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Abstract: The quantitative characterization of deep and ultra-deep hydrocarbon accumulation across multiple tectonic periods is
one of the major sticking points in geoscience. The Dengying natural gas reservoirs of Upper Sinian in Central Sichuan are
dominated by typical oil-cracking gas, and the hydrocarbon evolution has experienced a complex process from paleo-oil-reservoirs,
paleo-gas reservoirs to today’s gas reservoirs. The quantitative description of paleo-oil-reservoirs is the key and core to restore its
hydrocarbon accumulation process. In this paper, the Dengying gas reservoirs of Upper Sinian in the North Slope of the central
Sichuan paleo-uplift is selected as the research object, the solid bitumen is taken as the medium, based on core description, the
solid bitumen is quantitatively evaluated in three dimensions from "point" (quantitative evaluation of solid bitumen by image -
processing method), "line" (quantitative evaluation of solid bitumen by logging interpretation on multi-mineral inversion) to "plane"
(quantitatively evaluate the plane distribution of solid bitumen), then quantitatively evaluated the paleo-oil -reservoirs and their
resources by volume method, to provide support for the evaluation of natural gas exploration potential in the slope area from the
perspective of hydrocarbon accumulation mechanism. The results show that: (1) Solid bitumen in the Dengying Formation mainly
exists in the pore space in the state of semi-filling to full-filling. Generally, the solid bitumen content of the second member of the
Dengying Formation is higher than that of the fourth member. Also, the solid bitumen content in the upper sub-member is slightly
higher than that in the lower sub-member, no matter in the second member or the fourth; (2) The vertical and horizontal
distribution of solid bitumen indicate that: in the vertical direction, the oil charging direction is mostly from top to bottom; while on
the plane, there are two main directions for oil charging: from Deyang-Anyue rift trough to the inner side of the platform; lateral
charging from the northern slope area to south, to the high part of the paleo-uplift; (3) The paleo-oil-reservoirs of Dengying
Formation in the North Slope completed cracking earlier than the large-scale regional tectonic movement. Therefore, the content
and distribution of solid bitumen in the reservoirs can be used to quantitatively describe the paleo-oil-reservoirs. The identification
standard of paleo-oil-reservoirs is: the filling degree of solid bitumen in pore space is greater than 25% and the of solid bitumen
content is greater than 2%; (4) Based on the distribution of mound and beach body on the platform-edge in the slope area, this
study quantitatively depicted 5 reliable paleo-oil-reservoirs and 4 potential paleo-oil-reservoirs in North Slope of the central Sichuan
Uplift. The scale of the paleo-oil-reservoirs obtained by volume method is about 177.25 X 10° t, and a complete cracking can
produce oil-cracking gas of about 109 893.94 X 10° m®.

Key words: solid bitumen; paleo-oil reservoirs; ultra-deeply-buried formation; the central Sichuan paleo-Uplift; petroleum geology.
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Fig.1 Geologic background of the study area
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Fig.2 Observation on lithology and solid bitumen filling-status of Dengying Formation on North Slope of central Sichuan Uplift
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Fig.3 Microscopic features of solid bitumen of the Dengying Formation on thin section
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Fig.4 Full-diameter core porosity (a) and permeability (b) frequency distribution histogram of Dengying Formation (the second

and fourth members) on the North Slope of central Sichuan Uplift
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Fig.5 The workflow for quantitative evaluation of solid bitumen content by image processing method
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Table 1 Results of solid bitumen content obtained by image processing

N , I i

b WOREGH  ERBIE R SR éif ig; :?Eg BEAIL ig 1w 75
HRE ) BUREL) (REL) o o oo BREE(%) ) P
(%)
DB1-6 409.43 5002 624 1135204 273014 28.15 10.02 22.69 5.46 80.61 8.08
DB1-6 410.11 5002 624 653 448 187 381 16.81 7.14 13.06 3.75 77.71 5.55
DB1-6 411.01 5002 624 515 204 129 158 12.88 6.14 10.30 2.58 79.96 4.91
PS1-7 257.53~7 257.73 6076 416 28 800 140 947 2.79 3.57 0.47 2.32 16.97 0.61
PS1-7 259.43~7 259.63 6076 416 29 843 120 472 2.47 3.49 0.49 1.98 19.85 0.69
PS1-7 262.41~7 262.54 6076 416 547 669 204 369 12.38 6.01 9.01 3.37 72.82 4.38
PS1-7 263.45~7 263.55 6 076 416 230 146 290 735 8.57 5.04 3.79 4.78 44.18 2.23
PS2-7 782.24 1392 640 142 311 401 216 39.03 12.79 10.22 28.81 26.18 3.35
PS2-7 782.24@ 1392 640 226 162 95 555 23.10 8.74 16.24 6.86 70.30 6.14
PS2-7 790.43~7 790.52(D 1392 640 12611 130 639 10.29 5.48 0.91 9.38 8.80 0.48
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Table 2 Solid bitumen content and filling degree of Dengying Formation reservoir

4 =20 [ 4 30 7 A (90 % 20 ) (%) SFLBREE (%) R SR (%)
Tl P A= 5.07 7.84 64.67
JT B 2.76 4.90 56.33
P8 S 4.99 9.96 50.10
PT101
JT T B 3.54 8.10 43.70
JT T R B 2.70 5.62 48.04
PT102
TR EE 3.29 7.71 42.67
ST B 2.59 7.48 34.63
PT103
TR B 1.84 11.53 15.96
ST BB 3.23 7.10 45.49
758101
ST B 2.99 6.53 45.79
PS3 ST F B 3.05 8.57 35.59
ST B 2.68 5.55 48.29
DB1
ST DU B 2.78 5.69 48.86
1 ST L B 1.91 6.34 30.13
ST DU B 4.36 6.85 63.65
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Fig.8 Planardistribution of solid asphalt volume content and solid asphalt filling degree of Dengying Formation reservoir in the study area
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Fig.9 Variation of reservoir temperature (T) and vitrinite reflectance (R,) with time () in Dengying Formation of Pengtan 1 Well

in the the study area

xR TR AR — B R X (O3
H292.20%) 5 (2) 5T B A % 54T MU BL & 2k Y [ 14
Wi TR, IE S :3.2820,2.93%,
XA RE S 5 AR g TR — AR O R e ——
Th A — 22 15 24 A 1 vh SR AT S /22 b PR 21 R VR A AR AR
F14 JEE S AT L 0 1) 78 i T AT B AT U B 5 %
(3)AVEM AR, A FEH — & 2 Bl 4T — B A %
KT DU B 5 el ) A I S i S s
I B 88 A V8 1) AR 9 i e 3 5 (4) B b
R R IR AL vl v AL AR S A
s A B I R B 48 7 A G 1) B A SR TR T

3 i B A AR I AR

31 HHBTREESH

[ A 30 A2 D 3l S 1 Lz v o W, T T
R S PR K A i LA B E (L er al., 2008).
SR, 25 0 23 [T 0 75 3 2t X oty 9ol 91 11 377 Pl
JE T B JE PP A < (1) T 2 75 I A7 R i 2
IR A SR A8 3 T A5 5 T T e 2R A I A T e AL
EIESATRE R T ERIEUE , I, 40 5
JEEL IR DX S8l 3 A 0 O A B R T AR R
i s (2) 4878 A 2By i im )2 iy AR & &~
BR A 2 /b (2545 ,2016) 7

Song et al. (2022) & B Schlumberger 2 7] /9 %
Hi A LKA PetroMod X b A 3% & SR £ R 1
HEAT BT S g S K U AR A SR R ST R B 32
BRI R, bty R R I b T 3 T

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

MRS, ERAT TR UL/ 22 M PP 295 R A A A A 5 5
A7 g T S 30 P UK R A A 3 TR L R R A R M s T
HEN S — AR B, K A R A& Ay
TR TEZ 05 N by B R aE A PR o S R L R
U5 PR b B B D T L R A B B, DR
TRk 35 R 2 B R U Ak B R R R
Mol 2 5 Lz s Re e el £ 4 . SATF AR
o UL DA S R 3 5 HL IR I 2 32 a2
T RE ], 24 M2 I B K #1200 CH Ji i 2 A A
TN . EBRFEMAMRBIT R F &L bW, =
B 20 A S 2 BE AR 45 (200 Ma) (81 9). I,
TF 5% DXCKT 52 2 iy 9ol 7 D6 9l 24 A & A E RO X35
F 3 6 THZ 00, KT 5% 466 )2 BRI 7 43 A6 T L F R
I by 30 R 1 A

J I 7E 8 4 B0 T T LR SR AR g J2 1A U
H OB R, L 50 o8 e SR KLY A A 8 0.444 5
R AR 0.555 4 t [ AR W7 5 %R H, 1 em? J53H 58
A R f ] P72 A2 531.306 cm® K AR 1 0.366 3 em’ 1)
AR 5T (PNEE A, 2007 ). BRI, iy 3 9 o i3l A0 1A
FRAE T [ A 5 5 AR & 2 B L 0.366 3. #7 LR 4R &
T A So="70% 1 kv i 8% 75 7l 1 A1 T R A
HECPNER A, 2007 ) XoF i i s A7 1R 1), )
,/0.366 3

o T @,

X H 2 Bod b ol T S 94 RN 5 o) S AR
o MERARFLIE .

AT 2 36 T ) IS AR AR - A I
TR E KT 25.641% (25 25%). BLobh, ZEFF %

(6)

Boi =

http://www.cnki.net



528 HiERFL#  hitp://www.earth-science.net

i 48 &

P10 BIFSE DCAT 52 21 ol 1 61 T A 4]

Fig.10 Plane distribution of Dengying Formation paleo-oil reservoirs in the study area
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Table 3 Accumulated thickness of paleo-oil reservoirs of

Dengying Formation reservoir

PARDA JA Sl il 2R (m)
PTI1 *T B 240
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Table 4 Estimation of the scale of Paleo-oil reservoirs and the content of Oil-cracking gas in the study area
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