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Abstract: Combined with the history of burial evolution, organic matter thermal evolution and hydrocarbon charge, genetic

mechanisms of the sandstones reservoirs in the Permian of Koucun buried hill were investigated , based on a series of analyses
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including core observation, thin section examination, cathode luminescence analysis, scanning electron microscopy, fluid in-

clusions, carbon and oxygen isotope, hydrogen and oxygen isotopes, mercury penetration, porosity-permeability test. The re-

sults show that the reservoirs in the Permian of Koucun buried hills are characterized by a high compositional maturity and a

relatively high textural maturity, and the porosity types are mainly secondary pores. Under the control of tectonic movements

the diagenetic sequence includes successive compaction, early siderite cementation, early feldspar dissolution accompanied

by authigenic kaolinite precipitation, late feldspar dissolution accompanied by quartz overgrowth and authigenic kaolinite pre-

cipitation, and late carbonate cementation. High quality sandstones reservoirs are controlled by multiple factors. Medium-

coarse sandstone of high maturity made up the favorable material foundation of reservoirs, multi-stage dissolution is the key

element to form reservoirs, and weak compaction after dissolution effectively preserved the secondary pores. The formation

water flew under gravity, and differentiated the physical property of the reservoir. As a result, the areas of dissolution, tran-

sition and precipitation are located from the top of buried hill to the hillside successively.

Keywords: genetic mechanisms; diagenesis; sandstones reservoirs; Permian; Dagang exploration area
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- 14 - PEEHKFFRARZHAFIR) 2022 4 A
HZE | GR/API|y RT/(Q'm)|,
I R[]0 20 T it
.
j% ] R *E
mﬁ I
3
N 2
?
T KM |41 |
K HE _ .
JEKHE B o)
=|F
¥
L7 ke /i
¥ gl
EE“,i&E’ Ay e & Ui
< - B
o 17 -
FEd| 13
. =1 1 #1120 —
#1131 P
-%E’g ?:ugo [e) [? ,E
JT H T .
AL b ?uwmo ?u3- #
130424 0 o it —
Rk 11411132 =
38-16 Al 7 i
*ﬂléﬁ4 2 % o
30 ¢u243g?16?u11%n132¢u1 136 38-163 L5 & F I A
Ne [[omn] [ O] [
Ll NE R g e S H R B 5 X 7 24
Elgﬁﬁw : ] e
g — | s I oo
&ZOES ] TS SHAETRDE BEE
Mz / | b - —
24 M A RAE KA
B 1 #ELEEISEAE ISR TR it R
Fig.1 Tectonic location, tectonic characteristics and sedimentary strata of Koucun buried hill
QS
2 mEws
= c [rp|1] 1| x [ENQ )
i} 18]/ Ma 300 200 100 0 WRKADE « WA BYE
Wi | T s My [EohAE
T, .
30°C N\
N
E1000p  40C d&@
i1 =0 C Q
® 60 °C IS
%2000 70°C E ZE
A B
3000 § ||12|5‘E|‘|||||||0
0 25 50 75 100
o (BB /%

3 IMABLUE _EREEERALEER
Fig.3 Rock type diagram of reservoirs in

Permian of Koucun buried hill



%46k B2 E0RUTRU I o

KABR R Jo Aol o = &

BRI 28 bk 2 A% B AL - 15 -

2.2 FEETEIRYIELFE
GEitFnat b X 2R S YR, B X Ak
JZFLBRE A 3% ~20. 3% , FHFLERE N 13.07% ,
FRFLBREE R 15% ~ 25% WIGEEE 2 LR 42. 27% , £
BREE R 10% ~ 15% IR EE 2 LLFI R 31. 71% ;B 1E %
F7(0.05~1270) x 107 pum?, 3155 % Ny 92. 98 %
107 um’®, B E R AT 100107 wm® HIGEHEZE
FeAil R 20. 69% , 535 % K (10~ 100) x 107 pum® A9

B R B RAL TR )Z

XFHIR X =8 R AV EA )2 50 RERE S AL
BRRRGE T BoR , RS IR X IANE I & 2662
f»%% S AR AL 3 AR LB Rk &, A

A ST L (B 5 (a) ~ (e) ) o IRAEFLER

33%@%%&5% ERFLBR KK AR fLAE, H
FRoRzIR]FLBR 5 B AL BR A 91. 04% , ki N FLER o B AL
iy 4. 54% AL 4. 429% (B 5(1) ) .

G2 LN 27.59% (F 4) . BILA] I, W5 X —
10%f 60r ke 30126
41.46
10°F s L
S .. J’.‘
« 102 E ° 0. _o o*
g . °,
f?i ® e }'? L
=) 0
; 10! . p 0 5 10 15 20 25
B . o - FLBREE/%
iig & Y XY o:. -ﬁﬁ:ﬁﬁllG
0%t O
. o® o o =40}
[ ~. L4 :'0 3 . JQE- 29.31 27.59
10” TN o0, ool 16.38 18.10
) 6.03 555
10 0 5 10 15 20 25 00.01 0.1 1 10 100 1000 >1000
FLBREE/ % BIERE/10 um’
4 —ERMEEDMESRIFE

Fig. 4 Distribution characteristics of physwal properties of reservoirs in Permian
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Fig. 11 Vertical distribution characteristics of porosity, permeability and salinity of pore water
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4.2 REREEHELENX

ifh )2 B A B P i 2% R4 TR R e A e B
Z W A - B0 KR K g 2 TR S
AT B o IR RS AR AR A A i ™= ) P It J 2 3 s 4
TR MR AR, A UL B I T 4
FIHLIX =5 R AE 2T B fh i AR X (8 15) .
OWIRTTRER B, — & R ZE 3000 m, F3 =&
7;Q=F e, 2% —WIRE T, fok X
CERARBEKEHT, LE SRR B RO TIE
M Z R, A AR IR R I B Z KA Y
KAKIRIENE T, KR PEAAE 2 X AT E 213
EATER b T B AL B, 76 322 T2 B0k 8 5 iy
k=Y T8 QR P i 1, M 2 Bk DTRE
CERAUEERY REAERMZ, S R
£ 2000 m, M BB TR R BE /N TR DR, kg e
B TR AR FLBR A 2858 B SE A5 DU SR AE ; D 2

LRI IE LR — IR T FIR KR G2 B W
M ZAURE, W LR R, T L TOUAR rp AR R 5 4R i, L
A BT AR R R, RABROK R IE RS R I 7E 5
FIVEF N TR [ S8l , A e i e o = R A Y
VI RE T B RS , IR VA T AL B B TR 4
JE MR AR 5T B T B B T 2 | Bis 7 B 1Y
SEI, MK R i ™ ) DT o T
it I By, AR — R sh i A e
AT SR A AT Y DTRE T s Qi 2R R
PRV, — 8 R E 2000 m, T R HHEE %
Trhagrdawkz b, BrkU, &R MWK
YT 14 2% 5 R ok A0 ORI K R BEAE TR 1 T R
AV AL, T 30 79 U J22 9T s R 32 8 o o 4 Tk
UURE AT T S =S ], B 4R X i)
TR M A X e 2 AR B B B TN A —
i 4 0



+22 - T E AR FR(ARAFIR) 2022 %4 A
e HUH = B R 00 2 R A M
IR IR :
HIHE TR R
c :
Voo ST ORmER Kk
H— Rt . / J R
REWB | p [T AT I e o
o M s
J-Kyi -
/SN I ) R
C |
RN xR
Kok-ER S Y . i
P S
4 38 36 F+- C
IR T ot
M B s
WhUE VAR ‘
124 #138-16 #1132
A AL
AR T
B
[~ [ | [F77] | fsisdmfE A FmaH AN
FEE T 2 KEABN | s
| | | | | | P8 S A
WIEWE RS MR R YLVE T
| | [N (2411141132 ‘
HHLRE W ALERRME  ILRAICO, e o i
R e N el B I+ 2 #
B15 —ERARHBELEENX
Fig. 15 Genetic model of high quality reservoirs in Permian
5 = @B PR T 46 T3 08 I8 DR AR 7K T U B 35 1okt 7
=A

(1) k8 iy — B R AU il J2 o 1

JEE R A HA AR R i i s 1) AR A ] L
LR AL 32, )2 A EE A E TP A A 1, K
AR A RS 2 A | A A e
PN RS N LT e N e (SR

(2) Uk st X B 28 iy T 3 i sl )= 4 T

o TR P TR RO A R AT T
FERE M EEET T 5 BB, o RSk
TSR £ 100 45 A 32 28 2 A e 7 300 1R B Bt

ATLTE , 0T 48038 Bt 2 2 % 1 o — 01 Ok PR R i
ZEEH

(3)PLBhk = 19 A 7 3 20 B DR 4 ],
o (Y AL A U SERE T 3, DRAT AL LI, PIIBIR
SIRIKIPETE IR UL LB L Bt )= 4 1 ok
B, JE SRR BV, A AU T BRI

(4) Z WM IR THE R T R TIRAHIE, 1=
KA IAVE IR B et 1 ab P A Y
PRI S LT T LTS 1) 3K U B AR R
A o S DORET



a6k F2M

FNE S KORIR K do B L

=& RARSUE 2 kR R B AL - 23 -

S Xk
(1] WA, B A, AL 55 45 SRR 2 1 4 b R AR Ut

(2]

(3]

[4]

(5]

(6]

FRARAE GEURIE S B T 1 [] . RIR A ER B,
2018,29(10) :1465-1474.

YAO Jingli, HU Xinyou, FAN Liyong, et al. The geolog-
ical conditions, resource potential and exploration direc-
tion of natural gas in Ordos Basin[ J]. Natural Gas Geo-
science,2018,29(10) :1465-1474.

e XHE 5. SR 2 M B B SR IT R E
BERRLREELT]. E TR ,2012,14(6)
40-48.

YANG Hua, LIU Xinshe, YANG Yong. Status and pros-
pects of tight gas exploration and development in the Or-
dos Basin [ J]. Engineering Sciences, 2012, 14 (6) .
40-48.

R, ERERT | 10 A5, S5, TR AR M X Ly AR Sk
SEAVBUR D TR AR A S R A [ 0] B R
42,2016,35(3) :180-185.

PENG Weilong, PANG Xionggi, XIANG Caifu, et al.
Conditions and process of continous tight sandstone gas
accumulation of the Upper Paleozoic in Sulige Area[]].
Geological Science and Technology Information,2016,35
(3):180-185.

L, AR, T, A O R A B R = AR Y
RIS DURRES A4 1 A DU 22 38 43 i DR BH < T
TERFRWVEH U WEBABIL)]. A SRR,
2021,42(5) :1136-1158.

LI Jinbu, WANG Jiping, WANG Long, et al. Paleogeo-
morphologic restoration and its controlling effect on depo-
sition of delta-front sand bodies: a case study of Shan 1°
sub-member of the Permian Shanxi Formation, Qingyang
gas field, Ordos Basin[J]. Oil & Gas Geology,2021,42
(5):1136-1158.

ke, LR A A - R A BRI S E
HSEHERZX AN [D]. F 5 Bk (e
ZR) ,2009.

ZHANG Liang. Study on the reservoir-forming process
and exploration directions of coal-derived oil and gas from
the Permo-Carboniferous in the North of Jizhong Depres-
sion [ D]. Qingdao; China University of Petroleum ( East
China) , 2009.

A R A, RO, A IS I T A R R -
B Z R R R AE RS g A3 BT [ ) ] Ml B 27 3
2009,83(6) :861-867.

JIN Qiang, SONG Guoqi, LIANG Hongbin, et al. Char-
acteristics of Carboniferous-Permian coal-derived gas in

the Bohai Bay Basin and their implication to exploration

(7]

(8]

(9]

[10]

[(11]

[12]

(13]

[14]

potential [ J ].
861-867.
FRIE A, X . BF BB A - — & RBUR D
HB A5 AR [T ], A7 il R AR I,
2014,36(10) :50-54,5.

HAN Sijie, SANG Shuxun, LIU Wei. Formation condi-

Acta Geologica Sinica, 2009, 83 (6):

tions and hydrocarbon accumulation patterns of tight sand-
stonegas reservoir of Permo-Carboniferous in Jiyang de-
pression [ J]. Journal of Oil and Gas Technology, 2014,
36(10) :50-54,5.
RPSEB Ik AR 75 A B S -8 102 Bl U R IX
A IR R R AE R L], A 52 i, 2016, 37
(sup2) :19-30.
FU Lixin, LOU Da, LI Hongjun, et al. Control effect of
Indosinian-Yanshan movement on the formation of buried
hill in Dagang exploration area[ J]. Acta Petrolei Sinica,
2016,37(sup2) :19-30.
IRV I STRLY - oTviie 3 s g m N LI LSRR VAR R (A VAR BT
L SRR A K il R 1 (1], KRR BB
2010,21(4) :559-565.
FU Lixin, LOU Da, FENG Jianyuan, et al. Geologic fea-
tures and hydrocarbon exploration potential of middle and
low-buried hill in Qikou Sag[ J]. Natural Gas Geoscience,
2010,21(4) :559-565.
PR, LR B BF. B B R R IX R o A
PRI RER 7 T8 L1 22 S A S A i 2 A [ ] A ik
5 RIS T, 2021 ,42(3) :673-689.
CHENG Xin, ZHOU Lihong, CAO Yingchang, et al.
Differential evolution and origin of high-quality reservoirs
in the Lower Paleozoic carbonate buried hills in Dagang
prospecting area, Huanghua Depression[ J]. Oil & Gas
Geology, 2021,42(3) :673-689.
erb, BRHERE, BRAk AR, 45, R IX bt A= FLOTAR
BIE S Z (1], ERBl 2%, 2017, 42 (11) ;
2055-2068.
HOU Zhongshuai, CHEN Shiyue, YAN Jihua, et al.
Sedimentary characteristics and control factors of Upper
Paleozoic in Dagang exploration area [ J]. Earth Sci-
ence, 2017,42(11) :2055-2068.
L RUKE (T 21, e T A, 4. i AR E AR A7 9 %
SRTATAILARHE (SY/T5477-2003 ) , i v o B BER
Gr[S]. Auat: AT Tll th A, 20031 1-5.
BEARD D C, WEYL P K. Influence of texture on po-
rosity and permeability of unconsolidated sand [ J].
AAPG Bulletin, 1973, 57(2) . 349-369.
BB, AR, R W, 55 AN TRIAG 3 7 57 AR Uk
JERCEAE ] B AL BRI £ [T ] A7l R AR
J5i,2005,26(6) :746-753.



.24 .

T E LK FFR(ARFFIR)

2022 %4 A

[15]

[16]

[17]

[18]

[19]

[20]

LIU Chenglin,ZHU Xiaomin,ZHU Yuxin,et al. Charac-
teristics of diagenesis and pore evolution of gas reservoirs
formed in different tectonic settings[ J]. Oil & Gas Ge-
ology,2005,26(6) :746-753.

BTy TSR BRI A5 RS 4 M B e B —
TR A R R RAE SOSCAERILT] . RO ER
Bh2#,2018,29(11) ;1595-1606.

JIN Zihao, ZHOU Lihong, CAO Yingchang, et al. Res-
ervoir properties and diagenesis of Permian sandstones in
Huanghua depression, Bohai Bay Basin [ J]. Natural
Gas Geoscience, 2018,29(11) :1595-1606.

PR T I U, S T2 AR AR R K T
FLEHy B AU 5 5 T [T ] A R 50T A&
2017,44(3) :359-369.

GAO Zhiyong, FENG Jiarui, CUI Jinggang, et al.
Physical simulation and quantitative calculation of in-
creased feldspar dissolution pores in deep reservoirs[ J].
Petroleum Exploration and Development, 2017,44(3) .
359-369.

ARG TREILED, EAL, S5 TR R R BB
it S 2 K B LB DL it 15 G 3 B PR MR A il [ ],
AR S TT & ,2018,45(2) :247-254.

JIN Fengming, ZHANG Kaixun, WANG Quan, et al.
Formation mechanisms of good-quality clastic reservoirs
in deep formation in rifted basin: a case study of Raoy-
ang sag in Bohai Bay Basin, East China[J]. Petroleum
Exploration and Development, 2018,45(2) :247-254.
TREBL EEO SRR, 5. RARROKTERR S A IR R
FLBFIPERILT ] HUBPFIE,2014,60( 1) - 145-158.
DING Xiaoqi, HAN Meimei, ZHANG Shaonan, et al.
Roles of meteoric water on secondary porosity of silici-
clastic reservoirs[ J]. Geological Review, 2014,60(1) .
145-158.

WLOCHE BRI BT BR A5 S il A R IR Z
RS R AL ORI [ ], RIR R,
2015,26(1) .28-42.

YUAN Guanghui, CAO Yingchang, JIA Zhenzhen, et
al. Research progress on anomalously high porosity
zones in deeply buried clastic reservoirs in petroliferous
basin [ J ]. Natural Gas Geoscience, 2015, 26 (1):
28-42.

PORRRE, ARAR B, E 404, b R 2 A0 BT e )8 2 ikt )2
FAESTE AL [J]. P E R (D 3. skt
2#),2008,38 (44 1) . 11-18.

ZHONG Dakang, ZHU Xiaomin, WANG Hongjun.

Characteristics and genetic mechanism of deep-buried

[21]

(22]

(23]

[24]

[25]

[26]

[27]

clastic reservoir in China [ J]. Science in China Series
D. Earth Sciences, 2008,38( supl) :11-18.

EHE B WO, S NG S [E] 25 5 R
IR T] . KAL) 3 5 2%, 2006 ( 3) :326-330.
WANG Yanzhong, CAO Yingchang, WANG Shuping,
et al. Advances in research of spatial structures of un-
conformity [ J ]. Geotectonica et Metallogenia, 2006
(3) :326-330.

ARARE, IR AL, SE. TR A KU T S5 K Sl ]
MR LY. P E B M ERB 5, 2014, 44 (12)
2652-2664.

70U Caineng, HOU Lianhua, YANG Fan, et al. Struc-
ture of weathered clastic crust and its petroleum potential
[J]. Science China: Earth Sciences, 2014,44(12):
2652-2664.

IR T T TERN Y. 25 110 FRE 8 Ak = ek
ARSI RS [ ], A M BT 5 2R IR 2005, 12
(5) :16-20.

QIU Longwei, HOU Lixin, WANG Lifang. A study on
the zoning of hypergenesis of physical propertiesof clastic
reservoir in Cheng 110 block [ J]. Petroleum Geology
and Recovery Efficiency, 2005,12(5) ;16-20.

PO RIS, B E A KA A A T AL RTE R
HUER[J]. Al 5 KR A H BT, 2005, 26 (2) : 93-
96,102.

LI Wenguo, ZHANG Xiaopeng, ZHONG Yumei. For-
mation mechanism of secondary dissolved pores in feld-
spar sandstone [ J]. Geology of Oil and Gas, 2005, 26
(2):93-96,102.

TR R TG, 5. R ORRE X A0 ¥ i S
FLBON B FZ e [ 7], H A K e 4 (A AR
fR) ,2021,45(5) :33-41.

LI Meirong, SONG Laidi, YU Haipeng, et al. Influence
of pH value on feldspar dissolution and pore-increasing
effect [ J]. Journal of China University of Petroleum ( E-
dition of Natural Science) , 2021,45(5) ;33-41.
AUGUSTIN D, BECHIR M, TORSTEN V, et al. Mixed
hydrothermal and meteoric fluids evidenced by unusual
H- and O- isotope compositions of kaolinite-halloysite in
the Fe(-Mn) Tamra deposit ( Nefza district, NW Tuni-
sia) [J]. Applied Clay Science, 2018,163.33-45.
SHEPPARD S M F, GILG H A. Stable isotope geochem-
istry of clay minerasl [ J]. Clay Minerals, 1996, 31.

1-24.

S

(% 15R%E)



