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Fig. 1 Location of the study area and the strata of Qiongdongnan Basin (modified from reference [24])
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Fig. 2 Lithology and triangular diagram of rock types of the Meishan Formation in the Ledong Sag in Qiongdongnan Basin
a WP BTRA, BRI OORAR KT 5 om, 4 822.55 m, A1 b S W0RRA, 721628, IR A —IRIBDIR, 4 822.5 m, A1 3F; ¢ A1 o> — M 1A

a. Sandy conglomerate, displaying the maximum grain size of gravel is larger than 5 cm in the core depth of 4 822.55 m in A1 well; b. sand bearing conglomer-

ate, displaying poor sorting with the shape of sub angular-sub circular in the core interval of 4 822.5 m in A1 well; c. triangular diagram of the rock composi-

tion of the study area
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Table 1 Sedimentary structure and compositional maturity of A1 well clastic rock in
Meishan Formation in the Ledong Sag in Qiongdongnan Basin
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Fig. 3 Grain size probability plot of sand stones in the Meishan Formation in the Ledong Sag in Qiongdongnan Basin
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a. Siltstone in the depth of 4 792.58 m in Al well; b. gravel bearing sandstone in the depth of 4 783.4 m in A1l well
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Fig. 4 Sedimentary characteristics of the Meishan Formation in A1 well in the Ledong Sag in Qiongdongnan Basin
a. W BTWRAA 21 R ESM D 45, 4 828.03 my b, BY BT AR 1 T AR EP BT IR 7, 4 824.68 m; ¢ A0V A R IHUB B, B AD 45 (R 1 e 5, 4 825.29 my; d. 4
W b AR N R TR, W A A R . AT R B SR E L, 4 768.29~4 768.60 m; e. WP BR A, WRA K Al ) HES, B KR AR
KF 5cem, 4822.55 m; £ MR AR B T AR KSR B VR, M RD 5 of WL 22747 IR U Bk 2 B BUARHES, 4 825.90 my g 6 Bk, DL agh IE A PP 2 B, Bk R 46
FTEJE, 4 824.07~4 824.98 m; h. BRJFTEY ¢, WL 1AL 2 B, P AT UL AR I IR, 4 831.38~4 832.30 ms i WRJFAY 2, AIKLAYHED o i I AL X R
JE 2~5 cm, 4 823.16~4 824.07 m; j. By ib A, T UL ¢ Jig 52 220 AR HE S, A0 PR AR 16 HE S, 4 825.59 ms k. D BTk A, A BRIR AL MERL, AT LA
J, 4 830.47 ms L BYFTRR A, TR UL R A7 K AlE 10 HE 51, & F BRI ER 4 R 41, 4 819.5~4 820.17 m; m. BTk b A, e T RL)E , 462 21,
482437 m, Sh: Jefk; T: 5 JH; P: AP 5 Ca: BRIREL 25

a. Sandy conglomerates erode the lower siltstone in the depth of 4 828.03 m; b. sandy conglomerates erode the lower silty mudstone in the depth of 4 824.68 m;
c. fine sandstone erodes siltstone, and siltstone erodes mudstone in the depth of 4 825.29 m; d. fine sandstone and siltstone erode the underlying mudstone, dis-
playing grooves, parallel bedding and wavy bedding at the bottom of the sandstone in the depth interval of 4 768.29—4 768.60 m. e. sandy conglomerates, dis-
playing oriented gravels and the maximum grain size of gravel is larger than 5 cm in the depth of 4 822.55 m; f. siltstone erodes the lower silty mudstone, dis-
playing filamentous gravel arranged in a layered tile pattern in the siltstone in the depth of 4 825.90 m; g. sandy conglomerates, displaying inverse and normal

grading with carbonates fragments in the depth interval of 4 824.07—4 824.98 m; h. gravel sandstone, displaying inverse and normal grading and erosion sur-
faces inside in the depth interval of 4 831.38—4 832.30 m. i. gravel sandstone, displaying fine-grained sandstone with a inverse and normal grading, with a thick-
ness of 2—5 cm in the depth interval of 4 823.16—4 824.07 m; j. siltstone, displaying carbon debris arranged in a ribbon like pattern, with a small amount of ori-

ented rip-up clasts in the depth of 4 825.59 m; k. sandy conglomerates, mixed with sandstone and conglomerates, displaying plant fragments in the depth of 4
830.47 m. L. sandy conglomerates, displaying oriented gravels at the top and carbonate gravels in the depth interval of 4 819.5—4 820.17 m; m. muddy siltstone,

displaying rip-up clasts and convolute bedding in the depth of 4 824.37 m. Sh: rip-up clasts; T: carbon debris; P: plant debris; Ca: carbonates
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Fig. 5 Lithology characteristics and vertical depositional sequence of turbidite in Al well in the Ledong Sag in Qiongdongnan Basin
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Fig. 6 Lithology characteristics and vertical depositional sequence of hyperpycniate in A1 well in the Ledong Sag in Qiongdongnan Basin
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¢. The minimum amplitude of the submarine fan and the depth structure of the bottom of Meishan Formation (modified from reference [16])
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Hyperpycnal flow found in submarine fan of the Meishan Formation in
Ledong Sag in Qiongdongnan Basin: evidence from the drilling cores

Xiong Liangiao', Xie Xiaojun', Tang Wu', Bai Haigiang', Liu Ziyu', YuJinxin', Chen Ying'

(1. CNOOC Research Institute Co., Ltd., Beijing 100028, China)

Abstract: Submarine fans developed in the middle Miocene Meishan Formation possess significant potential for
natural gas exploration. Most of scholars believed that these Miocene submarine fans were formed primarily by tur-
bidity currents. However, drilling cores revealed the presence of pebbles with a particle size of up to 5 cm in the
sandy conglomerates. These sandy conglomerates exhibited good roundness and poor sorting, indicating that the
traditional turbidity formation mechanism cannot fully explain the origin of this type of sandy conglomerates. Fur-
thermore, the classic submarine fan model has limitations in predicting the distribution of sand bodies. Through a
comprehensive study involving core, thin section observation, and grain size analysis, we have conducted a system-
atic investigation of the petrological characteristics and sedimentary structures of submarine fan in the study area.
Our findings suggest that submarine fans in the study area resulted from the interaction of turbidity and hyper-
pycnal flow deposits. We have identified distinct sequences of turbidites and hyperpycnalites within the submarine
fan. Based on the paleogeomorphlogy of the study area, we have established a genetic evolution model for the sub-
marine fan in Meishan Formation. This model reveals that the hyperpycnites dominated by feldspathic litharenite,
exhibit low compositional maturity. Poor sorting and subangular-circular of the rocks indicate middle-to-high struc-
tural maturity. Typical features of hyperpycnal flow include orientated gravel within block sandy conglomerates, re-
verse-to-normal grain order bedding, parallel bedding, carbonaceous debris, and biological fossil fragments. Multi
stage superimposed turbidite sequence and hyperpycnites sequence developed in submarine fan in the study area.
The early Meishan period is primarily composed of turbidite submarine fan lobes, while the middle Meishan period
is dominated by hyperpycnites submarine fan channels. The late Meishan period, on the other hand, is mainly com-
posed of turbidite submarine fan channels. We predict that more favorable submarine fan sand bodies could be
found in the southern part of the study area. The results can serve as a basis for predicting the distribution of favor-
able submarine fan reservoirs of the Qiongdongnan Basin, and they hold significance for selecting exploration and

development targets for hydrocarbon exploration.

Key words: hyperpycnal flow; sedimentary sequence; submarine fan; Meishan Formation; Qiongdongnan Basin
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