY DURL2E 4R, 12(2): 29— 36.

VErfrAs B O, F WSS, %5, 2013, ) PG 5 X W = & — 4k
TR T MO0 2R M R A S A X 2 A Y Y
SRR A A A2, 29(8): 2913 — 2924

=] g, B SORE Bl /INES L 45, 2016, F 35 T XU I B A AR )
TR IR 55 U A0 A% 1 X b R R 2 L 41(7):
1778—1787.

M SElk, 28 e, 1999 REE /5% B2 UL AL 9 VR BF 7 ok e . st Bk
Bl ik B, 14(2):164—167.

A BB A R, AF 2013l £ L AR W R - J0 3RRAE K
HAYRTE R 2 ERB2 |, 38(4% ) 1):61—69.

R RO, 2 A L 4, 2017 VT30 IR 2 & i T ok
B 70 F b A & H A8 8 XL b Bk RE 2%, 42(5):
693—706.



