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Geologic Model Quantification and Characterization for
Volcanic Reservoir of the Yingcheng Formation in Songliao Basin
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1. College of Earth Sciences, Jilin University, Changchun 130061, China
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Abstract: Here reservoir geologic model refers to the spatial distribution characteristics of lithology,
lithofacies and porosity & permeability for reservoir volcanic rocks. Field sections and two drilling wells
are studied in detail here, reservoir units are divided and compared, and thus the volcanic reservoirs of
the area are finally quantified and characterized. Volcanic facies sequence in the area under study is main-
ly effusive facies— explosive facies— effusive facies & extrusive facies— volcanic sedimentary facies—
explosive facies— volcanic conduit facies & effusive facies. Explosive facies and effusive facies are of the
largest scales, with lateral ranging of some subfacies from 400 m to 4 000 m and thickness of a single
lay er ranging from 2 m to 130 m. Volcanic conduit facies, extrusive facies and volcanic sedimentary faci-

es are smaller, lateral range is from 110 m to 1 500 m and thickness of single layer is from 3m to 85 m.
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According to volcanic reservoir classifying standards, the lower member of the Yingcheng Formation is
the first and third grade, the 1st member is the first and second grade, with the fourth grade, the 2nd
member is the first grade, and the 3rd member is interbedded by the first, second and third grades with
thin layers of the fourth grade. The upper subfacies, volcanic neck subfacies and inner subfacies are the
best volcanic reservoirs. The lower subfacies and hydrothermal breccias subfacies are better volcanic res-
ervoirs, the explosive facies is middle, and the middle subfacies and volcanic sedimentary facies are bad
volcanic reservoirs. Porosity and permeability of volcanic lavas would be slightly affected by their buried
depth, while pyroclastic rocks would be getting worse with increasing buried depth. V olcanic rocks with
low porosity and low permeability would be affected little by their buried depth.

Key words: Songliao Basin; Yingcheng Formation; volcanic reservoir; outcrop; lithofacies model;

reservoir model
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Table 1 The outspread rang and thickness of different volcanic facies of Yingcheng Formation
/m /m /m /m /m /m /m / m
\% Vs / / / / / / / / / / 800 700 20 3 3 / / / / /
V., / / / / / / / / / / 1100 850 60 10 3 / / / / /
\ / / / / / 1500 1300 7 3 3 800 600 10 6 2 / / /S
v v, / / / / / 600 450 85 35 1 / / / / / / / / / /
m 1k 3500 3500 30 7 1 2500 1300 76 18 2 / / /S 700 400 25 3 7
1L / / / / /2400 1700 130 10 3 / / / / / / / / / /
I, 3500 3500 14 2 1 2700 1400 40 15 2 / / / / / 1000 500 45 10 3
Il II; 3500 3500 36 27 1 4000 3500 130 20 3 900 550 15 6 2 / / /)
1T, / / // / 4000 1000 40 2 3 850 800 40 30 1 200 150 6 2 1
I I / / / / / / / / / / / / / / / 800 400 35 3
I, / / / / / / / / / / / / / / / 110 110 35 35 1
I, / / /S 250 200 5 3 1 / / / / / 1000 400 70 6 3
1. 1 , 1o > 1. ; 11 0. , s ; 1M1
111, . , 1. , L. ; IV. : Vi, 3 V. : V. , Vo
» V.
C 2 ) ,
) - g — 450 ~600 m, 35 ~85 m.
: - -+ :
Y > > - : 600 ~
. 1500 m, 3 ~10 m;
2.3 . 850 ~1 100 m, 10 ~ 60 m;
37 700 ~ 800 m,
, 3~20 m.,
s / 3
, 1 .
: 3.1
400 ~1 000 m, 6~ 70 m;
110 m, 35 m; 1 .
400 ~ 800 m, 3~35m. ,
. . : s
. 800 ~4 000 m, ) .
2~40m ; . . .
550 ~4 000 m, 6~ 130 m. ) N / .
. N . . CoreDBM S
: 500 ~3 500 m, )
2~45m; 1 700 ~2 400 m, C 3),
10 ~ 130 m; 400 ~ .
3500 m, 3~76 m. .
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Table 2  Correlation between lithology and lithofacies and reservoir features of member lowes member 1 of Yingcheng Forma-
tion
( )@
/
" /% /10731m?
/% /1073m?
1 Kpy! 0~ 10. 54 0.35 19 Il 9.33 0.45 27 |
33.5
2 Kpy! 33.5~ 8.78 0.02 5 v 3.71 0.03 19 it
52.8
3 Kpp!' 52.8~ +  19.90 0. 05 1 I 2.33 0.35 3 il
67. 45
4 Kiy' 67.45~ 14. 55 0.12 4 Il 9.47 0.19 25 Il
78. 4 /
5 Kpy!' 78.4~ 17. 46 0. 84 21 I 7.45 0.13 45 I
133.7 C
6 Kipy' 133.7~ 17. 45 0.02 4 i 4.55 0.18 2 I
138.55
7 Kipy!' 138.55~ 18. 82 0. 85 6 I 3.73 0.07 12 v

155.25
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2
( D
/m
/% /10-3¢m2
/% /10730 m2
8 Kyy! 155.25~ 2.30 0.02 v 4.55 0.18 2 I
158.3
9 Kpy! 158.3~ 22.46 3.08 1 7.45 0.13 45 1I
171.8
10 Ky 171. 8~ 15. 46 0.07 I 5.92 0.11 11 I
182.8
11 Ky 182. 8~ 15. 10 0.77 I 4.20 0.03 1 \Y
198. 5
12 Ky 198.5~ . + 18.08 0. 04 I / / / 11
207. 1
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3 .

Table3  Correlation between litholagy and lithofacies and reservoir features of member 2, member 3 of Yingcheng Formation

( YO
/m _
/% / 10—3Mm?2
/Y% /1073 m2
1 Kyp? 0~6.2 20. 40 0. 83 1 1 6. 68 0.09 6 I
2 Kyl 6.2~ 17. 65 0.43 4 1 / / / I
14.2
3 Kypy? 14.2~ 21.58 0. 80 6 I / / /
25.4
4 K3 25.4-~ + 11. 17 0.08 6 I 10. 40 0.06 3 I
37.9
5 K3 37.9~ 19. 37 0.18 3 1 / / / I
45.9
6 Kiy3 45.9~67 4. 83 0.78 10 I 10. 40 0.06 3 I
7 K3 67~ + 18.78 0.16 12 1 / / / I
91.5
8 Kly3 91.5~ + 10. 23 0.39 6 I 10. 40 0.06 3 11
106. 25
9 Kly3 106. 25 ~ 9.70 0. 04 1 IV 3. 60 0.01 1 IV
110. 35
10 Kyy3 110.35~ 19. 95 0. 14 6 I / / / I
118. 85
11 Kyp3 118.85~ 17.57 0.18 3 I 3.60 0.01 1 v
124. 85
12 Kiy3 124.85~ 25.45 0.52 6 I / / / I
133.9
13 Kyy3 133.9~ 24. 67 0.71 3 I / / / I
140
4 K3 140~ 28. 60 0.31 6 I / / / I
151. 45
15 Kiy?® 151.45~ 11. 30 0. 08 1 I / / / I
153.25
16 Kiy® 153.25~ 23. 80 0. 88 1 I 3.60 0.01 1 v
156. 75
17 Kyy3 156.75~ 21.97 0. 28 6 I / / / I
168. 25
18 Kiy3 168.25~ 4. 06 1. 05 5 I 10. 40 0.06 3 il
179.5
19 K3 179.5~ 2.86 0.45 7 il 3. 60 0.01 1 v
205.7
20 Kijpy? 205.7~ +  19.89 1.23 7 1 7.45 0.13 45 11
220.9
21 Kyy?2 220.9-~ 20. 43 0. 86 4 1 4.55 0.18 2 11
229. 05
2 Kijy? 229.05~ 16.75 0.23 2 1 3.73 0.07 12 v
234. 85
23 Kip? 234.85~ 21.97 1.23 3 I 4.55 0.18 2 il
240
24 K1y2 240~ 18. 63 0.12 4 1 3.73 0.07 12 IV
254. 45
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Table 4 Correlation of volcanic reservoir between porosity, permeability and buried depth in Songliao Basin
/% /1073 m?
/m
DI1. D1 0~207.1 120 34.80 . 30 14.76 16. 10 0. 01 0. 60
( ) ( )
24 2890~ 4 261 144 24.60 .20 8.34 12. 80 0.01 0.43
( ) ( )
/ 1.41 .50 1.77 1. 26 1. 00 1. 40
o 0.34 .40 0.55 0.23 0. 00 0.39
D1. D1 78.4~254.45 61 32.80 .20 18. 41 8.26 0. 01 0.93
( ) ( )
24 3005~4 190 55 9. 20 . 90 4. 66 0.78 0.01 0.09
( ) ( )
/ 3.57 .44 3.95 10. 59 1. 00 10.33
o 1.12 . 84 1.20 1. 66 0.00 1.57
T 0.5X ( + )
@y N N , I I
A K K b I b
b I b b o
4
K K
M
5 ) (D - -
. — N —
—> —|— —> —> —>
- + - : +
- , - - 2 N ’
. s 400 ~ 4 000 m, 2~130 m;
, - - N N ) 110
, ; ~1 500 m, 3~85 m.
, - . 3 I , .
? 3 I ’
. , | NN 1 N Y , IV ; [ ; I
, , I IV )
. I I [ .
, I I (4)



1242 ) 37
, . . [7 , , ,
, , . — 6 [n.
,» 2004, 26 (2). 37— 40.
(5; ’ c ’ LI Shao-hua, WANG Genchas ZHANG Chang-min,
200 m 3 000 m. et al. Methods for establishing reservoir geological
model—by taking Chang 6 section of Yanchang Forma-
1.77 1.40 . . oo
tion in Pingbei oilfield for example[ J]. Journal of
’ 200 m Jianghan Petroleum Institute, 2004 26(2). 37— 40.
3 000 m, [ 8§ , , . L.
3.95 . 10.33 . . . 2000, 7(4); 381 389.
o LI Chang-shan, CHEN Jiamwen YOU Jun et al.
( References); Study on volcanic reservoir modeling[ J] . Earth Science
Frontiers, 2000, 7(4). 381— 389.
[1 s s s [ M]. [9 Vande Graafe W J E, Ealeg P T. Geological modeling
» 1996: 323— 337. for simulation studies[ J]. AAPG, 1989 73(11).
WU Yuamryan XU Long, ZHANG Chang-min et al. 1436— 1444.
0Oil and gas reservoir geology[ M] . Beijing: Petroleum [ 10] Weber K J, Geuns L C Van. Framework for con-
Industry Press 1996. 323— 337. structing clastic reservoir simulation models [ J] .
[2 , , SPE, 1989 64: 109— 118.
[Jy. » 2000, 19(1): 10— 16. [ 11] , ,
LU Xiao-guang, WANG Defa JIANG Hong-fu. (). , 1994 16(4).403— 408.
Reservoir geologic model and random modeling tech- YAO Guang-qingg MA Zheng, ZHAO Yan-chao.
niquq J]. Petroleum Geology & Oilfield Development Measures on reservoir description corresponding with
in Daqing, 2000 19(D).10—16. the graduation of geological reservoir modelq J| . Ex-
[ 3 [n. » 1991, 12(4): 55 perimental Petroleum Geology, 1994 16(4). 403—
—62. 408.
QIU Yi-nan. Geological models of petroleum reservoir [ 12] [J. , 1995,
[ J]. Acta Petrolei Sinica, 1991, 12(4): 55— 62. 2(3/4): 221— 225.
[ 4 s , s — JIA Arlin. The steps of reservoir geological modeling
[ M]. » 1995: 1— [J]. Earth Science Frontiers 1995, 2(3/4). 221—
7. 225.
LIN Ke-xiangg ZHANG Chang-min, LEI Bian-jun et [ 13] s
al. Estabishing detailed reservoir geologic model by [J]]. , 1997, 43(3). 225—
ground and underground with the combination of 231.
ground surface and subsurface]l M] . Beijing: Petroleum YU Xing-hee WANG Defa. The architectural ele-
Industry Press 1995. 1—17. ments of the deltaic system in the terrestrial faulted
[ 5 s , , basin and the significance of its reservoir geological
[J. » 1998, 17(1): 67— 72. model[ J]. Geological Review, 1997, 43(3). 225—
ZHOU Jiangyw WU Chong-long MAO Xiao ping, 231.
et al. Overview about reservoir model and simulation [ 14 Damsleth E Tjolsen C B, Omre H. A tw o stage sto-
in petroliferous basin| J] . Geological Science and Tech- chastic model applied to North Sea reservoir[ J] .
nology Information, 1998, 17(1). 67— 72 Journal of Petroleum Geology, 1992, 44(4). 402—
[ 6 ) . 10 [J]. ] 408.
2000, 21(4): 101— 104. [ 15] ) , )

QIU Yinan JIA Ai-lin. Development of geological
reservoir modeling in past decade[ J] . Acta Petrolei

Sinjca, 2000, 21(4). 101—.104.

[J]. (
), 2007 37(6). 1110— 1123.
JIA Jun-tao, . WANG Pu-jun SHAO Rui

et al.



1243

[ 16]

[ 17]

[ 18]

Stratigraphical sequence and regional correlation of
Yingcheng Formation in the Southeast of Songliao Ba-
sin[ J] . Journal of Jilin University(Earth Science Edi-
tion), 2007 37(6). 1110—1123.

. [J]. (

), 2003 33(4).449— 456.
WANG Pu-jun, CHI Yuan-lin, LIU Wan-zhu, et al.
Volcanic facies of the Songliao Basin: classification,
characteristics and reservoir significance[ J]. Journal
of Jiliin University(Earth Science Edition), 2003 33
(4). 449— 456.

[ M] .
: » 2000: 64— 73.
MU Long-xin, JIA Arlin, CHEN Liang, et al. De
tailed research methods of reservoir—outcrop reser-
voir and modern sedimentation betw een domestic and
abroad and geological modelingl M]. Beijing: Petrole-
um Industry Press, 2000, 64— 73.

’ ’ ’

D1 [J. (
), 2007 37(6): 1192— 1202.

WU Yan-xiong WANG Pu-jun, QU Li-cai,

Detailed description of lithology, lithofacies and po-

et al.

[ 19]

[ 20]

rosity and permeability of the first and the lower
member of Yingcheng Formation: based on the latest
data of Ying—1D1 well cores in standard section| J] .
Journal of Jilin University ( Earth Science Edition),
2007 37(6): 1192— 1202.

] ’ ’

D1 [n. (
), 2007 37(6):1203— 1216.

MIN Fetrqgiongg WANG Pu-jun, YU Shi-quan et al.
Meticulous depiction of lithology, lithofacies and re-
servoir physical and property in the third & second
member of Yingcheng Formation—based on whole co-
ring Ying—3 D1 well drilled in the standard section
[ J] . Journal of Jilin University ( Earth Science Edi-
2007, 37(6): 1203—1216.

tion),

] ’ ]

LJ]-
( ), 2006, 36(5): 805—812.
WANG Pu-jun, WU Heyongs PANG Yan-ming et
al. Volcanic facies of the Songliao Basin: sequence,
model and the quantitative relationship with porosity
& permeability of the volcanic reservoirf J] . Journal
of Jilin University (Earth Science Edition), 2006, 36
(5):805— 812.



