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Enrichment conditions and exploration potential of shale oil in continental faulted
freshwater lacustrine basins: A case study of the Paleogene Hetaoyuan Formation
in the Nanyang Sag, Nanxiang Basin

WANG Liangjun, LI Liansheng, ZHU Yan, LI Yanran

(Henan Oilfield Branch Company, SINOPEC, Nanyang, Henan 473132, China)

Abstract: Commercial oil flow with peak daily production ranging from 5. 21 to 19. 17 t has been achieved in shale oil
exploitation in the 3rd member of the Hetaoyuan Formation (also referred to as the He 3 Member) in the Nanyang Sag,
Nanxiang Basin. Therefore, investigating shale oil enrichment in this sag is significant for exploration. Using methods
including core observation, log response analysis, thin section observation, scanning electron microscopy (SEM) ,
hydrocarbon generation and expulsion simulation, and confocal laser scanning microscopy (CLSM) , we investigate the
formation conditions, occurrence characteristics, enrichment conditions, and exploration potential of freshwater
lacustrine shale oil in the Nanxiang Basin. The results indicate that shales in the Nanyang Sag primarily occur in the
upper part of the He 3 Member to the He 2 Member, with a maximum cumulative thickness reaching up to 1 400 m. The
shale layers in the sag exhibit total organic carbon (TOC) content ranging from 0. 18 % to 1. 58 %, with an average of
0. 84 %, and free hydrocarbon (S,) content from 0. 15 to 1. 23 mg/g. Their organic matter is dominated by Type 1I 1,
with vitrinite reflectance (R,) values ranging from 0.5 % to 1.0 % , indicating moderate thermal maturity. The
lithofacies of the shales consist principally of lamellar to laminated mixed shales, lamellar felsic shales, and lamellar
dolomitic calcareous shales, with lamellar mixed shales predominating. The main storage spaces within the shales
include matrix pores and fractures. The matrix pores are dominated by intergranular pores in clay minerals,

intercrystalline pores, and dissolved pores, along with a small quantity of organic pores. These pores contribute to
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malrix porosity ranging from 0.2 % to 5.4 %, with an average of 3. 1 %. The shale layers in the sag thereby exhibit
moderate reserving properties, moderate shale oil mobility and good fracability. Calculations using the volumetric
method reveal total shale oil resources in the sag reaching up to 2. 01 x 108 t, with the identified exploration area of play
fairways covering 72. 1 km?.

Key words: denrichment factor, occurrence mode, sweet spot, shale oil, freshwater lacustrine basin, Nanyang

Sag, Nanxiang Basin

IR ERE, %
UM, 2025,46(1) : 123-135. DOI: 10. 11743/0gg20250109.

M R G L BT TR K W) 2 U T S AR S IR

VAT 2 e T oty 30 R Ak bl A 0 [0 ). Al R AR

WANG Liangjun, LI Liansheng, ZHU Yan, et al. Enrichment conditions and exploration potential of shale oil in continental faulted freshwater

lacustrine basins: A case study of the Paleogene Hetaoyuan Formation in the Nanyang Sag, Nanxiang Basin[J]. Oil & Gas Geology,2025,46(1):

123-135. DOI:10. 11743/0gg20250109.

Hh B A AR R R B AR T, By
AT ZRFPAA L A e R DTS T &R b AL
ol 3T R RS R 2 WA — & R U1 B R
2, VAP ERAE S IR B — B RO = B — B R
G FEH)ZE Y St ZAEMBEARBOC SRR E,
TE T A~ ZE L) 22T RN 2= R B T o R R 2 il
R IE o2 b A AR AE i TS A b s Ak L R
BB BH 34 B 3R 38 ) T i e A 22 EUJE H ™ i
i 100 t; 78 b 2 R T8 191 [ 35 28 B9 SD 1 3R Tll
WL, H =k 50. 89 t5 76 i e L A ML FE Y Y
J AR 2 22308 1 XY9 HA AN i 7 o i < (H
P 108, 15 m?*, H =< i 1.58 x 10° m?) . -1
B E A ML R T A T — 2 BT A D I Y
WRAFIRAS B B Sy T T R o TAE B AR
T Z B0 3 IR B AR, AU T R BRI &
SRR,

AANER T U Z RS R SRR 2 i =& R
FEAS 2150 A ) 4 DA T AT DO | DO " R AR
KA AL & RN DT T R T IR AT TAE. 4R
T, % B B T B X — A ML S = 3 | v — I A f b A
FE R R L2 IR K ) 42 A5 BT DUA TR T R v
THPAFAE G o ARAFFEIE T Z2Y 1 I A1 ZD3 -4 2L L
O EE B KRS 5B, RGN T Rl AR IR 7K 8 78 5L
FOC VU R FIRAE LA, S T DA IR AR,
WA T s SR R R L T A R A, e 32
F i BH TR iy 3T 2R A% Wk el 20 0 i B IR e i B it 1
PO SZRF A ARSE S

1 HiET 5

i 9ET 10T 2 T 2 A ) — IR A i T, O B
BRSO Z LR Ak 2, BA

Wb R 0 #4) 3 REAE , BT R 2 R 3 600 km?s [ 7Y [i]
MR KT AR BRI =B 5RO — R SR A i
A (it ) 30 2 T A 3 A 2L, S AL G ) sl b G 2R o)
A ), TR 2R 5 — B T S R A 3 R M B 43R AR
5 =TT 2 A R I o A 5 P (] A T A
Jar (D) o MG TR B2 R AR i R &
B TR + KA B 20 AR Bk el 4 FBE 1 24, 3T 22 XL A
2 RV 2RO SR

A2k el 2H R =5 2 Wi B IR K A 85 (S/Ba Tt
REEH B N0.26 ~0.51), H KRR /N, TUEUAH A
DAE A -2 U A & TR AR B Y, TR -
VA Ty A B 30 SRR 20 2 S B0 2K AR
B R ARIE R , TR AT KA -6 1k
IRBTUA I Z b A . AR 4N 2 LT 4045 K
¥ Rk E 2H) = Bt % — BRI — B 4% = B o i
=W BRI =B B B A B A
B AR B R R H R A% B —
M=

2 BUAIIIE AR

2.1 RIR4FE

i PH TR A% = B T AR e 190 2 A% — B i AR 0 T8 2
KB EEERR, A R R BIFEE 51400 m, M
FE DL A H O AT R ol 26 F A4 = T TR AR
WM (E2) . APLEZERC AL, sl A 2 i
B SREE  E HA VLR o FE A (F i
44.9 %) JEVRLH (17.9 %) 54 (6. 8 %) Ak 4
53 (30.4 %) o FE T8 S W00 1Y 260 14 5 S A HLK
i (TOC) Fn % ¥k % T AR 3 B 45 1, ToC A T
0.18 % ~ 1. 58 %, FIEH R 0. 84 %, UiF & & (S



513 FRAE A5 A BT R K A DU AR AR SR g 125
Mﬂl’E 7
T L | Ak
41| B B (m)
=
o B
wl |~ &=
- —
Y ==
=
& 1 200]
B -
- |1 300)
B
1402
= |1 500]
Wl
B | o
1%2 ;1702
B
TISOQ
_|w
Al g™
el B2
Blw = - %
£ e

ol =] <] [ [=] (-] Il ] I 0 I
s FHAr SRR WijE WSS ELkm) WERhL AP K FRE METE R R
AR i By i B s ke W pies Kl b ERliluEs;
Bl R FRIMBA AR OB B 18] (o) A B Bl 4 AR AR B ()
Fig. 1 Structural map superimposed on sedimentary facies map of the Nanyang Sag (a) and the lithologic column of the Hetaoyuan

Formation in the sag (b)
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Fig. 2 Superimposition map of the TOC content, dark mudstone thickness, and R, contours of the He 3 Member, Nanyang Sag
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Fig. 3 Ternary diagram showing the whole-rock composition of

shales in the Hetaoyuan Formation, Nanyang Sag

2.2.2 fEEEN

% BORI = B UUA i 828 (R 2R R 43 Ry JE o
B AN 244k 2 Fb ﬁa%)ﬁﬂl%;’éiﬂ}_%u%ﬁim“%f
)L L AR ] FL A AL S TS HLFL B (18] Sa—d) Ry 3, [
B EHARANURSL. & B =B T A By
BEA A T A R A, R S A A ) AL
FIFLAR AR TE 0. 07 ~ 1. 20 pm; PRI SER A1 2556 +

T MERY KT 0P EOR R & B B2 0 R L
(F 5b, ), FLEGIKR SN F2 0 W, 02 s A2 7 D7
A A ERIRER Y, 5 32 AR HER B BOE
HLRR L, I8 s AL, 78 G B 5D Rl 8% T o] I
H o A TE B K G s L (B Se, f) o Bb 2 26t 4R
25 [A) 2 A0 LI [B] FL AN AL (&1 Sg, h) R . i3k
FALBREAT0.2 % ~ 5. 4 %, P K 3. 1 %, Wbk
JEALBEA T 1.3 % ~ 6.1 %, FHME N 4. 6 %, LS
e S AT S I AR
R BH MG A M i s 2 B AE IR . R
S FEONFEEREUZE K RGUZR K = KRB Z 18]
B AT TS T, 25O S B2 2R % T R 200 ~ 1 500 4%/m,
MR MEEH 152 000 ~ 5 000 45/m., M4 FTE NG
£ 20 2 BT VI A% I R IR Wy i 4% ik kS . A
JE L PN 1) I AP B — A T2 ~ 15 em, AR
FEIR 10 £5/m, 2 S HFORAS Y R BN T i A
HLAE BT 22 DU A s o IR AR B I3 i i 4%
& UL B S 48R VB T RRAE AN 0 L S SR AL R A
BETHT R I o oM A A 1Al R R A% 1R TE
25 5 B0, G 1) ZE A0, B 43 4% T UL S 2 5] ik
~(E6).



514 ERZE,AF AT B R K DU T e AR A R B R 127

K4 BEBHMBE ZY 1A% B b 2 A A AR AE U
Fig. 4 Micrographs showing lithofacies features of the Hetaoyuan Formation in well ZY 1, Nanyang Sag
a. HA 3 002. 90 m, RIALZRIE A BT & 05 b. SHEE2 938. 40 m, K OLUFRKSEFTTUA A0 s e HHTE3 007. 60 m, KR ALK 2 K T 5T
LA HIPR 3020, 90 m, ZUZRIR A TIUE , T e HIVR2 977, 17 m, IREOMEDE , KB ASTGAE A0 5L BIPR 2 974. 97 m, IR OAIESA, WL
YT P, w5 g B 2 965. 98 m, K 0K (U EDA MIESE R T AR THOR ST, 20 sh, B9 2 995. 86 m, Bib i, Btk , WL 2 A5 A M B2 4
BT eI,

PS5 pi B T A% Mk el ] st R FL R 2 W ol
Fig. 5 Micrographs showing typical pore types in the Hetaoyuan Formation, Nanyang Sag
a,b. ZY 1 B 2 936. 88 m, KM @ IRA B GUS , JOHLAL B A 7 800, 5 BON b 4 ) A B RS AORE )AL , A DLST G T SOE e 68 L L LB eh 95 9
K E DR R TR LB 0. ZY 1 IF B 32 954, 38 m, AU EUIRK SR BT, BT B IAL SR T ROB AR AT d. Z2Y U R
2935.20 m, KEOATEY & FLBRLIRLRIAL JERA SRR AL O 32 BRI 22, E3 i RO LB e £ ZY 13 S 2 956. 30 m, JK
IR 4, & DA IO, 1 A0 AR R, R B S BRI S8, R A B VA AL, B SR S AR AL R A R L iRl AL
B, B TR LB g B S0 PR 2 217, 50 m, A1 3% A, SR s he ZY 1 HIR 3 250. 80 m, kK GLANRD 5, B R AN L
KL, 26 L0 2 LR R T, S e L

IR B 0 AR A T T o A LGS TR R 26 % ~
85 %, “F-FIME N 53 %, & B B I o7 bbrp A - 5 R
¥ =" WBE—H# P WBER AT 0.65 % ~ 1. 00 %, HEEIE (5 ~ 110 m*/) , 76 B0 B R 4 43 b, i AR
AN B R A & e, BRI KRR 5 FRNSREET 79 %, WA F R E o E
M AR T U s A= s A4 =TT 20140 LA M, RS FHIUTRG B0 0 ] sl R Ak
Ko J& % D5 %5 B AE 0.84 ~ 0.87 glem®, ZHU/N T TEM NS,
0. 85 g/em’, J& THE TR o T 5 I &4 15. 09 % ~
58. 86 %, B [# 15 28 ~ 58 C, & i M 0~ 0.28 %,
JE 0+ 5 7 B i h 2. 15 % ~ 27. 92 %, K B 3 o IR SE AT SR EE S AR I Rk Bl 2 DA K
T 50 mPa-s, HLAT & & 0 R BERELS (R T SR . S AT 18 % ~ 58 %, V- IMH N 42 % MR IR ER T W

2.3 TAEMAIEE

2.4 TIAFEM



128 £S5 KRR R

546 5

n ?Ewﬂé{% %

oo )

R

E16 1 B MBS ZY 1 ARk e 4 S8 0 IR
Fig. 6 Typical core photos of the Hetaoyuan Formation, Nanyang Sag
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Table 1 Comparison of shale layer characteristics in typical continental faulted basins in East China
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Fig. 7 The source-reservoir configuration types of shale layers in the Nanyang Sag
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Fig. 8 Microscopic images showing shale oil occurrence characteristics in the Nanyang Sag
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Fig. 9 Occurrence mode of shale oil in the Hetaoyuan Formation, Nanyang Sag
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Fig. 10 Typical micrographs of shale samples from the Hetaoyuan Formation in the Nanyang Sag and the depth-varying organic matter

indicators of shale samples in well ZY1
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