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Fig.1 Geological settings and location map of the study area (modified from Li ez al., 2021)
(a) depositional sketch of the Early Permian Shanxi Formation in North China; (b) location map of the Tianshengqiao section; (c) global

paleogeographic framework of the Early Permian; (d) panoramic view of the Shanxi Formation at the Tianshenggiao section
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Fig.2 Methodology for digital outcrop-based architectural analysis: modeling, interface identification, and
feature measurement
(a) flowchart of digital outcrop modeling; (b) diagram of bounding surface hierarchy and sandstone contact relationships; (c) comparison

of interpretation accuracy of a local outcrop; (d) lithological analysis diagram of the digital outcrop.
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Fig.3 Lithological column of the Shanxi Formation in Tianshengqiao section, Ordos Basin
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Fig.4 Typical lithofacies photographs of the Shanxi Formation in Tianshenggiao section, Ordos Basin
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Table 2 Summary of the bounding surface hierarchy recognized in the Shanxi Formation, Tianshengqiao
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Table 3 Identification features of sandstone architectural elements in the Shanxi Formation,

Tianshenggqiao section
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Fig.7 Architectural diagram itudinal bar and laminated sands in the 1st member of the Shanxi Formation,

Tianshengqiao section
(a) longitudinal bar in the section perpendicular to flow direction; (b) longitudinal bar section parallel to flow direction (adjacent section),

images were from the digital outcrop screenshot; (¢) lithological interpretion of (b).

I Z DML HIAA B BT, B TIRVABEREE R N 1~2 m, 2DETRGEER
SR E SRR EEATE 10 m Db Gtk DS B E AT, RIChKRAaE B S, B
R B 22, oy AR . A TINS5, 252 5 MK A =], (2
ZRAEMEKE TN . K, TORY WA 30K H s 27 K i R TR,
HEBINAA A N AR R KA SR B KT, T IR Bele =, R A BB &
BEZNERERE, REREZZ 3 HAM (R . MM EHEAES EEGHR Gm. Spl.
St #1 Sh (B 7¢)

434 ERE



Al

JERRP R R AT 8 TR 23 ULimT 3 P4 38, 3 mT RS e et R AE 20 TP A M T2 i, 30
WA B KIS H R 5 T B P i OAR o 12 A RUAE T 1T DUE AR, 1T |2 2R
fi. BEBEE—B/NT02m, ZESERIEEAEECK. RATRZBONTE, L6
S9PRIRIE (B 7D .

SRR HEAPE CLh— 4kl a B b A N, nBRE S BR, 2 EETZEm, Rk
BOKIBENE KA RE RIS . ORI LRI LB . R A 2R T AT
JREAUNAZ AR IR, R KB RIE R & KB /e . A AR & 244 Shy Spl
MFlg (B 7c) o RREAEFSHAINEHLEM, ZRETHMPTE, ZHURF LN 4
G, NI 1 AN 2 HATCAE G4 o« ERB EEZAG T 1l 1 B R AT,

5 g

5.1 EHAHMBEIR B FE L —ADIENT A P4

W PEAH TR, B K 1R AR P 77 TR, 502K 22 307 M X S 16 2 U v = A I iR
Wi, ILVEH NHRE REE (LZmbaE) BA “Smik” FRHE, FEb— R
HIUVHZ RIS R (] 8, 90 o« I 2 QI Al ) B B IR, B4R RN 1~2 m,

TN T 20~60 mo EH, HAAARNPRIOE AT AMREITE KSR (Miall, 2014) ,
R FE TR S BT TE R A, 4 AT i N I E IR DY 1~2 m. BRIk, AT B

PLIXBEHRIR KB BLA “— Bk . — B3 I0HF Al BAREP 2 R & TP 050 5m 1& )18 2%
RNV I8 K 7 5 B SO BN ok I AR & o JL 2 VA D A bn i 3 A AL 0 0 B T AR TR 4R
REBET R AE T REDIR, (HEH AN R E I AR R AR S T ), s R AT
PRURIX o

g E (b 1-2, W13 42D, KE I ER - RE (K8, 9) . BE
JEEHE KT 10m, BWERT 200m CRILALE o WA N IR RARITRY), i b &
R RRDRLAT S0 5 M Bl o S AT 7K R S 1N, ELVAT T8 A AR TE RFER KT o W ) D 0 Ak
TAKTHEE, SKRFEEEESSHRSEH S, IR EESKIN/KE) HSiER K,
eEX AL FTE (James and Dalrymple, 2010) o



TeBEE SRR My R R IR L 75 23R T A TR AIE

5.1km 7.0km

D116
GR | [RioB

i A % =
Bl i3 Toh o
: - =AU 39%
[ E B (] ] m PIB A ER  22%
FYImiE R A R h-HBE mBE RE B RWEL QB - 399%

B8 SRR 2 i Zartth oK A A< HH Ly 75 ZH A4 22 - A ]
Fig.8 Distribution of sand-body architectures in the Shanxi Forma?fo)n‘, Daniudi gas field, Ordos Basin

B/ A
\S]

1 —_ e . - 4. q_ __________________________ L
0

JJJ22 ty2- t1-3 ti1-2 th1-1
TYIAE (n=5)_ % 1‘5@” (n=4) = YW (a=5) = EWRW (n=9)

N\
i

R T L 7 2EL B A R A AR
(a) TUNIELLIA SN . 4540 — RN B NG 7T (b) BOE RS IURIRR AR B, M I — Mg i
JEs (o) PR AHALHTE: () BRI U EESETTRINI IR LR & NG

Fig.9 Columnar distribution of sand-body architectures in the Shanxi Formation, Tianshengqiao section
(a) incised channels: a single channel deposit with clear boundaries and simple internal structure is used as the statistical unit; (b)
transverse bars: formed by stacking of sand bars and gravel bars, thus treated as a single statistical unit; (c) longitudinal bars: a channel
bar complex is used as the statistical unit; (d) laminated sands: a set of continuously deposited sand-mud interbeds is used as the statistical

unit

WIPEA EE Q2 B 48R3 0 8 78 H) 0 _E 3 2 TP RN s, B R
BHTUE, TUNRERE 8m (K5, B8 o MIRTRUIREN S 2 M B0 HT, #AUAH
—IRSLITE I N YT R, HS U WY R 5 A BRI B AR OG, dnvk DKGE R 0T D0 72
(Miall, 2014) . #AM, [R]—Hf BB 4 R0 225 BB EERCOR ™), xR
[ T 1 0 AR, SELAWE 1) 52 7 T [l R 36 1) 2 S48



x5 WEBT/ASHERITR

Table 5 Geometric parameters of architectural elements

[apEL B B/m B /m B JE L BN A (A R B /m FeJZ AT (Fk/m)
60~150 7.2~10.5
FYUNiE 11.0 / 0.22
95 8.6
200~500 4.2~14.6 1.5~3.3
i 31.4 0.15
320 102 22
5.4~18.2 12~2.5
A nx10'~10? 48.5 0.77
12.5 1.8
0.4~6.2 0.1~0.2
JZLIN nx102~10° 142.8 4.16
32 0.15
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Architecture of Distributary Channel Sand Bodies in the
Shanxi Formation, Northeastern Ordos Basin: A case study

of the Tianshengqiao section, Fugu, Shaanxi province
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Abstract: [Objective] Tight sandstone gas in the Shanxi Formation of the northern Ordos Basin is one of the
major productive intervals. However, marked variations in vertical superposition relationships and lateral
distributions of sand bodies across different members of the Shanxi Formation pose significant challenges to
development well placement and the optimization of productive zones. [Methods] This study integrates field
profile measurements with unmanned aerial vehicle (UAV) oblique photogrammetry to construct a
three-dimensional digital outcrop model of the Shanxi Formation. Based on lithofacies classification and
hierarchical bounding-surface identification, a detailed sand-body architectural elements analysis was conducted to

investigate the superposition relationships and distribution patterns of different architectural sand bodies.
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[Results] The results indicate that: (1) The Shanxi Formation was deposited in a delta-plain environment, with
sand-body mainly occurring as braided distributary channel microfacies. Under a warm, humid climate, dense
vegetation flourished, inhibiting distinct crevasse splays; instead, overbank flooding (splay deposition) became the
dominant process. (2) Four principal architectural elements are recognized: longitudinal bars, transverse bars,
incised channels, and laminated sandstones. (3) Vertically, the sand-body architectures of the Shanxi Formation
show a clear evolution: the lower part consists of a composite of longitudinal bars and laminated sands, the middle
part is dominated by transverse bars, and the upper part is characterized by incised channels. [Conclusions] The
orderly variation in channel sand-body architecture within the study area represents a response to the gradual
closure of the northern Solon Ocean and the concurrent tectonic uplift in the northern Ordos Basin. This tectonic
uplift drove the evolution of distributary channels from an early, wide and shallow morphology, through an
intermediate, wide and deep form, to a final, narrow and deeply incised channel style. Our study elucidates the
coupled tectonic-climatic controls on channel evolution, architectural differentiation, and reservoir heterogeneity
under the synergistic control of tectonics and climate, providing a novel perspective for reservoir characterization
of the Shanxi Formation in the northeastern Ordos Basin.

Key words: sand-body architecture; channel; Shanxi Formation; Tianshengqiao section; Ordos Basin
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