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Abstract The application of the source-to-sink methodology in predicting reservoir occurrence in
deep-water hydrocarbon exploration is frequently impeded by the difficulty of quantifying deep-water
source-to-sink ( S2S ) parameters, such as sea-level fluctuations, sediment supply ( Q. ), and
accommodation space (§,). This study establishes a method for quantitatively characterizing these three
S2S parameters and identifies suitable deep-water hydrocarbon reservoirs based on the classification of shelf
margins. Our findings indicate that sea-level fluctuations can be categorized as either icehouse or
greenhouse based on geological age, sediment supply can be distinguished as high or low based on the
rates of shelf-edge movement, and accommodation space can be classified as low, medium, or high based
on the angles of shelf-edge trajectories. The interaction of these three S2S parameters results in 10 distinct
types of shelf margins, each associated with a specific risk level for finding suitable hydrocarbon reservoirs
in deep-water areas. Applying these quantitative methods to the Pearl River margin of the SQ13. 8 age has
led to the identification of three primary types of icehouse margins: high Q -medium §,, high Q_-low §,,
and high Q —high §,. Shelf-edge trajectories that are slightly falling or rising (-2°<T,,<1°) can transport
coarse-grained clastics to the deep-water slope, forming sand-rich submarine fans regardless of whether the
system is controlled by icehouse or greenhouse sea-level conditions and whether sediment supply is high or
low. Moderately rising shelf-edge trajectories (1°< T, <4°) promote the formation of sandy highstand
submarine fans under high sediment supply conditions but are associated with muddy deep-water systems
under low sediment supply scenarios. Steeply rising or backstepping shelf-edge trajectories (1°<T,_ <4°
and 90°<T < 180°, respectively) tend to form small-scale sand-rich submarine fans under high sediment
supply, while under low sediment supply they are commonly associated with large-scale mud-rich mass-
transport depositional systems. According to this shelf-margin classification-based prediction model,
icehouse shelf margins with high Q. and low §, show the highest sand-rich potential in deep-water settings.
This conclusion is supported by borehole data, which reveal the presence of tens of meters thick
sandstones in channelized submarine fans, exhibiting block well-log patterns. These findings validate the
effectiveness of the proposed new methods for identifying suitable deepwater reservoirs. .

Key words source-to-sink parameters,  shelf-margin classification,  sediment supply,
accommodation space, prediction of hydrocarbon reservoirs
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Fig. 1 Deep-water source-to-sink parameters (sea-level fluctuations, sediment supply,

and accommodation space) and their classification criteria
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Table 1 Tabulation of representative deep-water continental margins and their associated sea-level fluctuations
and rates of shelf-edge trajectories
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Fig. 2  Schematic illustrations of shelf-edge trajectories (a) and their associated rates of shelf-edge aggradation

and progradation (R, and R ) (b, ¢) and angles of shelf-edge trajectories (T,,) (d)
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Fig. 4 Schematic illustration of classification of shelf margins based on the coupling
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VAR KT, TFA R, A -T4m/Myr, R H
8. 18 km/Myr, VLA W& T K 54 il 42 3 47 1T 78 B ik
(T,.=0.52°); h— AL Q, -1k &, 7K = Kl
(£ 2), TEX—IKEMZ &, WK AETILE
UKL PERRIE— b R R — b R 2 HT
S5 E IR B (& S-a) .

g TR (1°<T, <4°) RSB iE 5% Bk
SE GG b T R R o T EAH X T T2 48 BT (b
5,) M “fUE A" (Carvajal and Steel, 2006; Gong
et al., 2016; Paumard et al., 2018; Pellegrini
et al., 2020), 185 Q, KM, th s, MREWE O,
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Fig.5 (a) Regional seismic line showcasing source-to-sink parameters and deep-water sedimentary responses of a typical ice-

house shelf margin; (b) Regional geological profile showcasing source-to-sink parameters and deep-water sedimentary responses of

a representative greenhouse shelf margin ( modified from Gong et al., 2016)

JI i, DA 5 BSORL 54 i A0RE 78 A 25 23 (8] 248 1 7t
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(highstand submarine fan) , £ “{X®IHE AL 4 (K
Q)7 FMT, X FmzE LI (vhe,) mTak
0 TR B 1S UKL B2 3 B AR ARG AR, DA 5 B i
T B SR Y A I B WU i T AR R BLOR AR
BRI 32 UTUFR /K 22 ( mass-transport systems) , Hi
AT, W Q.- 8, — UK 3 Bl AR 30 Gk D R R B
S, AR Q.- &, — UK = Bl 28 i 4k W b 1 AR A
(E 4), x—Z5pn B 5-a Fros i b 3R
P BGZ FTIESE , Rl 8 BT E O T K 4 i - 122

fe 2 fF F, 8/ R, N 188m/Myr, R
9.40 km/Myr, BLrb i b T+ Y il 28 3 37 3T 5% Bk
(T,=1.15°); — WA E Q. - 8, IKa Rl
(£2) TEX—MKQ. -6, vkERizk b, HKRY
KRB “BOFE MR BRARE—m R —
Hg, U R AT MR xR R I 3K K IE
(K 5-a),

TR (20 < T, <20°) A fR) B ] GR A
(90°<T,, < 180°) [ili B35 1 3 ¥ 300 7 15 HN O J2
PR T TR R o TR AR T 9P TR B TR (78,
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Table 2 Tabulation of source-to-sink parameters, classifications of shelf margins and associated deep-water sedimentary

responses for some representative deep-water continental margins

R, R T, , S
WK Bl % b IR AREAR ) b ‘ ESUE &3 ST YK T AR 0 KU & 0 1k
/m+Myr™' /km-Myr™'  /(°)

, SEBLIR SR IR I — v e 3 2 VR N

f -74 8.18 -0. 1% Q. 11k 8, VK= i BN B

W v T i 7 1 52 AR Q.-1K 8, kEkiZk R B (B S—a) R A

B it . _ w0 _iths pkacppz BB BURRIRIE—RELE IR T
¥ i 188 9.40 115 Q. 8, UK sk 2 A OK T (] 5—a) e B
gL 535 6.03 5.07 B Q.- S, IKERZ% %waﬁ‘%ﬂﬁ%ﬁ%%wg B R RIG

HER(E 5-a)
Spitshergen [if; Z& 129 4.21 N/A N/A N/A N/A
Fili 42 34 2% SM1 N/A N/A 2.86 iR 0. -6, MERL  §=MMAMFLE (K 5-B) Gy
BhESE 25 SM2 R348 7 i N/A N/A 0.99 X Q. -k 6, WAL KHBE L & RIWEIEH (B 5-B) B RR A
it 48301 2% SM3 N/A N/A -0.53 It 0.~k 6, MERL KB R H MIEIEH (18 5-B) AR R
it 431 2% SM4 N/A N/A 3.62 RO~ s, MEMSE JHRET KR KE (& 5-B) B AR B ARG
BRITHE S (& 6) 95 20.88 N/A N/A N/A N/A
b4t % SM1 N/A N/A 1.40 Q.- s, TKE R % ﬁdg'g%g’%zmﬂmﬁﬁﬁéﬁﬁ AR o A
‘:P%ﬁﬂ . Ly —= N IRV

It 401 2% SM2 N/A N/A -031 Qs IKERiZ g%fﬁ SRR (T b g
fiti 450 2% SM3 N/A N/A 92.01 F Q. -k 8, IKEMi % KIRGEREMKORE (B 7)) EORERRK

e R ACKREIASE AT M BUE 3 R ARSI BB 5 T AR BRI T DT M BE 5 O ACRWIRHE LS 5 6 AR A AW,

W “#i 5 &~ (Carvajal and Steel, 2006; Gong
et al., 2016; Paumard et al., 2018; Pellegrini
et al., 2020) , & 8, A5 I — = FA YAk LLB5 8N
Bl 28 2 3 ARG 2R, DT - BOLE i i b 2R ) i 1]
1B 7Y [l AR 3 0 A B3 Wi 5 AR AE TR O X T A TR
KUIBUA R (PR ikiz 2 60K & Je ki 28 0 %
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NGHUE Q. — 8, — K % [l 401 G B I L i TR K 7L
U 2 A X e, K\ B MR A X R
(B 4) o X 250w 8 S—a fv s /55 10 42 3R
Bl 2% B IR S, 2 208 BT 465 DU 42 K 3 965 1 T 7R
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TEMR S TEARES . REATAE 4 PR Bl 22
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MR T A2 AL R, R RS
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JEF BRI B (Gong et al., 2016; Paumard et al.,
2018; Pellegrini et al., 2020); M5 m Q. 1K
8, ~ W& Rl 2L i G AR Q1% 6, i 2 i 32 300 2 e X
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BT B SR Ol 30 ~ 80 m,  FE i BE 2 10 km (]
5-b; # 2) (Steel and Olsen, 2002; Johannessen
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Fig. 6 Dip-view seismic transect illustrating migration and evolution of Pearl River shelf edges (SQ13.8) of the middle Miocene age
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Fig. 8 Plan-view seismic attributes illustrating seismic geomorphological features of the Pearl River shelf edges (SQ13. 8)

of middle Miocene age (a), and (b) corresponding lithological-log characteristics from the deepwater well
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