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Types and distribution patterns of complex turbidite sandstone reservoirs in the
upper reaches of deep-water canyons—A case study of the Lingshui gas field in the
Central Canyon of Qiongdongnan Basin

FU Chao',XIE Yuhong’,ZHAO Yuchu’, WANG Hui', YUAN Zhiwang',XU Wei', CHEN Guoning'
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Science and Engineering , Southeast University , Nanjing , Jiangsu 211189, China)

Abstract: The Lingshui gas field, located in the upper reach of the Central Canyon in the Qiongdongnan Basin, shows the
occurrence of turbidite sandstones. However, the turbidite sandstone reservoirs of diverse types, jointly affected by both
sedimentation and diagenesis, present challenges in characterization. This study aims to forecast the distribution of
favorable reservoirs in the deep-water areas of the Lingshui gas field. Based on the morphologies and burial depths of the
Central Canyon, we categorize the upper reach of the canyon head into the adjustment section, the low-tortuosity
section, and the curved section. This division allows for a detailed examination of the reservoirs’ fracture and filling
types in the reservoirs. Furthermore, we analyze the deposition and origin of the reservoir rocks based on the
quantitative relationships between rock fabric and physical properties. The results indicate that the adjustment section is
dominated by coarse-grained gravity flow deposits, with reservoir physical properties gradually improving downstream as
the intergranular matrix content declines. The low-tortuosity section is primarily composed of fine-grained to silty
turbidite sand bodies, with grain sizes marginally varying along the canyon and cementation emerging as a factor
affecting the quality of reservoirs consisting of alternating thin- and thick-bedded sandstone. The curved section
principally comprises silty turbidite sand bodies, with reservoir physical properties gradually deteriorating downstream
with an increase in the burial depth. Therefore, it can be inferred that the reservoir quality is governed by the

sedimentary process in the adjustment section and the diagenesis in the low-tortuosity and curved sections.
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Fig. 1 Map showing the location of the Central Canyon in the Qiongdongnan Basin (a) and the composite stratigraphic column of

the study area (h)""""
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Table 1 Morphological parameters for different sections of the Central Canyon’s upper reach in the Qiongdongnan Basin
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Fig. 2 FEarly (a) and late (b) geomorphology of the Central Canyon’s upper reach in the Qiongdongnan Basin and seismic profiles (c—e)

of its different sections
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Fig. 3 Lithofacies types and grain sizes and corresponding mineral types and pore structures for different sections of the Central Canyon ’s

upper reach, Qiongdongnan Basin
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Fig. 4 Porosity reduction caused by cementation and compaction (a) and filling characteristics derived from polarizing microscopy (b),

scanning electron microscopy (c), and energy spectrum analysis of clay mineral (d) and non-clay mineral (e) for reservoirs in the

Qiongdongnan Basin
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reservoirs in the study area of the Qiongdongnan Basin
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Fig. 9 Variations in porosity and permeability with transport distance (a, b), typical core samples (¢), and cross plots of petrophysical

parameters (d—i) for the curved section of the Central Canyon’s upper reach, Qiongdongnan Basin
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upper reach of the deep-water canyon

S i B, H A R 32 B2 5 T A 1 R s A A
FESE A 0 O B ol J2= k8 A/ X A 1 A X 3
HR DX IR A g i SR e A DX

1) $22 IR 25 T2 285 A0 et AR A I R 25 8 ke K <
TBRD Ak =R o3 DR R B N B B i B, Hop,
AR BT A 0 i A A I B ity AR A DR A
iz, 725 BT LIE e AR

2) bR EMARAR LLAR D YR O 0 o A A 1
Fadfe s b &, FUBR LUKLIE] AL R[] FLA G R AL 32
B8 G KL EE o3 A R AR A FL B A5 AL o 6 )= 3 o 3 R
Pyt

3) A XF AR B, 45 WAy 52 L RS R 8 1A A
FHFEWE et AR TE A [R] 7B A B 0 S 04 o LB ) 5
2SR RIS TURS B YIS 8,
A2 XS A ) LA B O 2 2 IS A TS N
AR R B T AR DU ) R A BRI R D
XK

4) B BN il B, A 2 MU 4% U 3 J7 1w A7
TE/NEAE AL IR A AR X T -8 R s )= B
—ESRCME A2 i R 2 P T OO
TS HE , B AN [ i B 1A B B A T 0L ) 5 2 o
WATEZE S . A RIEZ A B eI 2 K B D KRS
HGRARN 18 X

(4]

& % x #

ST, A, SRR, A5 R R L TR AR A Al B
AMIRE L ——VIBR M A 1[0, A5 KRR,
2023, 44(3): 651-661.

WU Keqiang, XIE Xinong, PEI Jianxiang, et al. Deep
architecture of hyperextended marginal basin and implications for
hydrocarbon exploration: A case study of Qiongdongnan Basin
[J]. 0il & Gas Geology, 2023, 44(3): 651-661.

R UL 7 I DX e Je e A RSk OB AIE B i R AT
(). MUFRHEIE T, 2020, 39(5): 69-78.

XIE Yuhong. Sedimentary characteristics and hydrocarbon exploration
potential of the upstream of the central canyon in the Yinggehai
and Qiongdongnan basins [J]. Bulletin of Geological Science and
Technology, 2020, 39(5): 69-78.

VA, B, SRV, SF . WDV A H L AR VM A A Rk
) IO A MR IN R (I, A KRR R,
2022, 43(4): 823-832.

JIANG Shu, WANG Hao, GUO Tao, et al. Geomorphology of
gravity flow deposits in the gentle slope zone of intra-basinal high
in the Liaodong Bay Depression, Bohai Bay Basin and its controlling
factors[J]. Oil & Gas Geology, 2022, 43(4): 823-832.

ZRAe AR, R, AF . YROKTE JI UK - MR R OB R
e B fith 22 43 —— LA SR IR 22 307 4 b 1 2% 00 Bl A P AT Sk
JaBl)]. AT KRR T HLR, 2022, 43(4): 917-928.

LI Hua, HE Youbin, TAN Mengting, et al. Evolution of and
reservoir distribution within deep-water gravity flow channel-lobe
system: A case study of the Ordovician Lashenzhong Formation

outcrop at western margin of Ordos Basin[J]. Oil & Gas Geology,
2022, 43(4): 917-928.



528

EER i IS PN

13

My 5t

45 5

(5]

[10]

[11]

[12]

[13]

[14]

EATERE, ESL B, W, A AUHR I A IR P R M 5 )22
AR TR SO A —— LA L R v A — BE
OO BIT]. A5 RAR M, 2022, 43(6): 1359-1369.
HU Desheng, GONG Liyuan, MAN Xiao, et al. Development
pattern of en echelon fault transition zone in Weixi’ nan Sag,
Beibu Gulf Basin and its control on hydrocarbon accumulation [J].
0il & Gas Geology, 2022, 43(6) : 1359-1369.

LIEN T, MIDTB@ R E, MARTINSEN O J. Depositional facies
and reservoir quality of deep-marine sandstones in the Norwegian
Sea[J]. Norwegian Journal of Geology, 2006, 86(2): 71-92.

LI Qing, JIANG Zaixing, LIU Keyu, et al. Factors controlling
reservoir properties and hydrocarbon accumulation of lacustrine
deep-water turbidites in the Huimin Depression, Bohai Bay
Basin, East China [J].
57: 327-344.

KHAN A S, KELLING G, UMAR M,

Marine and Petroleum Geology, 2014,

et al. Depositional

environments and reservoir assessment of Late Cretaceous sandstones

in the south central Kirthar foldbelt, Pakistan [J]. Journal of
Petroleum Geology, 2002, 25(4): 373-406.
LI Zhen, WU Shenghe, XIA Dongling, et al. Diagenetic

alterations and reservoir heterogeneity within the depositional
facies: A case study from distributary-channel belt sandstone of
Upper Triassic Yanchang Formation reservoirs (Ordos Basin,
China)[J]. Marine and Petroleum Geology, 2017, 86: 950-971.
IMEE, JEEITE, BRI, A5 . TRAK R B ) 7K 3 52 A AU
AR B X i S e O ) i PIZRAE G R B 265 58k
BIL)]. Al 5 RIS HLIT, 2021, 42(6) : 1440-1450.

SUN Hui, FAN Guozhang, SHAO Dali, et al.

Depositional
characteristics of locally restricted channel complex in deep water
and its influence on reservoir properties: A case study of the
Eocene series, Rovuma Basin[J]. Oil & Gas Geology, 2021, 42
(6): 1440-1450.

HANSEN L A S, CALLOW R HT, KANE I A, et al. Genesis
and character of thin-bedded turbidites associated with submarine
channels[ J ]. Marine and Petroleum Geology, 2015, 67: 852-879.
MK, SRR, EA, 55 )¢ HR = MM K i B A TR 5
R BUE 25 ()], A RIRAMT, 2014, 35(4) : 494-502.
LIN Yu, WU Shenghe, WANG Xing, et al. Reservoir quality
differences of submarine fans in deep-water oilfield A in Niger
Delta Basin, West AfricalJ]. Oil & Gas Geology, 2014, 35(4) :
494-502.

T, sk, TR, L ARG EH TR K R A i 4
RS L EENR] WS Ik, 2022, 49(3):
491-501.

WANG Min, ZHANG Jiajia, WANG Ruifeng, et al. Quality
variations and controlling factors of deepwater submarine-fan
reservoirs, Rovuma Basin, East Africa[J]. Petroleum Exploration
and Development, 2022, 49(3): 491-501.

PR, i ?, AR, 45 VHAEJR AR =AMt A il
K FUK I DUAVA R DTBURRAE [T ], M3 mT 2%, 2023, 30(4)
209-217.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

CHEN Fei, FAN Hongjun, FAN Tingen, et al. Sedimentary
architecture of the deep-water turbidite system in A oil field,
Nigeria Delta, West AfricalJ]. Earth Science Frontiers, 2023, 30
(4):209-217.

ANSCHUTZ P, JORISSEN F J, CHAILLOU

G, et al. Recent

turbidite deposition in the eastern Atlantic: Early diagnesis and
biotic recovery [J]. Journal of Marine Research, 2002, 60(6) :
835-854.

SYLVESTER Z, LOWE D R. Textural trends in turbidites and
slurry beds from the Oligocene flysch of the East Carpathians,
Romania[ J]. Sedimentology, 2004, 51(5): 945-972.

{8, R, £, & WKW 24 B ik i iR e )2 &
TR YU IN —— PABRUA F 2t P Sk A A [ ). SR AR
Tl 2023, 43(5): 23-33.

FU Chao, XIE Yuhong, WANG Hui, et al. Types and
sedimentary genesis of barriers and interlayers in the composite
turbidite sand bodies of deep-water canyon: A case study of the
Central Canyon in the Qiongdongnan Basin [J]. Natural Gas
]ndustry, 2023, 43(5): 23-33.

PR, B, R, 55 BURR A b PO g e i 4
T K T8 PR A R 5 R AR SO AE [ ). A B R 5 0T &
2016, 43(4): 521-528, 549.

XIE Yuhong, LI Xushen, FAN Caiwei, et al. The axial channel
provenance system and natural gas accumulation of the Upper
Miocene Huangliu Formation in Qiongdongnan Basin, South China
SealJ].
521-528, 549.

IR, SR, IR, GF L ORI IR R T R A —— LA
FIHFIL TR B i At T e e AR R I ()], o R (R
%), 2014, 44(8): 1807-1820.

SU Ming, ZHANG Cheng, XIE Xinong, et al. Controlling factors

Petroleum Exploration and Development, 2016, 43(4) :

on the submarine canyon system: A case study of the Central
Canyon System in the Qiongdongnan Basin, northern South China
Sea[J]. Science China Earth Sciences, 2014, 44(8): 1807-1820.
FHEE, T4, B0, 47 . BUAR £ SO 4 ) R
AL T]. GO, 2017, 35(3): 552-560.

FU Chao, YU Xinghe, JIN Lina, et al. Sedimentary evolution of
gravity flow disposition of Yinggehai Formation in Qiongdongnan
Basin[J]. Acta Sedimentologica Sinica, 2017, 35(3): 552-560.
FU Chao, LI Shenli, LI Shunli, et al. Spatial-temporal evolution
of the source-to-sink system in the northwestern South China Sea
from the Eocene to the Miocene [J]. Global and Planetary
Change, 2022, 214: 103851.
SR, RATHL, K, 4.
T R R R ]
(4): 473-479.

ZHANG Yaxiong, ZHU Xiaomin, CHEN Huanqing, et al. Slope-

BHUR A A B 4 s K A e T
LS KRS ML T, 2014, 35

break types and sequence stratigraphic styles of the Oligocene
Lingshui Formation in Qiongdongnan Basin, South China Sea[J].
0il & Gas Geology, 2014, 35(4) : 473-479.

LI Chao, CHEN Guojun, ZHOU Qianshan, et al. Multistage



52 1]

AR, A BRI B A A i B i S 2 e L A L 529

[24]

geomorphic evolution of the Central Canyon in the Qiongdongnan
Basin, NW South China Sea[J].
2021, 42(3): 27.

GONG Chenglin, LI Dongwei, QI Kun, et al. Flow processes and

Marine Geophysical Research,

sedimentation in a straight submarine channel on the Qiongdongnan
margin, northwestern South China Sea[J]. Journal of Sedimentary
Research, 2020, 90(10): 1372-1388.

SRR, UL, e, . BURM AR X BEK 17-2 KA
HUSRATHLER D). ArihAAR, 2016, 37(HF 1) : 34-46.

ZHANG Gongcheng, ZENG Qingbo, SU Long, et al. Accumulation
mechanism of LS 17-2 deep water giant gas field in Qiongdongnan
Basin[J]. Acta Petrolei Sinica, 2016, 37(S1): 34-46.

FU Chao, YU Xinghe, LI Shunli, et al. Multistage unidirectionally
migrating canyons and the evolution of their trajectories in the
canyon zone in the Baiyun Sag, northern South China Sea: Insights
into canyon genesis[J]. Interpretation, 2021, 9(2): SB17-SB32.
STOW D A V, JOHANSSON M. Deep-water massive sands:
Nature, origin and hydrocarbon implications [J]. Marine and
Petroleum Geology, 2000, 17(2): 145-174.

MITCHELL W H, WHITTAKER A C, MAYALL M, et al
Quantifying structural controls on submarine channel architecture
and kinematics[J]. GSA Bulletin, 2022, 134(3/4): 928-940.
MULDER T, ALEXANDER J. The physical character of subaqueous
sedimentary density flows and their deposits [J]. Sedimentology,
2001, 48(2): 269-299.

KNELLER B C, BRANNEY M J. Sustained high—density
turbidity currents and the deposition of thick massive sands [J].
Sedimentology, 1995, 42(4): 607-616.

HOUSEKNECHT D W. Assessing the relative importance of
compaction processes and cementation to reduction of porosity in
sandstones[J]. AAPG Bulletin, 1987, 71(6): 633-642.
EORAE, TmEHE, JeiTF . R S DUBU P A L U AE
oA [T, A AR, 2008, 25(3) : 225-234.

LI Baohua, WANG Xiaoyan, LONG Jiangping. Foraminiferal
characteristics and distribution in the sea surface sediments near
Hainan Island [J]. Acta Micropalaeontologica Sinica, 2008, 25
(3): 225-234.

T, BRER, B, 55 RBA LRSS it 5 2
[F1) e A ) Wi —— L B 1 s vl M1 B = S 20— B 91
[J]. RIRSIBIRFL, 2019, 30(5): 712-720.

MA Zunqing, CHEN Guojun, YANG Haichang, et al. Effects of

large-foraminiferal shells on sandstone reservoir space and physical
properties: Case study of the 1st member of Sanya Formation,
Songnan Sag, Qiongdongnan Basin[J]. Natural Gas Geoscience,
2019, 30(5): 712-720.

XU, AR, BUL, A B K IR Hh e 25 K I (AR TR 2
Wi 107 TR ASE AL KA R A XTI [0 . i 3, 2020, 32
(6): 43-53.

LIU Wei, HU Lin, LIAO Yi, et al. Forward simulation on seismic

response of channel sand body architecture in central canyon of

[39]

[41]

Lingshui Sag and favorable zone prediction[J]. China Offshore Oil
and Gas, 2020, 32(6): 43-53.
i, pmaam, R, A TROK AR X R e A R o 2
Bk (I]. KRR T, 2020, 40(12): 52-58.
ZHOU Zhan, YANG Chaogiang, HONG Chugqiao, et al. A
prediction method of thin mudstone interlayers with gravity flow in
deep water areas with fewer wells [J]. Natural Gas Industry,
2020, 40(12): 52-58.
YU Xiaohang, STOW D, SMILLIE Z, et al. Contourite porosity,
grain size and reservoir characteristics[J]. Marine and Petroleum
Geology, 2020, 117: 104392.
BRACKENRIDGE R E, HERNANDEZ-MOLINA F J, STOW D A
V, etal. A Pliocene mixed contourite-turbidite system offshore the
Algarve Margin, Gulf of Cadiz: Seismic response, margin evolution
and reservoir implications [J]. Marine and Petroleum Geology,
2013, 46: 36-50.
FsE, RAR, MRGAL, 45 B0Y 2% Taranaki 42455 /U 2 IR7K
KT RS MU S UUBREC [T ], o A R 2440 (3 982
J), 2022, 46(3): 13-24.
WANG Guangxu, WU Wei, LIN Changsong, et al. Migration
rules and depositional model of Quaternary deep-water channel in
Taranaki Basin, New Zealand [J]. Journal of China University of
Petroleum (Edition of Natural Science ), 2022, 46(3): 13-24.
BZ e, RPEER I b, R, AL BRI A T R
12 B B9 BURR I R S A8 3 B8 SCLT T 38 AR OR 22 22 4l (L 3R B2
1), 2023, 53(2): 329-342.
SHAN Xuanlong, YALIKUN-Rexiti, LIU Pei, et al. Sedimentary
Response and Tectonic Significance of Zhuqiong Movement in
Xijiang Main Sag, Pearl River Mouth Basin. Journal of Jilin
University (Earth Science Edition)[J]. 2023, 53(2): 329-342.
MG, KA, AR . R 1 2 B I e R 2H BT
Ffb ()], Wbkl <, 2022, 29(6) : 800-806,836.
TIAN Bing, ZHENG Youwei, ZHAO Junmei. Sedimentary facies
and evolution of Oligocene Zhuhai Formation in Baiyun Sag, South
China Sea[J]. Fault-Block Oil and Gas Field, 2022, 29 (6) :
800-806, 836.
WRas, 23200, R0T2%, . BURR A b ey il — 57
KA J] G U A PF 5 VR B R (). A il S 5 b B
2023, 45(5): 994-1006.
CHEN Kui, WANG Wenjuan, XU Wanxing, et al. Accumulation
conditions and rolling exploration results in the periphery of
“Deep Sea No. 17 giant gas field in central canyon of
Qiongdongnan Basin [J]. Petroleum Geology & Experiment,
2023, 45(5): 994-1006.
DOS ANJOS S M C, DE ROS L F, DE SOUZA R S, et al.
Depositional and diagenetic controls on the reservoir quality of
Lower Cretaceous Pendencia sandstones, Potiguar Rift Basin,
Brazil[J]. AAPG Bulletin, 2000, 84(11): 1719-1742.

(%4 RIEAE)



