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Abstract: In order to explore the depositional and tectonic environment as well as provenance feature of the mud shale of Wufeng

Formation—Gaojiabian Formation and guide regional shale gas exploration, the rare earth element composition (REE) of these rocks in
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Well SY1 from Jurong area was analyzed by Inductively Coupled—Mass Spectrometry (ICP—MS) in this study. The result shows that the
total amount of rare earth elements of mud shale in Wufeng Formation is lower than that in North American shale while that in
Gaojiabian Formation is reverse. Both Wufeng Formation and Gaojiabian Formation of mud shale are characterized by enrichment of the
light rare earth elements and by commonly high fractionation which gradually increases from the bottom to the top. 6Cey value is 0.76~

0.91, with an average value of 0.86, showing a weak negative anomaly. The 6Euy mean value of mud shale in Wufeng Formation is
1.11, while that of the first member and the second member of Gaojiabian Formation is 1.71 and 1.11, respectively, indicating that the
first member of Gaojiabian Formation has the most obvious differentiation and a large range of variation. The ZREE—La/Yb graphic
shows that the provenance of mud shale in Wufeng Formation is relatively single, while the parent rocks of mud shale in Gaojiabian
Formation have complex and mixed composition. The mean value of La/Yb indicates that the deposition rate of mud shale in Wufeng
Formation is less than that of Gaojiabian Formation, and the abundance of organic matter is negatively correlated with the value of
(La/Yb), to a certain extent. 6Eu, 6Ce, U/Th, V/Cr, Ni/Co and other parameters suggest that the seawater reducibility were
characterized by oxygen—enriched, anaerobic and oxygen—enriched transition from base to top.The reduced water and relatively euxinic
sedimentary environment in the Late Ordovician and Early Silurian were favorable for the preservation of organic matter, which resulted
in the organic—rich mud shales in the Wufeng Formation—Gaojiabian Formation in Jurong area reaching a thickness of about 30 meters.
Accordingly, the shale of Wufeng Formation and the first member of Gaojiabian Formation in the Jurong area represent a high—quality
shale gas reservoir.

Key words: Jurong area; mud shale; rare earth element; sedimentary environment; inductively coupled plasma —mass spectrometry;
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Fig. 1 The location of well SY1 in the paleogeographic map of the Yangtze plate from Late Ordovician to Early Silurian
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Table 1 Contents of rare earth elements of mud shale in Wufeng Formation —Gaojiabian Formation in well SY1

10°°

Fean 5 La Ce Pr Nd Sm Eu Gd Tb Dy Ho E Tm Yb Lu
SY1-10 21.83 3843 478 17.15 3.09 1.15 33 0.53 328 0.59 1.82 027 1.69 0.27
SY1-13 334 5678 6.81 2434 368 1.42 327 046 3.11 0.69 211 037 221 0.34
SY1-16 28.33 43.33 588 21.12 417 1.44 391 056 3.23 0.62 2 0.3 2.05 0.34
SY1-19 22,87 3672 471 18.14 321 1.16 336 05 3.09 0.63 1.8 03 186 0.31
SY1-22 20.92 36.04 4.63 17.65 3.18 1.01 3.74 056 3.15 0.64 1.85 028 1.73 0.27
SY1—24 51.99 92,69 11.41 42.69 858 439 8.05 128 7.69 1.57 4.82 0.74 445 0.76
SY1-25 51.08 89.05 10.53 38.6 7.03 4.66 683 095 577 12 372 0.62 3.64 0.55
SY1-26 4029 7132 881 3154 598 435 539 0.82 494 098 3.11 048 317 05
SY1-28 71.23 12131 1359 4579 7.75 4.69 6.85 0.95 6.07 124 3.92 0.63 3.86 0.64
SY1-31 412 73.66 89 3228 596 205 523 0.83 514 1.01 3.12 0.49 295 0.46
SY1-37 46.4 7844 912 3153 54 171 538 09 557 1.09 3.25 0.53 3.14 047
SY1-40 52,12 91.44 1125 4344 7 234 628 0.89 552 1.13 331 052 334 0.51
SY1-42 46.31 8597 1023 3798 6.52 1.81 6.05 0.82 513 1.01 3.13 0.51 3.02 0.54
SY1-43 36 65.11  7.68 29.18 494 15 518 0.76 432 0.86 252 0.39 247 0.4
SY1—44 4562 7958 951 3525 594 1.72 563 0.69 477 0.97 293 0.48 291 0.44
SY1-45 52,77 90.3 1036 38.73 6.6 287 6.02 09 566 1.14 3.18 0.47 29 042
SY1—46 4549 79.93 9.46 3525 7.39 204 582 0.79 492 1.05 3.05 0.48 3 0.45
SY1—49 40.94 7411 896 3426 558 1.77 554 0.85 491 0.97 3.03 0.46 284 047
SY1-51 46.92 80.27 9.85 33.39 6.09 221 476 0.69 4.44 0.95 29 0.44 291 0.44
SY1-52 41.72 73.66 8.66 31.29 532 207 494 0.76 459 091 2.83 0.45 276 0.43
SY1-54 38.86 67.16 829 3091 52 236 446 0.66 4.08 0.8 258 0.37 246 0.35
SY1-55 451 76.96 9.21 33.89 585 234 51 074 444 091 266 042 261 04
SY1-56 43.93 76.16 927 3451 542 239 576 0.78 498 0.98 2.99 0.46 291 0.42
SY1-57 44.45 7673 938 33.64 6.67 231 52 079 4.83 0.93 285 047 283 045
SY1-59 30.28 5849 722 2856 54 1.43 532 079 439 0.82 236 0.35 229 037
SY1-62 43.67 80.04 921 3538 6.86 1.85 5098 0.88 5.03 0.99 294 0.46 285 0.45
SY1-65 5225 89.62 10.73 39.84 7.17 2.09 559 0.88 512 1.07 3.24 0.49 32 0.48
SY1—68 44.06 77.87 9.5 3339 585 1.86 5.05 0.71 456 1.01 3.05 0.46 292 0.46
SY1-71 46.27 82.89 976 3538 596 204 5 071 442 09 297 045 28 0.54
LETERT 32 73 7.9 33 57 124 52 085 58 1.04 34 05 3.1 048
BRRIFA P 0.3 0.8 0.12 0.6 0.19 0.07 026 0.05 032 0.07 021 003 021 0.03
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Table 2 REE geochemical characteristics of mud shale in Wufeng Formation — Gaojiabian Formation in well SY1

SREE/ 3LREE/

SHREE/ SLREE/

(La/Yb)  (La/Sm) (Ce/Yb) (La/Yb), &Cey O6Euy 6Cey O6Eug TOC/%
107° 107° 107® XHREE
SY1-10  98.18 86.43 11.75 7.36 9.04 4.47 5.97 1.25 0.85 113 0.83  1.58 2.08
SY1-13  138.99  126.43 12.56  10.07 10.58 5.75 6.74 1.46 0.84 127 081 1.80 1.17
SY1-16 117.28  104.27 13.01 8.01 9.67 4.30 5.55 1.34 076 111 085 1.57 2.47
SY1-19  98.75 86.81 11.94 7.27 8.61 4.51 5.18 1.19 0.79 111 082  1.55 2.47
SY1—22  95.65 83.43 12.22 6.83 8.46 4.17 5.47 1.17 0.83 093 077 1.28 2.47
SY1—24 24111  211.75 29.36 7.21 8.18 3.84 5.47 1.13 0.86 1.65 0.87 232 1.86
SY1-25 22423  200.95 23.28 8.63 9.82 4.60 6.42 1.36 0.86 210 0.84 295 2.85
SY1—26 181.68  162.29 19.39 8.37 8.90 4.27 5.91 1.23 0.86 238 085 3.36 —
SY1-28 288.52  264.36 2416 10.94 12.92 5.82 8.25 1.79 0.86 2.00 082 283 2.71
SY1-31 183.28  164.05 19.23 8.53 9.78 4.38 6.55 1.35 0.87 114 0.84  1.61 1.83
SY1-37 192.93 172.6 20.33 8.49 10.34 5.44 6.56 1.43 0.85 099 082  1.39 1.10
SY1-40 229.09  207.59 21.5 9.66 10.92 4.72 7.19 1.51 0.85 110 0.86  1.55 0.16
SY1-42 209.03  188.82 20.21 9.34 10.73 4.50 7.47 1.49 0.90 090 082 1.27 0.33
SY1-43 161.31  144.41 16.9 8.54 10.20 4.62 6.92 1.41 0.88 093 080 1.30 0.13
SY1—44 196.44  177.62 18.82 9.44 10.97 4.86 7.18 1.52 0.86 093 083 1.31 0.39
SY1—45 22232  201.63 20.69 9.75 12.74 5.06 8.17 1.76 0.86 1.42 082  2.00 0.16
SY1—46  199.12  179.56 19.56 9.18 10.61 3.90 6.99 1.47 0.87 095 083 1.36 0.58
SY1—49  184.69  165.62 19.07 8.68 10.09 4.65 6.85 1.40 0.88 1.00  0.84  1.40 0.24
SY1-51 196.26  178.73 17.53  10.20 11.29 4.88 7.24 1.56 0.84 125 084 1.80 0.99
SY1-52  180.39  162.72 17.67 9.21 10.58 4.97 7.01 1.46 0.87 126 081  1.77 0.74
SY1-54 168.54  152.78 15.76 9.69 11.06 4.73 7.17 1.53 0.85 151 086 2.5 1.80
SY1-55 190.63  173.35 17.28  10.03 12.10 4.88 7.74 1.67 0.85 133 0.82  1.88 1.70
SY1-56 190.96  171.68 19.28 8.90 10.57 5.13 6.87 1.46 0.85 135  0.82  1.87 1.89
SY1-57 191.53  173.18 18.35 9.44 10.99 4.22 7.12 1.52 0.85 120 084 1.72 1.60
SY1-59 148.07  131.38 16.69 7.87 9.26 3.55 6.70 1.28 0.91 0.84 082 1.17 0.08
SY1-62  196.59  177.01 19.58 9.04 10.73 4.03 7.37 1.48 0.90 089 073 1.27 0.13
SY1-65 221.77  201.7 20.07  10.05 11.43 4.62 7.35 1.58 0.85 1.01  0.84  1.44 0.28
SY1-68  190.4 172.18 18.22 9.45 10.56 4.77 7.00 1.46 0.87 1.06  0.83  1.50 0.36
SY1-71  200.09 182.3 17.79  10.25 11.57 4.92 7.77 1.60 0.88 115 0.84  1.64 0.46

1 Lt & M SREE =La+Ce+Pr+Nd+Sm+Eu+Gd+Tb+Dy+Ho +Er+Tm+Yb+Lu; %/ 1 70X & SLREE = La+Ce+Pr+Nd+Sm+Eu;
Eff GRS SHREE = Gd+Tb+Dy+Ho+Er+Tm+Yb+Lu; (La/Sm) . (La/Yb) (F( Gd/Yb) \ L ERRLBR A1 bR AL Y HUAE ; 8Ce =2Cey/
(La+ Pr)  ,6Euy =2Euy/(Sm+ Gd)  , MAL I N AR LR B A BRI Y HUAE ; 8Eug =2Euy/ (Sm+ Gd) ¢, B4k Eug Smg ,Gdg ,Ceg \Lag Fl Nd
2L SUE AR HEAL i B (E

BOFIH, LT TFAT7, 26 B 5% X9 U5 AR S — 3L
FA v AR X AR 0 BROE B A s o Ak TE 40455 X A
WoR M A m A R (B 3-b) @R o R ik
REFRR, B Lo R i & RHR/N, R EM LT
R B LU R T HMNIRIE, X 5 KRS
SRR AL, Eu 5% E 285 K, SEu,
BN 0.84~2.38, LLIE Eu S8 0, HH B 1Y IE 5

WAHE P TE SY1-24 SY1-25 .SY1-26 Fl SY1—28
X 4 AFEED (B 3=b) R A7 B Dk T4 20 s 8
DL AT, T Eu W9 1E S50 AR AR S o TR R AR A
O HEDN B P 22— BR AR e 5 SO AR 9 DX AT B 2 3] 4
SR A PRI Bl 52 2025 3 0145 B RS
[ia) A AR b ) K AR 15 W

FWE e I A B R + 0 K HfH (SLREE/




RS S R AR A VLI A M X T 2H —5 SR L U8 TUEH L Ou R R IE TR IR B 1521
ERRIE i
= - RN ) e
i g/ |0 15 1 areER
. P SKREAL
Folg | m | m| ™ |, HRRM b EME
1055 — i — | === SY71
g =
— si — c—
— i — | === sves| [— —¢
]
= | F — si — | —omm Syes| KIS
© = | | 1060 — '
- S — prym——
— ) —mm Sye2| [ i
=i — L REUE 4
1065 - e
—si | —wm SYS7 -
— si — | <_mm SY56 51
— si — | —mm SY55 o
— i — | —= Sv3s TR U
- — sl — T —mm SYS2 -
E3 1070 —si — | —mm SY5]
& iRy
SY49| T
B : - s
— 4 — SY46
1075 - si ==
— & — SYH! s
—  — | —mm SY44
R | Y43 |7|
1 — : — | —mm SY42 —T—
]
1080 — — = T SYA0| e
I
= = SY37| [
Sy37
S 4 _
1085 KAEFRIL
H
B >
1090 — (
III
I\\
R’ ki 1095
s
%3
3]
1100 — —
21 i —
%) -
gﬂ* 1105 > — 1 — ]

Bl 2 SY1 HHbZ MR ke o A

Fig. 2 Stratigraphic histogram and sample distribution of well SY1
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