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Abstract  Shallow-water delta front sand bodies are widely developed and represent important
hydrocarbon reservoirs with high exploration potential in continental basins. However, frequent migration
and avulsion of distributary channels result in vertically stacked thin interbeds and laterally interwoven
distributions, leading to complex architectural patterns. Under sparse well coverage, this complexity
makes reservoir prediction highly challenging and less accurate. This study takes the Member 1 of Jurassic
Shaximiao Formation in the Tianfu Gas Field, Sichuan Basin, as a case example, and proposes an
intelligent prediction method for thin sand bodies by integrating multi-frequency seismic attribute automated
machine learning ( AutoML) with waveform indication inversion ( WII). Laterally, optimized frequency-
decomposed seismic data were used to automatically select key attributes and integrate multi-model
learning, building nonlinear mappings that improved the correlation between seismic attributes and well-
derived sand thickness from 0. 64 to 0. 82. This enabled quantitative prediction of sand bodies under sparse
well control. Vertically, WII introduced facies-controlled constraints and used uranium-free gamma ray as
the inversion target, allowing stable identification of sand bodies thicker than 10 m and reliable responses
from thin layers of about 4 m, and establishing seismic response templates of architectural element
assemblages. Based on these results, four types of architectural elements were identified; distributary
channel, residual mouth bar, levee, and interdistributary bay. Furthermore, six stacking patterns
including vertical superimposition and lateral accretion were summarized. The results also reveal that,
under different depositional cycles, isolated narrow channels and compound wide channels show distinct
spatial distributions and vertical stacking characteristics. In three dimensions, a spatial differentiation
pattern was clarified, evolving from near-source net-like distributary channels to distal tongue-shaped and
lobe-shaped mouth bars. Finally, a depositional architectural model of the shallow-water delta was
established. This study achieves fine-scale multi-level architectural characterization under sparse well
conditions and provides new insights and methods for efficient exploration and development of complex
shallow-water delta reservoirs.

Key words shallow-water delta, multi-scale architectural characterization, thin sandstone body
prediction, automated machine learning, multi-frequency intelligent attribute fusion, Shaximiao
Formation, Sichuan Basin
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Table 1 Identification panels of architectural elements in the Member 1 of Shaximiao Formation in Jianyang block, Tianfu Gas Field

g0 K = A0 N RTZ
e K 4 inl T Wi ST
F T R R QURDE oA WS . KD Rt BT
N FAT . Ak Rm T r s S
o E, LAk T B / /
AT P IEANTY . 5T T I AL ST s B IR T 3 ek
GR/APT |3 o pr i GR/API |y " GR/API |y o, GR/APT |y v
- SR el | SRR e | |5 S R | S
]‘ﬂl]ﬂ‘ F 2200 F 2290 F 2320 :E
ke i =
m}lﬁ 2210 F 2300 T~ [ 2330 —
2220 2310 :— 2220 :: F 2340 ::
2230 2320 :: k2230 :: 2350 ::
- = = .. L . o o
= =] [ YR B LY ee
_ = = - . . o o o L[] L]
W BEBERREE A R HbE  TARE MR wpRIE BURESEE M U




‘(IM K

1590 + W E

#& 2026 4 8

3 EAMERRMEIRIAE

3.1 ETHIUNBZZINSMEHEME
B 42 T )

TERRGL IR S5 PF TR, MR 8 P 43 W 475 22 7500 i
SRS A 1 S o T BE 2 —, {32 VR O
W, PRUE 5 WRAE BAEAE 2 RPE, B FEIR T =R
& X RS IR IR BBy, Jn e R A A
K=SAMAR R P R (Liet al., 2019; HK T
4 2025), BFSEIXEFLZ 1200 km®, $h36% 37 1
S, HAREI/ AR 27 0L KFEIE 10 O, R
GH ALY, B 5 1km, &/
1,45 km, 57 BT 5 69 R % % 0.031 11/ km”,
AR T AT & X L& B % (23
1/ km®) R FG6h B2 B9 JF & JEBE (29 0.4~0. 8 km)
(IR L4, 2013) o BB IE X = 2 M 5% 58 kL 4
X B, {H R VR £ 2 39 Ha, HRSE 14 ~
64 Hz (18] 3-a) . WFFEIX/NZIZE T2 30 m, i
b RS IR R R (10~20m) , % E A
ORISR 2 30,37 m, @& T HFSE X H AR Z B
PRIERE, SRR 5 PR AL TR — %, 52
RN S Z R, BT 2 R RN 5
T 9 A JEE o 5 B G M 52 R M A U R A
PERAAG, Hr i KA E R BAL R 0.64 (% 2), 1Y
RE S e /N2 G0 UK 1) 2 LR AT R 4, W LA 52 B X i 4
ZIR A 2, ST R E SR ZE S A
WAATE R AR AR R R, B R LN Jr i X LA
JE T2 0 )2 A e T A K
3.1.1 MWL ESEMMRIE

B A B R R M S M RS B R, HZ
WIS, AR ATAEAE 2 bk, R B

M BRI AT AR, AL G 20 B b AR JE M LA
PRI B (Li et al., 2019) . 3 HiH A2
R P o A BRI e /N IR IR A S AR R SR G 1k
W 1L 752 R Ao I R 5 2 R SR AT 0 i . /N D
Xt T v A 4 B R A ) ) 7 4R TR R A R, X
T 43 12 (5 F 5 I [R) 7 384 AT R Ay FE Rl ad B
32 L A 10T AT A R b R U A 4% b A R T
FRFFIE (RS, 1996) . L, SR A& T Mor-
Let /NI 0 Bt 990 78 e 1 A, %o L i 5 R AE A Ak
M e A L 10 Hz A5 BE o] BRI 20 9 AN B, 254 TS
JRE S HM)ZE 5 ~20m @K, i 50N
23.4Hz (¥ 9% 14.8 ~32.0Hz) . 41.7Hz ( #ii %s
26.2~57.2Hz) ., 52.2Hz (#4555 34.8 ~69.6 Hz)
O AN LI =P € R N ES R DI i D7
i 1A S 8 O] B T JELA M AR B, BRAR B TR AL
ARG, P TEEER.

AN TH) Hh 7% P B 95 DAAS [] Ff BB SRAE Gt 4 )2 4%
fiE, Hor R e 288 M T LA AR R A v L 20 D
JEEE ML RE A B TR B2 A W2
S5 IR S A B Wit 4 ) A I (]
Ak (KA, 2022) AW 5T 3E BUI H BE R 5
G927 T, 3 IR R 2 L AR R s R R
(2 2 T R PR AR O 1, A PR A S E M,
PRI . AIOEZE . AR 2K RIS 21 B LAY
ToaR M5 B MR R o o BT 4% TR A S D A R A
ek, LR E) 10 Fh 5 R B AR C R AR F 0.4
% & Ve, i TR 4 b 2 R Tk R) 3 4R AR
(SR A SE ), IR T 7 b 7% 22 i 1 il win F)
oW B R H AN 10 B 52 8 vk — 2 X4y 3
F(E 4), G548 KRR M5 rb RS B 1M 56 R
B, AR S R R IR A M SR i 3 R

l‘oﬂ 39 Hz

1.0 )
b|  23.4Hz
— R
it
E = { \ 5 A
= , i 14.8 Hz 1\ 32.0'Hz A
A\f 0.5F 14 Hz 64 Hz e\_d 0.5 l\ Y
; g j ‘\ N
0 T T T ) — T T T T
0 20 40 60 80 0 20 40 60 80 100
$i % /Hz i % /Hz

a— JFUUR M RR ORI 5 b— 0B Ak B 3t 2 A
B3 R P X v — B 7 i

Fig. 3 Spectral analysis in the Member 1 of Shaximiao Formation in Jianyang block, Tianfu Gas Field
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