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Formation porosity thermocompression simulations of hydrocarbon generation and
expulsion of lamellar shales and their geological implications for shale oil exploration
in the 2nd member of Kongdian Formation, Cangdong Sag, Bohai Bay Basin
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Abstract: This study aims to systematically compare the hydrocarbon generation and expulsion characteristics of various
types of lamellar lacustrine shales. Using semi-closed formation porosity thermocompression simulation experiments on
hydrocarbon generation and expulsion, as well as associated geochemical analyses and tests, we conduct a systematic
comparative study on the hydrocarbon generation, expulsion, and retention processes of three types of lamellar shales in
the 2nd member of the Kongdian Formation (also referred to as the Kong 2 Member) in the Cangdong Sag. Accordingly,
we explore the mechanisms underlying the differential evolution of hydrocarbon generation, expulsion, and retention of
these lamellar shales. The results indicate that the threshold for retained oil enrichment in lamellar shales corresponds to
vitrinite reflectance (R,) values of 0. 4% ~ 1. 4%, with the oil retention efficiency (ORE) varying across different types
of lamellar shales. In contrast, the “golden window” for retained oil enrichment corresponds to Ro values of 0. 8% ~
1.3%. Compared to the lamellar mixed shales and lamellar carbonate shales, the lamellar feldspathic shales exhibit

higher total hydrocarbon yield, total oil yield, and total gas yield. The laminar carbonate shales reach the threshold for
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the retained oil enrichment earlier (R, = 0. 4%) , exhibiting the characteristics of early generation and early expulsion.

The three types of lamellar shales show varying retained hydrocarbon compositions and diverse gas/oil ratios (GORs)

across different thermal evolution stages. Notably, the lamellar feldspathic shales show the highest GOR during the

highly mature stage. The differences in the paleolake environment govern the organic matter composition and

hydrocarbon-generation activation capacity of the three types of lamellar shales, further affecting the differences in their

ORE and hydrocarbon generation, expulsion, and retention processes.

Key words: differential mechanism, oil retention efficiency (ORE), hydrocarbon generation and expulsion simulation,

lamellar shale, Kongdian Formation, Cangdong Sag, Bohai Bay Basin
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Fig. 1 Maps showing the regional structures and stratigraphic characteristics of the Cangdong Sag, Huanghua Depression, Bohai Bay Basin
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Table 1 Initial geochemical parameters of samples for formation porosity thermocompression simulation experiments on

hydrocarbon generation and expulsion

FE . ML %

L BURER TOCI%  S/(mglg)  S/(mglg) R /% — > — — - -
G P A RAKa A Ynasa Jnika Ftow
1 KT 5.51 0.29 38.94 0.57 20 11 8 9 0 35 17
2 RE 7.87 1.28 60. 94 0.55 13 9 0 5 12 27 27
3 kR ER 5 5.62 0.36 39. 66 0.53 14 6 0 7 25 32 12
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Fig. 2 Microscope images of typical laminae in lamellar shales in the Kong 2 Member, Cangdong Sag, Bohai Bay Basin
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Table 2 Maceral compositions of samples for the formation
porosity thermocompression simulation experiments on

hydrocarbon generation and expulsion

RES B 5y % KA MR
i JERA ERA B iR dE%
1 95.16 1.29 3.23 0.32  93.06 I
2 78.57 17.21 4.22 0 84.01 I
3 83.33 14. 00 2.33 0.33  88.25 I
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Fig. 3 Typical organic macerals of lamellar shales in the Kong 2 Member, Cangdong Sag, Bohai Bay Basin (modified from reference [63])
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Table 3 Boundary conditions for formation porosity thermocompression simulation experiments on hydrocarbon generation and

expulsion for the lamellar shale samples

R G R/%  WEE/m  BHLEEE/C BEEE WATEN/MPa IR HZES/MPa IR S/MPa HEE R 2E/MPa fHIR I [ /h
HH-CD-1-J5iB¢  0.60 2570 — AR Ryt 62 26 33 8 —
HH-CD-1-300 0.78 3116 300 M 75 31 41 9 72
HH-CD-1-325  0.91 3449 325 Ja R =1 83 34 45 10 72
HH-CD-1-350  1.05 3651 350 AR 88 37 47 11 72
HH-CD-1-375  1.43 4538 375 B 109 45 59 14 72
HH-CD-1-400 1.76 5171 400 BT 124 52 67 14 72
HH-CD-1-475  2.52 6000 475 T 144 60 78 14 72
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Fig.4 Schematic diagram showing the structure of the DK-III experimental setup and photos of samples for the formation porosity

thermocompression simulation experiments on hydrocarbon generation and expulsion
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Fig. 5 Organic geochemical properties of three types of lamellar shales from the Kong 2 Member, Cangdong Sag, Bohai Bay Basin
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Fig. 6 The relationship between the total hydrocarbon generation and temperature of the three types of lamellar shales from the Kong 2

Member, Cangdong Sag, Bohai Bay Basin.
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Fig. 7 Expelled and retained oil productivity of the three types of lamellar shales from the Kong 2 Member, Cangdong Sag, Bohai Bay Basin
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the three types of lamellar shales from the Kong 2 Member, Cangdong Sag, Bohai Bay Basin.
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