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Abstract: With the continual progressing of shale oil exploration and development in lacustrine facies, the investigation in Qintong
sag of Subei basin steps into the stage of whole petroleum system evaluation. The previous oil correlation researches focused on the

influence of salinity of lake water during source rock development onto biomarkers, which is hard to satisfy the requirement of oil
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correlation with the source rocks of “contemporaneous heterotopic facies” for whole petroleum system. This study is on the basis
of analysis of controlling of high-resolution sequence stratigraphy driven by paleoclimate on source rock development and
distribution, totally 11 shale oil and conventional crude oil samples in Qintong sag have been employed to measure the aryl
isoprenoid biomarkers which can reflect sulfuration habitat and be used to correlate the whole petroleum system with source rocks.
Meanwhile, the 2, 3, 6- aryl isoprenoids (2, 3, 6-AIPs) and 2, 3, 4- aryl isoprenoids (2, 3, 4-ATIPs) have been applied to build two
parameters: C,=3(2,3,6-AIPs)/3(2,3,4-AIPs) and C,=3(2, 3,6-A1Ps)/ 3(2, 3,4-AlIPs)+ =(2,3,6-AIPs), which are utilized to
calculate the relative sulfuration intensity and relative paleo-depth of lake water for the source rocks of shale oils and conventional
crude oils, respectively. And then, several research results have been obtained as following. (1) The second member of Funing
Formation in Qintong sag underwent the low frequency cycle of earlier lake expansion system tract (EEST)—>later lake expansion
system tract (LEST) —high level system tract (HST), which can be divided into high frequency cycle of 9-fourth level quasi-
sequence group (P1—P9), and 32.5-fifth level subsequences, which indicates the total tendency from the (semi-) haline water
during the earlier cold and dry paleoclimate evolving into the fresh water during the later warm and humid paleoclimate. (2) The
relative higher values of residual total organic carbon (TOC) in the second member of Funing Formation are always corresponding
to the maximum lake flooding surface of system tract cycles with warm and humid paleo-climate and fresh water; and the relative
lower values of residual TOC being always corresponding to the initial lake flooding surface with cold and dry paleo-climate and
(semi-) haline water. This leads to a conclusion that bathyal-deep lake environments with warm, humid paleoclimate and fresh
water are more beneficial to organic enrichment. (3) Four types of source rocks in the second member of Funing Formation can be
recognized: the first is relatively shallower water column and weaker sulfuration facies; the second being relatively deeper water
column and moderate sulfuration facies; the third being deeper water column and intensive sulfuration facies; and the fourth being
deeper and fresh water column facies. This research is not only providing a new tool for “contemporaneous heterotopic facies”
source rock evolution, but also giving the evidence to establish the distribution sequence of whole petroleum system.

Key words: correlation of oil with source rock; whole petroleum system; aryl isoprenoid; biomarker; high-resolution sequence

stratigraphy; Qintong sag; petroleum geology.
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Fig.1 Structural unit division and the location of Qintong sag (a) and the structural map of the bottom boundary of the second

member of Funing Formation (T33) and locations of oil samples in Qintong sag (b)
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Table 2 The GC-MS analysis sample information of source

rocks for the second member of Funing Formation

in well QY1
s HE i 5 HE ¥ik(m) B
1 QY1-8 itk ey 3687.58 E;-V
2 QY1-18 beEas 3697.82 E[f,V
3 QYI-18RE(E LK) be¥as 3697.82 E[f,V
4 QY1-39 RIS 371780 EfyIN
5 QY1-49 KBTI 2727.28 Ef; IV
6 QY1-61 WKRH  3738.98 Ef N
7 QY1-6IRE(ERFES) TR 3738.98 Ef,IV
8 QY1-67 KRS 374448 Ef-10
9 QY1-98 KnRIE  3770.56 Ef-1l
10 QY1-117 Kz R 3787.68 Ef-Il
11 QY1-142 SURARRIKE  3809.27 Efi-ll
12 QY1-213 KBS  3875.04 Efy-I
13 QY1-268 GIREWE 392554 Efy T
14 QY1-280 KrJRRE 393541 Ef-1
15 QY1-301 Kz FRE 395277 Efy 1
16 QY1409 THKZEVEH 4043.03 Efy T
17 QY1422 TRV 405548 Efi 1
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Fig.5 The total ion current diagrams of mudstones and shales of the second member of Funing Formation in well QY1 in

Qintong sag
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Fig.6 The mass chromatograms (m/z=191) of mudstones and shales of the second member of Funing Formation in well QY 1

in Qintong sag
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Fig.7 The mass chromatograms (m/z=217) of mudstones and shales of the second member of Funing Formation in well QY 1

in Qintong sag
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Fig.8 The molecular geochemical characteristic profile of mudstones and shales of the second member of Funing Formation in

well QY1 in Qintong sag
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Fig.9 The relationship among -daucanes, gammaceranes and aryl isoprenoids of mudstones and shales of the second member

of Funing Formation of well QY1 in Qintong sag
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Table 3 The parameters of aryl isoprenoid of shale oils and conventional crude oils in Qintong sag
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Fig.10 The GC-MS spectra of detected aryl isoprenoids of shale oils and conventional crude oils in Qintong sag
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