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Fig. 1 Geologic settings of the Damintun Sag, Liaohe Depression, and the location of the Well Shenjian-5
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(a) Location of the Damintun Sag( modified from Meng Weigong, 2006& ) ; ( b) simplified tectonic map of the Damintun Sag( modified from Meng

Weigong, 2006&) ; (¢) general columnar section of the study area in the Damintun Sag( modified from Meng Weigong, 2006&) ; (d) a depositional

facies map of the S;*II oil layer group in the study area, and the location of the Well Shenjian-5
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Fig. 2 The lithology and sedimentary structure characteristics of the S,;* I oil layer group from the Well Shenjian-5

in the Damintun Sag, Liaohe Depression
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Fig. 5 Vertical profiles of bioturbated layer thickness, bioturbation index, elemental parameters and sedimentary microfacies along

with the S,* T and S,* T oil layer groups from the Well Shenjian-5 in the Damintun Sag, Liaohe Depression
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Fig. 6 The comparison charts of bioturbation layers thick(a)
and bioturbation index(b)in rock samples obtained from
the S,* T and S,* T oil layer groups in the Well Shenjian-5 in

the Damintun Sag, Liaohe Depression

EH P/Ti /v F0.05~0.34, BER 0. 17(F 1), X
B S, LA S,* T ORI Ay 28 77 DA i HLERAIK,
AR TUR AL EE, S5 REMAED &
PIFHXT R =2, AW g R, S, T/ S, T2
Halife s 2 L B AR D> HEE AR, ¥ 5 e A il
PR A A E B R B ISR K@, 2 e
A = AMMITZUTR A MU & 2N FRE S . L
AR AR R S A S, T 2 A ik
SIEHZE R/ MR Z —

(3) 5L R, Sr/Ba (W B HIRIE RN
EREARAL (Wei wei and Algeo, 2019) , SZfriz HH,
— Bk Sr/Ba <0. 2 FEARIRAK IS ,0.2~0. 5 872
JEIKIAEE , >0. 5 $8 78 WK A5 (Wei wei and Algeo,
2019), S,*MiHZ4 St/Ba /T 0. 14 ~0. 65, ¥J{H

$70.25;S,* T 24 St/Ba /-1 0.03~0. 73, #{H
h0.24(F 1) R ST ANS* T YIAI A K AR
JEAE BN S, EENIRAK—F KRS, WE S
Ha] L PR, T ) UK AR B A 22 570N
AV B2 IR FE M S 6205 Sr/Ba LUAE Y A1
A LA

(4) 5tk ERZR, KX AR S
L = T UK HLIX (B HF =55, 2008) . Rb/K {HiiE
BT M S e KR ) S Ak (BB /N AT R
2011), 24 Rb/K<0. 007, 48 7~ K A % | (BB i 1K
FRMRIR BB (Fh R 55, 2020) , S,* TTiR)Z4
Rb/K 4-F 0. 001~ 0. 005, #4 {5 Jy 0. 004;S,* 1 32
20 Rb/K 4F 0.001 ~0. 004, ¥4 0.004 (% 1),
feom S, AT S, T UTRUA K AR B 22 S AR /1N 35
WAKIREE PRI KRR B 22 S /B i S, * TN
S, IihZ AW sh 22 F A B IR IR 2 —

(5) SUIBIRLEE C R, DU Zo/Rb (A 7]
DYEP Ira S AL Y/ Tk A S NG N = NS AN T A
F RS, 2017) , XOERRITER Zr EEIHA
THUR TR P B ASBIEGE i 7K R 43Tt Tl 1 TR
H MJCE Rb B AF T 4R TR b B AR A 58
8 R N N Sl (61 7 1 VT S 7/ R G 2 N
2010) , A SVEF 28 B T AR TR
S, MIMZE4] Zr/Rb AT 1. 42~16. 24 ¥{EH N 3. 70;
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Table 1 The related major and trace element parameters in S,* and S,* I oil layer groups

from the Well Shenjian-5 in the Damintun Sag, Liaohe Depression
Fedh R Rb/K |Mg/Ca| P/Ti | St/Ba | Rb/K | Zt/Rb i R Rb/K |Mg/Ca| P/Ti | St/Ba | Rb/K | Zt/Rb
i (m) i (m)

ST B54 | 1919.99 | 0.004 | 0.67 | 0.17 | 0.2 |0.004 | 2.46
B19 | 1877.36 | 0.004 | 0.06 | 0.15 | 0.58 |0.004 | 3.25 || B39 | 1920.57 10.004 1 0.85 | 0.14 | 0.14 10.004 | 0.91
821 | 1877.88 | 0.004 | 0.10 | 0.17 | 0.41 | 0. 004 | 5.97 | B35S | 1920.73 | 0.001 | 0.74 | 0.19 | 0.15 | 0.001 | 0.48
B22 | 1878.06 | 0.004 | 1.28 | 0.09 | 0.18 |0.004 | 5.92 | B3 | 1922.32 70.004 | 0.94 | 0.24 | 0.21 | 0.004 | 1.92
B25 | 1880.74 | 0.004 | 1.91 | 0.13 | 0.19 |0.004 | 3.39 | B37 | 1927.73 10.004 1 0.04 | 0.32 | 0.73 | 0.004 | 1.97
526 | 1880.96 | 0.004 | 0.38 | 0.10 | 0.27 | 0. 004 | 1.76 | B8 | 1929.50 | 0.004 | 1.01 | 0.17 | 0.19 | 0.004 | 2.36
527 | 188354 1 0.004 | 0.73 | 0.17 | 0.11 | 0.004 | 1.82 | B39 | 1938.24 |0.004 | 0.50 | 0.26 | 0.05 | 0.004 | 1.85
B28 | 1884.02 | 0.004 | 1.18 | 0.15 | 0.03 | 0.004 | 1.12 S;* I
B29 | 1885.87 | 0.004 | 0.03 | 0.27 | 0.53 | 0.004 | 0.99 || B68 | 1941.14 | 0.004 | 0.88 | 0.15 | 0.22 | 0.004 | 2.35
B32 | 1885.95 | 0.003 | 0.45 | 0.34 | 0.19 | 0.003 | 2.45 || B69 | 1943.95 | 0.004 | 0.88 | 0.14 | 0.24 | 0.004 | 2.16
B34 | 1894.26 | 0.004 | 1.87 | 0.08 | 0.20 | 0.004 | 5.02 || B70 | 1944.82 | 0.004 | 0.98 | 0.14 | 0.18 | 0.004 | 2.10
B35 | 1894.98 | 0.004 | 2.36 | 0.08 | 0.28 | 0.004 | 2.91 || B71 | 1946.49 | 0.004 | 1.80 | 0.07 | 0.20 | 0.004 | 5.29
B37 | 1896.79 | 0.004 | 1.54 | 0.05 | 0.32 | 0.004 | 4.06 || B72 | 1952.47 | 0.005 | 1.49 | 0.13 | 0.24 | 0.005 | 4.81
B38 | 1899.25 | 0.004 | 1.10 | 0.08 | 0.23 | 0.004 | 2.58 || B73 | 1955.53 | 0.004 | 1.47 | 0.08 | 0.14 | 0.004 | 1.42
B40 | 1900.72 | 0.003 | 0.77 | 0.17 | 0.17 | 0.003 | 2.25 || B74 | 1957.18 | 0.004 | 0.05 | 0.16 | 0.58 | 0.004 | 4.69
B4l | 1903.75 | 0.004 | 1.56 | 0.06 | 0.17 | 0.004 | 2.26 || B75 | 1959.07 |0.004 | 1.18 | 0.10 | 0.21 |0.004 | 5.63
B42 | 1908.87 | 0.003 | 0.04 | 0.31 | 0.46 |0.003 | 1.89 || B76 | 1962.57 | 0.004 | 1.26 | 0.08 | 0.22 | 0.004 | 5.73
B43 | 1909.39 | 0.003 | 0.17 | 0.32 | 0.26 | 0.003 | 1.38 || B77 | 1966.18 | 0.003 | 0.25 | 0.23 | 0.17 | 0.003 | 1.67
B44 | 1910.26 | 0.003 | 0.50 | 0.30 | 0.19 | 0.003 | 1.49 || B79 | 1971.70 | 0.003 | 0.04 | 0.37 | 0.65 | 0.003 | 1.51
B45 | 1910.30 | 0.003 | 0.55 | 0.31 | 0.16 | 0.003 | 1.64 || B8O | 1980.12 | 0.003 | 0.35 | 0.33 | 0.23 | 0.003 | 2.42
B46 | 1911.10 | 0.003 | 0.66 | 0.21 | 0.23 | 0.003 | 2.25 || B81 | 1982.57 |0.003 | 0.83 | 0.41 | 0.23 | 0.003 | 2.40
B47 | 1911.91 | 0.003 | 1.50 | 0.09 | 0.20 | 0.003 | 1.78 || B61 | 1989.30 | 0.003 | 0.44 | 0.28 | 0.26 | 0.003 | 1.49
B48 | 1913.35 | 0.003 | 0.71 | 0.10 | 0.23 | 0.003 | 3.81 || B62 | 1993.16 | 0.004 | 1.63 | 0.06 | 0.19 | 0.004 | 3.17
B49 | 1914.25 | 0.004 | 0.54 | 0.32 | 0.23 | 0.004 | 1.96 || B63 | 1994.90 | 0.004 | 1.98 | 0.07 | 0.30 | 0.004 | 3.08
B50 | 1915.36 | 0.004 | 0.95 | 0.15 | 0.18 | 0.004 | 3.95 || B64 | 1995.22 | 0.004 | 2.26 | 0.08 | 0.27 | 0.004 | 2.42
B51 | 1915.94 | 0.003 | 1.36 | 0.10 | 0.22 | 0.003 | 2.26 || B65 | 1999.38 | 0.001 | 0.51 | 0.11 | 0.10 | 0.001 | 16.24
B52 | 1917.94 | 0.002 | 0.92 | 0.14 | 0.10 | 0.002 | 9.00 || B66 | 2002.59 |0.004 | 0.97 | 0.17 | 0.21 |0.004 | 1.63
B53 | 1918.72 | 0.004 | 0.57 | 0.22 | 0.19 | 0.004 | 1.32

UREE/NREOKIREE . AU A A 00 sk SiPER BARsh e g . (B IF A28kt 26 ™= )

JERE KRS 4 DR MR R R sh 2 E
G RIIE G A E S SRR 75 S W US|
2 S SR A AN R T R G 3 8 A ) 1 AR A
75 S* AN S, T ORI e % it e H A2 Ak
W B/, AR IR S U o v A B A2 AR R O A
7 A SR 3 aek R R RN 2 Y 2 S R YT
TIF A ATy £ 2 A R 9 22 4k (Warren,, 2006) .
PR LG Tty AU A, ol A7 0l kB R KR
(R AR AR LR AR 2l 22 B B AR S35 E i 5 e B Ry B
%,

Yang Qunhui F1 Zhou Huaiyang (2004 ) % ¥t Bl fif
TEAR T A7 M E0E R IR Wk F W W
AW EhVE T . A 5T R IR AR T 2 7 ) S5
T, A =AU AT 2 B B ek E U A= AR

HHFAEYIE LT, AR A 13 & A T A
VIR ERT A KB (MRS, 2008) . &
5 ATUE M EIRE A s T e I 54
LBl E FE B SR B O R BN B 2% A W] A
K, AEFBATAENT &5 A7 T T2 N, A i 3h
IR ER (BS) . hh A h S s KAy
BRAb A S5 A, I 1 52 i JEC A 2B 0 0 b I
(Warren, 2006; E XI5, 2017; BLLE% 2019) ,
SV IR S, T UURHA M 7K A4k B S IR K —2 K,
(RIS A= S AR AR L, 5 A P 20 J2 B R
SR B AR BB AH O (B 5) o X LA B
Bty 25 7 0 Ry R B A AT A8 Ak SRS AT AR A e A
FEERFM,

JEC A A= 4 R R = B 5 K AR TR B A % D SR B
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RO T8 A A R 2 A 70 e T K R
(ZENEAE, 19975 FBRaE, 2003) , SR C Ty
KRS DU AL ) 24 3 S AR sh 8 5 56 &R i
FAIIRHIAT, H S, TR S,* T WURUS K A AR
PRE BERR /IS, v KR ME LA RS A 3 T 1 A 3 3 2 TS
JERR R BE BN E, &5, FEEET
Sy ILAN S, * T YT MAAR X % S fs e I DR PR X ) A=
Yk shi) & B RBWAEH . AR ZI A AR 2
Xof A A A W B 2 IR BE RN sh s B ok
FeA AR RN RN 3 4, 2010)

{8755 =2, BT X i AR5 6 K B8 = A P AT 2R DU
PRI, AT NE LI A 2 9 4 3 J2 VR B R s 4
AR ERE R BATHE A 7= S Ry $8 8 AR
LT RE 2R A SCEE MR HT 0 B RTIEEAS I | 387
J S 5 22 A A5 1 S

4 45ig

STIPUROBERTIE-[{EWNEVHINLIIER W A I; RA B 7/ b i)
A A S E A5 45 3 LA TR AR

(D) Tek 5 5 S, AN S, * 1 ih)2 41K B =
IATZ DR £ 2% F 1l B3 ( Palaeophycus ) F1iE: i
316 ( Planolites) Uil Xl e , K 30 ( Teichichnus ) 15 30
AN PRET ., W LAY E FELT
TIOK N AR e s b Bulie s e Bk i
HR G R REEAE 5~51 em Z W], #3)
FEELL 3~5 Hoh T, WIS )Z R R 3 5 L
P S TR S, T i 2 20 Ay 2 ) ) 1 1 JE ) b AR kAR
(e

(2) FEE TR SHOI I RY S, TH S, Tl
JEHBURE Rl U A= Ol R BE R K TR 4%
PEART , BRI AR i 3 00 oty A AR 2R 7 00 IR
TR—TRK ER BE SRR K DU . i S 80K
TR b St 241K & AR W4 ol 12 5 B Rl sl 48
5 S ThZEdH 25/ E B R, A ff B
TR 2A AR ) 2R EE AR SR B S,t LA S,
1 32 21 A0 [ 1) T b G AR ke ds AR H i
S HE LK B A ) T AR e s 2 R R A s EUE Ak
)RR AR T EZAH AT IRR .

Bigt . 5K EE PRSI 1A SCHIFSE A T e B
TR IRIREL 3 e WD B 27 T A 4 8 7, A0
WEFNBIF ST S AR v A 3 78R S B 45 U Bl AN S,
T MH R LKA T AR BSRE W, e, X E
RN B3 7R 30 i |
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Bioturbation in fan delta front deposits in the 3rd Member of the Paleogene
Shahejie Formation in the Damintun Sag, Liaohe Depression

JIANG Kaixi" , LI Xiaoguang” , LI Tiejun® , HUANG Shuya" , ZHANG Ni”, ZHAO Xuepei'’ ,
XIA Changfa” | ZHANG Xinpei® , FAN Zuochun® , LIN Chunming"

1) School of Earth Sciences and Engineering, Nanjing University, Nanjing, 210023
2) Research Institute of Petroleum Exploration and Development, PetroChina Liaohe Oilfield Company, Panjin, Liaoning, 124010,
3) College of Material Engineering, Jinling Institute of Technology, Nanjing, 211169

Objectives: To investigate the features of bioturbation in shallow-water fan delta front deposits. The core from
the 3rd Member of the Paleogene Shahejie Formation from the Well Shenjian-5 was studied, which was deposited in
the shallow-water fan delta front in the Damintun Sag, Liaohe Depression.

Methods: We have identified the trace fossils, counted the bioturbated layers thickness and bioturbation index
along with the vertical core profile. Based on the elemental composition analysis of rock samples, we discussed the
relationships between the depositional environment and the bioturbated layer thickness and bioturbation index.

Results: The results show that bioturbation structures were observed on the core of S,* Il and S,* T oil layer
groups, characterized by the dominance of the Palaeophycus and Planolites trace fossils. Bioturbation structures
were found mainly developed in the inter-distributary bay deposits. The thickness of bioturbated layers is from 5 to
51 em, and the bioturbation index is from 3 to 5. The thickness of bioturbated layers and bioturbation index vary
with no clear evolutionary trend along the vertical profile.

Conclusion; The analysis of elemental parameters demonstrate the paleoclimate, paleoproductivity,
paleosalinity , and paleowater depth conditions of S,* Il and S,* T oil layer groups are similar, they were deposited in
relatively warm and humid paleoclimate, low paleoproductivity, freshwater to brackish water salinity, and shallow
water environments. The similar depositional environment is the main reason causing the small differences in the
thickness and bioturbation index of bioturbated layers between S,* Il and S,* T oil layer groups, as well as for the
non-significant evolutionary trend of bioturbated layer thickness and bioturbation index along the vertical profile.
However, it is still difficult to determine the main factors influencing the bioturbated layer thickness and
bioturbation index in a single oil layer group. This study provides further evidence for identifying the terrestrial
shallow-water fan delta front environment and improves understanding of the features of the trace fossils and
bioturbation intensity in the environment.

Keywords: Liaohe Depression; Damintun Sag; Paleogene Shahejie Formation ; shallow-water fan delta; trace
fossils; bioturbation
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