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Abstract: The lower oil play, namely the 7th to 10th oil groups, of the Yanchang Formation in the Dingbian-Wugqi-
Zhidan-Ganquan-Fuxian area of northern Shaanxi within the Ordos Basin, has emerged as a key target for the exploration
of the Yanchang oilfield in recent years. In this study, we investigate this oil play by integrating observations of
approximately 2 115 meters of cores from 125 wells, grain-size data from more than 400 wells, and a systematic analysis
of logging facies. The results indicate that gravity-flow deposits are widely distributed across the 7th to 9th oil groups of
the Yanchang Formation (also referred to as the Chang 7—9 oil groups) in the study area. These deposits are dominated
by sandy debris-flow deposits, followed by turbidity-current deposits. The gravity-flow deposits exhibit excellent source

rock-reservoir-cap rock conditions and hold great potential for tight oil exploration, with possible petroleum initially-in-
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place (PIIP) estimated at about 2. 5 x 10° t. The type of source rock-reservoir-seal assemblages is identified as a major
factor controlling the accumulation and enrichment of tight oil in the Chang 7-9 oil groups in the study area, and theses
assemblages therein can be classified into four categories with a total of 11 specific types. The configurations featuring
reservoir interbedded with source rocks and vertically-stacked source and reservoir, among others, represent two most
favorable assemblage categories for tight oil accumulation. Moreover, new evaluation criteria for source rocks of the
Yanchang Formation in the Ordos Basin are established. These criteria highlight the predominance of excellent source
rocks across the Chang 7-9 oil groups in the study area. Within this interval, the Chang 7 oil group is recognized as
containing the most favorable source rocks, followed by the Chang 9 and Chang 8 oil groups. Furthermore, a new sweet
spot assessment method is proposed based on the grading of well production, and the analysis of enrichment factor (EF)
and associated geological controlling factors. China’ s hydrocarbon exploration paradigms are undergoing significant
shifts, with a shift from shallow-water deposits to deep-water gravity-flow deposits representing a major trend in the
hydrocarbon exploration of downwarped lacustrine basins. Specifically, gravity-flow deposits exhibit favorable
hydrocarbon accumulation conditions in downwarped lacustrine basins. Particularly, sandy debris-flow deposits exhibit
a larger scale, favorable physical properties, and better oil-bearing properties compared to the turbidity-current deposits,
establishing them as a major target for petroleum exploration and exploitation of deep-water gravity-flow deposits.

Key words: enrichment condition, exploration paradigm, gravity flow, tight oil, Yanchang Formation, downwarped

lacustrine basin, Ordos Basin
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Fig. 1 Map showing the structural unit division (a) and composite stratigraphic column of the Yanchang Formation (b) in the Ordos Basin
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Fig. 2 Core photos showing gravity-flow deposits in the Chang 7-9 oil groups, Dingbian—Fuxian area, Ordos Basin
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Fig. 3 Characteristics of grain-size cumulative probability curves of sandy debris-flow deposits (a) and turbidity-current deposits (b) in the

Chang 7-9 oil groups, Dingbian—Fuxian area, Ordos Basin



%5 BRI, A SRR Z M A B X = RAE R A 7— K 92 A i TR I s AR S G ) 1373
10 000 10 000 10 000
a b c
- K7
1000 1000 1000
£ g g
= = =
O ) O
100 - 100 100
10 10 : : 10 : : :
1 10 000 1 10 100 1000 10 000 1 10 100 1000 10 000
M/um M/um
10 000 10 000 10 000
d e f s
K7 . oﬁi%ﬁﬁﬁfvﬁyﬁﬁﬁ .
ERLIE/ NI A o '
1000 * 1000 1000
g El g
[§] S S
100 - 100 100 -
10 10 10 f " L
1 10 100 1000 10 000 1 10 100 1000 10 000 1 10 100 1000 10 000
M/um M/um M/pm

Fl4  SPRZH A HE L — T B XK 7— K ORI LR C-M
Fig. 4 C-M diagrams of gravity-flow deposits in the Chang 7-9 oil groups, Dingbian—Fuxian area, Ordos Basin
a—e. PAAED S GEPE CHR AN E B XCE Ty RIIER C-M &L f. W b XD SR R R U L
NO Bt . R8Iz ; OP B . IRENIRIZ N 3 A B iz s PQ B . Bidiltia £, D EREMRIZ s QR B . B8 BIR DI RS B . AT BT, T X 2251
DUB DK iR X #iAGRIFIIR; €. R0 RE AP AR 2 1 J0RL % B 1% A X o7 FREAR s M. R AR T £ ABURE &5 4k 50% Ab X B iy ki

300. 0 pwm) , HA43 Hi X 7 40. 0 ~ 200. Opwm., € {E Al
MAEATF € = MIEEL M AR, AR 5250
1A B PE DU (QS Bo) AL, (HH: C (B AN MAE 7S AL 2
WK, B S UTARTE C-M B P i ph A R AE T
AN R TR B DU C {ELFN M B K T R iR,
B B E 5k 226. 8 wm A1 115. 3 wm, J5 & )
39k 156. 8 m F180. 7 wm , 3X 55 0 J5T A4 S I DT AL
PSSR T i DOR A R A — 35

2.1.2 EhRARGH>H

LR D WLEE ORLBE 23 B 0 H A A B R A/ L
Bl gt 7R XA 7— K 9 Z HTIRAMIE (K 5)
AT RUA Y BRE DAL R4 SR L X B A AT
RO, 25002 20 v R AR R (LR R ) 34932 5%
i A0 L F AL

K OMMZA TR, WAL Toria Y kil , 245
W DA ORI, W G sKas B e o I IR
HFGEPH X e K H o AR TR ELEPELE . RE
Al i DX LA =y i Gk DURR O 1A DX 0 ] g
R = A AT B8 100 R - v R )R Bt -5 9T 11 SR
R RS U . R CH R A B Xk k&

TR I ARG, LA/ NI G Bt HE LR 32 (18] 5a) .

1K 8 VMIZ LTI, 1 259 ok R | 1k HH = A
DT g hin, PR 812 I A b4 S A A 4 82
EAEE (K Sh) . &K 8 ilZWAH TR, bR it
TATS AT SE A3 A0 0 — M N ET A AR 40, HAR b IX R
Z R B /NN SR R K 8 Z A& LU E i
A6 SR IS X i A, B K AE
FAARREE . Fo g A S SR vE AL T AR JE A
PHETZRITRR, 3Pt DX U0 Ay 8 335 B AT g R Y T
DURL, PG AL ER A o] REAAAE = AN AT U . Hoft kb
DX A3 H0 ) NS ATE Sy 32 s BB %) 5 ) i AR

1 790 )2 A DT R 0 A 5K Y 5 BRI, Ferp
K 792 4Lk M T DB 3 T A K 4 A R
RE, LR E FIRII - 0L 3 iR &k B i
255 7RI 702 W W) )72 & 7 DU D
R 5e) o X3 B, 72 R 7" )2 020 18 J5S b TR
FEIG T D GBS H R AE B X, AR R AR
PG A SRR L T o X AN 207 B e AL
EY YR | 8 N U g S ] 11 Ny £ I 2 YT 2
KSR AT 53 1 X34 R FUBL /N RS 537 ()3
VR 3 A



1374 £S5 KRR R

IR TE ] 10

BT A EMRE SRR B R

SR EE

K5 SRZHEHE I — S IX K 7T— K 9 i E A PTARAH
Fig. 5 Maps showing the distributions of sedimentary facies in the Chang 7-9 oil groups, Dingbian—Fuxian area, Ordos Basin
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R4 3 000 AR GE T A5 SR (3R 1; 18l 6) 5T
XA 7 IHZ D R TR BB AR . FLBRE 3
BT 4. 00% ~ 10. 00%, FIHIE A 7. 85%; 1515
HALTF 0. 40 x 107 wm?, FHEIE R 0. 57 X 107 pum?, H11437
HR0.26 x 107 wm’ Horr & 7' 2 W40 Y M e dr
FL BB S ¥ (E N 8. 27%, B 5 R H{H M 0.61 x
107 pm?  FAEE K 0. 26 x 107 pum?; Hk H K 72002
TEZH , FLER S S4E S 7. 50%, 15 1% ST HH 4 0. 49 x
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S E 5 (0,70 X 107 m?) , 1M A {E AN 1 (0. 27
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Y K 6. 40% ~ 8.00%; 1B % 4r A T (0.01 ~
101.43) x 107 um®, *F-H{EH (0. 22 ~ 0.52) X1 07 pnr?,
A A (0. 12~ 0. 27) X 107 wm?, AHXS I 5, P HHLIX
GE Y, O X SR B B X, AR
HALBRIE Ry 22 X fe e CF- 3B R 8. 00%) , (HI535 571
(BR300, 29 X 107 wm?F10. 21 X 107 um?,

R1 BREFAMTL—EEHEK T HRAW SRR DI

Table 1 Statistics of the porosity and permeability of sandstone reservoirs in the Chang 7 oil group, Dingbian—Fuxian area,

Ordos Basin

K o FLBEE /% BEH/(107 pm®)
X A
FESANM L BIME IFON ;] T {H HAME BERAE FME S PNE] )M SRV
Eh K7 308 0. 60 24.70 6.70 6. 30 286 0.03 35.78 0.70 0.27
S K7 377 0.70 17. 80 7.00 6. 80 336 0.02 49.39 0. 80 0.25
& K7 673 0.57 20. 20 7.82 7.80 628 0.01 23.38 0.53 0.30
iR K7 396 0. 65 21.90 7.50 7.25 374 0.02 66. 20 0.59 0.26
W K7 1843 0. 80 22.50 8. 40 8.20 1687 0.01 84. 44 0.45 0.35
7 7 . . .27 1 7 .01 . .61 .
K7 2270 0. 60 22.50 8.2 8. 10 209 0.0 84. 44 0.6 0.26
A K7 990 0.57 24.73 7.50 7.20 906 0.01 66. 20 0.49 0.26
> [X
k7 337 0.70 20.20 6.70 6. 60 308 0.02 24.75 0.49 0.22
7 7 .57 i 7. 7. 11 .01 . .57 .
IS 359 0.5 24.73 90 80 33 0.0 84. 44 0 0.26
30 50
a m K7, N=2258 b B K7, N=2097
B B K72 N=0983 40 B K7, N=906
20 B K7, N=334 B K7, N=308

S /%
>

10

TLEREZ/%

B I%

BEE/107 um?)

6 SRR HHE N — B 7 MR 4D 2 FLBUE () FIE 2 (b) 33 53 A B 5 4]

Fig. 6 Frequency histograms of the porosity (a) and permeability (b) of sandstone reservoirs in the Chang 7 oil group, Dinghian—Fuxian

area, Ordos Basin
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Table 2 Statistics of the porosity and permeability of sandstone reservoirs in the Chang 8 oil group, Dingbian—Fuxian area,

Ordos Basin

X FLERBE % \ BBER/(107 pum?) ‘ B
FeME HRAE A {E TE FeME RKRAE FEE LRIV

FE 2.0 13.5 6.5 6.2 0. 04 9.43 0. 44 0.27 372

Zii 0.5 12.8 6.4 6.5 0.01 2.24 0.22 0.14 104

s 0.9 16.9 7.8 8.4 0.02 21.90 0.45 0.27 765

R 0.5 14.5 7.2 7.0 0.01 101. 43 0.52 0.12 765

wHH 0.7 22.7 8.0 8.0 0.01 3.28 0.29 0.21 700

IR M XA 8 T2 A LB B 34 T 45 B 0 RT3
E K, 4 0.52 % 107 wm?, FALEAL 0. 12 X 107 wm?,
AR B BT 0 . S A o DX A 2 M R 2

3) K 92 i EFRE

K OB A 5K 8 A 724 AHRL, T2
Kaiha, HomaBRaws. Rk E K
9V Z A EARFAE 8 T BB A6 )= B H Y M Bk
WA TR 7K SMZE4L (£ 3) . WiE4 DX
1 600 4 AFE S P A 45 51 L K 9 T 2 4145 2 FLER
BE]0.20% ~ 17. 40%, F-¥E R 5. 50% ~ 9. 20%; 155
FO AT (0. 01 ~ 60.89) X 107 wm?, £~ X B (.
H(0.15 ~2.33) x 107 wm?, PAAE A (0. 11 ~ 0. 64) x
107 wm’s f#)ZPPE AR 7 PG I ARG . S S X Aif )2
it e, FLBRUE S YA T 3K 9. 20%, 1515 F V-2 (H A
FRAIE 2 R 2. 33 x 107 um?F10. 64 x 107 um?, 14
A X R HOR R AR L IX ;5 B XA 2 LB
FERB R EAR, LB P IHAL 5. 50% , 2% 511
TEAFAAES 3R 0. 15 X 107 pum® F10. 11 X 107 wm?,

2.2.2 HAEEL RAFHEE G 5 A 4R

ARG SRR S AR A SO 8 = 0 AR
= IR A REE ML E)= 426 T AR 6K
JZ SR AR TCARAT I R s SO AR TR Z
ZEMit )2 AR A I R (EALRE ™ AR i ORI T
Tk R bR B =R B6E)Z A RS2 HE RE

P IR AT AR A B 2 4 R B aE 7
e Tl A A8 o Tl i br AR 4l v R
IRAABRAN B IE ) (DZ/T 0217—2020) 3455 WF 58 IX.
SEBRAAE B0 YR 500 ~ 1 000 m i1 Z P2 Il A
0. 5 t/d, # % 1 000 ~ 2 000 m iH)Z A 1. Ot/d, HHPEE 2 000 ~
3000 myMZHR 2.5 ude EFm =il bniE, 5 AR IR
AN 1 DX AN ] 3L K S o i e 245 R

P XTI 7T XK 7—1K 9 43 2 EATRE A 2 Mt
ST T AN IR )2 B 22 % 2 VA R 2 W P T R R o
(7). Horp K 8hZ4 vk b F s, H2E )2 LB
FE T BRAE A 4. 0%, B3 2 T AN 0. 10 X 107 pum’;
AR LR T BRAE R 6. 0%, B3 R T IRAE K
0.15x 107 pm*(E 7b) . K 9IM)ZH ZMEZFLEE T
FRAEIR N 4. 0%, A R ZFLBREE T BRAE K 6. 0%, {H —
FHBERTRMEL N0, 10X 107 wm?*(E 7¢) . K7
MZH TR D (K 7a) , 2 K 8 ALK 9 W 2 it 2
T RRBRAE B0 K 7 2 A B 2 FLBRE T BRAE N
6. 0%, B EHR TR N 0. 10 x 107 um?; 2242 TR
R 5K 8 K 9 Z LA [R], 2 B AL B N FRAE N
4. 0%, 375N AR E 7 0. 10 X 107 pm’,

I8 E 7 A UGE TR Z FiR A dE— o (H
R B e e, T DU A XK T—1K 9 4%
TME A A R Z R OL RS2 & Rk, ok
8 TMIZ AT &2 AL B 2 o LLik 79. 3%, K 9 )2
5 ELik 85. 7%, K TIMEA LT e K. 540 %
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Table 3 Statistics of the porosity and permeability of sandstone reservoirs in the Chang 9 oil group, Dingbian—-Fuxian area,

Ordos Basin

X A ?L[ﬁﬁ/% A _ A @ﬁ%/(lO"z pwm?) : __ e
Fe/MAE FoRAE A {E TE FeME FoRME FHIE GREVALE]

FE 2.0 17. 4 9.2 9.1 0.03 68. 89 2.33 0. 64 750

ES 0.2 13.4 8.0 7.4 0.01 9.25 0.45 0.26 159

FeR) 0.4 13.4 6.2 6.5 0.02 60.91 0.46 0.18 547

i 0.8 14.6 5.5 4.9 0.01 1.63 0.15 0.11 150
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Fig. 7  Comparison of the reservoir properties and well test results

among the Chang 7, Chang 8, and Chang 9 oil groups in the

Dingbian—Fuxian area, Ordos Basin
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PERE T LA (R4 E8) , K 7—K 9451l 24
10 O AR i i LR J2 ) 0 1 35 B I A g TR A
J2 o PR TR 2 LB 1. 5% ~ 22. 7%,
SEHIE N 8. 6%; BB K (0. 05 ~5.99) x 107 um?, F
PUEH0.60 x 107 wm®, FAE R 0. 34 X 107 pm’,
UL JZ B FL B BE N 0. 8% ~ 13. 8%, “F ¥ {H N
5.8%; 8% % N (0.02 ~ 5.95) x 107 pm?, FHI{H Ky
0.37 x 107 pm?, FAAE N 0. 23 X 107 wm®. MR A
JEE 0, 3 B0 R A0 5 R DS 9 DR B S A T i R DR 2
HE B BT AR RN B 20{E 2 58. 4%, J5 %0 43. 0%

XL R GEFE R AR B S A XK 7—
1 9 i JZ AL AP o R S U -5 Dl R OB 5 )2 A T
O LUE B (E9) 10 i i i DR 2 i = 1 B
B A% b XOF- 4 7 g 43 R 3. 40,3.37,1.79,
1. 47 F12. 28 m?/d; MU DURR )2 P i A A1, 45 M XS
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SR S W U R Y B RV AL ) =B 2 A TR = i) =
AR L) 35 22 8)2 Mk DO A A Z A
Rfit 2 TR it )2 , (i )2 A AR R 5 2

2.3 SEMRREBEESZERHGEEIE

RN, 20— B XK 7 M 9 iR 3 A
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Table 4 Comparison of reservoir properties and oil saturation of sandstone reservoirs of sandy debris-flow deposits and

turbidity-current deposits in the Chang 7-9 oil groups, Dingbian—Fuxian area, Ordos Basin

S FLERFE % BBEHR/(107wm?) U IR AN %
RO TR USRI AN P T SR USRI SRR USRI
JEON:] 22.7 13.8 5.99 5.95 87. 88 84.6
/M 1.5 0.8 0.05 0.02 6.97 2.7
FHIE 8.6 5.8 0. 60 0.37 58.40 43.0
GREIAIE 8.4 5.6 0.34 0.23 60. 30 44.0
FER A B 404 304 404 304 311 216
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Table 5 Criteria for evaluation of argillaceous source rocks

of the Triassic Yanchang Formation, Ordos Basin

SR EERRAe TOC/I% (S, +5,)/(mglg)
B[Ry Fes <0.5 <0.5
EIEVE A 0.5~1.0 0.5~1.5
AR A 1.0~2.0 1.5~4.0
IR 2.0~4.0 4.0~10.0
TRGF R IR 4.0~6.0 10.0~18.0
WA Je U5 >6.0 >18.0
2.3.2 RBREFN

5% XA 730 2 AR A 1 h SRR IR A R TR
ARG IR A AR AR R A 1 5 — 2 HeA], R R
IR E K 8 I 9T ZALIR IR A . K 8
K 9T Z LR IR A 3 LU AT R U5 A AR IR R
e B AR s R e AR SR VR A AR D . A AT L K9
T2 2R EETUA B B4 T 92 AR R K U
T A 8 S Z L v (1), S5 X AR
FR7MZHRBATUAN—ER TR A .

NI A T 5, W98 XA 7 92 R IR 40 A
), X, IR 7R WA R R
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20 m, A& PHHE X AR X . A 7791 )2 0 20 0T R
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K OMMZE A AR A LIE L 0 T U2 5%
B 502, (HSE R AN K 9 32 41 7E BT X 24 A [
JE R E AR A LR RS (B 11e,d) . Hri,
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Fig. 10

Diagrams showing the evaluation results of source rocks from the Chang 7-9 oil groups, Dingbian—Fuxian area, Ordos Basin
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Fig. 12 Correlation between the paleo-pressure coefficients of

source rocks in the Chang 7 oil group and the well test results of the
1st oil sub-group of the Chang 9 oil group in the Dingbian—Fuxian

area, Ordos Basin
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Table 6 Source rock-reservoir-seal assemblage types of the
Chang 7-9 oil groups and their respective distributions in the
lower oil play of the Yanchang Formation within the

Dingbian—Fuxian area, Ordos Basin
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Table 8 Production grades and corresponding EF thresholds of the Chang 8 oil group, Dingbian—Fuxian area, Ordos Basin
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