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Study on the characteristics of fine-grained sedimentation in
fault-bounded lake basins: a case study of the Paleogene
Hetaoyuan Formation in Nanyang sag
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Abstract The Nanyang sag, a typical continental rift freshwater lake basin in eastern China,
encompasses the Niusanmen sub-sag as its southeastern secondary sag, where thick-layered fine-grained
sedimentary rocks developed within the Paleogene Hetaoyuan Formation. The Hetaoyuan Formation is
stratigraphically divided into three members from top to bottom; Member 1 (H,), Member2 (H,), and
Member 3 (H,). Through integrated experimental analyses including thin-section petrography, scanning
electron microscopy, mineral composition characterization, and geochemical parameter determination of

core samples, this study systematically identifies lithofacies types of fine-grained sedimentary rocks,
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reconstructs the sedimentary environment of the Hetaoyuan Formation, and establishes four distinct
evolutionary stages (A, B, C, D). The investigation provides critical insights into the depositional
evolution and environmental dynamics of this lacustrine succession within the rift basin setting. The results
indicate; (1) The depositional environment of the He Member 2 Submember [ to He Member 3
Submember [ was primarily semi-deep to deep lake, with overall low paleosalinity, exhibiting
characteristics of freshwater to brackish water, and relatively stable climatic conditions indicative of a
humid paleoclimate. (2) Based on mineral composition, sedimentary structures, and grain size
characteristics, the fine-grained sedimentary rocks of the He Member 2 Submember I to He Member 3
Submember [ can be classified into nine lithofacies, among which laminated mixed shale and laminated
feldspathic shale are the most developed. (3) Terrestrial input and paleoproductivity have a significant
impact on the vertical variation of lithofacies, with the content of dolomite primarily influenced by water
salinity. Stable climatic conditions, deeper water environments, and abundant terrestrial input are
conducive to the development of mixed laminated fine-grained sedimentary rocks. Spatially, the semi-deep
to deep lake areas are mainly developed around the periphery of the central depression belt’s Niusanmen
sub-depression, with mixed shale being the predominant lithofacies; vertically, mixed shale is developed

in all stages, with stage A and stage C paleoenvironments being favorable for the enrichment of organic

matter in source rocks, making them promising areas for shale oil exploration.
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Fig. 1  Geological structure of Nanxiang Basin and location of Nanyang sag



‘(1M K

W218 WS R W B W) 2 2R DUAR AR A 50 - LA g BH T ol 3 2R A%k ol 4 £91) 1247
H)E R 5 JEHEN B o yeram K A B0 4/ %
TTE T % 1 AT &l /m ’é ST PUBUR -
Al ew| o omm | O s LI
7oA BEL 500 | aH I EWR
B 0
Jis ~
4 | 600
50
% | 400
g | 500
74ﬁ 75 5 25
ﬁ | B [ 900
] S T
g E RO\ B |1400
"l % 4
B L0/ % 25 50 75 BRI ER 6 /%
K3 mBHMEE ZYL HdiE & H I -H, [ BCA O
E 700 FE Y E
> |1100) 7 Fig. 3 Main mineral content of core samples of the Paleogene
Submember H, Il -H, I of Well ZY1 in Nanyang sag
& PN
Wl & TR
Bl 2.3 EEXEYS
£ o000 s ) T ;
S o= B NG DAEE . Ty DR . AL
4 :'/‘ =) N S N ~ W i
A Jot 5 MUKE B2 25 22 70 2 A DA K 20 A 08 R X 40k DT
ol A LUy v il . N N
il x| nems R BUA AT ARy (R¥ESF, 2016, 2017; XU4kH
| — T ] | ‘ | 4, 20195 Kb, 20205 & PRWSE, 2024), Mk
P o o s T oo e L - . }ﬂﬁﬂ%ﬁi&%*ﬁ%ﬂku E/\Jg—:_’ z'g?j—'\m%quﬁjﬁ
[ WikE e WibE BRI E Wi BT A -~ ﬁ .

— il I N I

WA -z ) b R/ IR TN R
P2 BT oty T R = R T
Fig. 2 Stratigraphic column of the Paleogene of Nanyang sag

1%~ 10% 2z [0, $#18 3.9%; 2%l A & A 5%~
37%z 8], Y{H 12.3%, JHie] WEEky, 8L
BRSO ORR SR AT UL B RRIR A A (& 4-h) .

2.2 mIRHE

BB H, I -H, T 3B #4 400k: 50 B A 802
R—ZR—ICRWEH LT . S RERVL)Z
ARG O B Y 42. 7%, PR i 5
ODBLEKER 36.3%, J2 WA &5 B BB K E
1 21% . RIGH W 04l 5 B & & nl LA H, 1T -
Hy 1B = K. KA A5, b R
BRBUZE 4 FEZER(E S), SR ERZ R
1500 %/m, REBREE, ELERIKA AL
2 R RSE RRA SR, s KRB K

"o

PRI A AR v, DA ALy o R AT DO R AL i
VB 5 AE R 43 1) 2 BEAR G (9RO 4%, 20135 32K
B, 2014)

AT AR A AT Y. B0 P K kiR £
W50 IV g =308, LL 50% 5 RO A% #k el 41 5T
FXGY 4 B, TR IR bS5 R DT
TR I AT — 0 Al 5y, ¥R aUZ )R EAE 1 mm D
THITUE E SCHSUZARTUE, XS RATH,
f67R T AT VTBUK IR g2 A 1~
10 mm [ T8 8 LR JZARTUE, 3X Bl ag )z 4 167
B, REEER, MWAH)Z, R TR E
{BAAAE R 35 B DL KK (Liang et al., 2016),
2 LA D DD e B M1 B U6 D02 Rl 43t 9 RlOR [l A
MR 65 £ 1), HrpgUzR—Z2RIE A Bt
L. BZER—ERKAAERTE . 8UZR B KT
T S HOR A0 5 R v BH T AR DT B s 222 4
it 32 B AR
2.3.1 gEREERRSE

SUZ MR AR U0 109 41 43 2 B0 B 8 0 A
X — I FRAE (] 7-al, 7-a2), KAAEG Y&



_

CM K

1248 + W 2B F R 2025 4 10 f

I'mm

2 um = 10 um

25 um

a—ZY1 S, R 3033. 41 m, REZRE A AEHIEAE (-), REEEEE PR R SR, A%, KA 800K b—2Y1 I, K
2872.4m, WRELUZRBETIE (-), RAGRTWREE MMM, SRELEERKAICREE; c—2Y1 JF, JFK 2888.03 m,
TR EnRE (-), BEHS OS2/ RES . WHRT BEAUR . BoBR s d—2Y1 3, HF IR 3102.57 m, BIK 8 802 K8 A B ils
(=), WA 82 5RMBUREZ ; e—2ZY1 3, % 2956.3 m, MBI, Haf ARBRIEZE R, LT & KNV 8l; —2Y1 I,
V2930 m, AT H ROBE, B UR ORI O A0 2R ST RORE BE] L5 g—2Y1 I, SR UK 290748 m, Al B, R IR O R 4 TE KL (] R
FEBG h—ZY1 J, R 2954.38 m, BB, R AR BT
P4 R P I BE ol T AR A B 4 A S ) 2 R LR AR

Fig. 4 Microscopic characteristics of mineral types of the Paleogene Hetaoyuan Formation in Nanyang sag
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Fig. 7 Core and microscopic photos of different lithofacies of the Paleogene Submember H, Il -H, I in Nanyang sag
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