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Characterization and modeling of sweet spots in tight sandstone reservoirs of the
Jurassic Ahe Formation, Yangxia outcrop, Tarim Basin: A case study using
conventional outcrop data and UAYV oblique photogrammetry model
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Abstract: Given limited studies on the origin and spatial distribution patterns of matrix-type reservoir sweet spots in tight
sandstones, we innovatively develop a methodology that combines conventional outcrop surveys with modern unmanned
aerial vehicle (UAV) -based oblique photogrammetry. Specifically, hierarchical constraint-based architectural
characterization approach is integrated with three-dimensional (3D) geological modeling and a range of modern
analytical and testing techniques, including conventional porosity and permeability measurements, thin section

observations, scanning electron microscopy (SEM), nuclear magnetic resonance (NMR), elemental analysis based on
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X-ray fluorescence (XRF)/X-ray diffraction (XRD) , and computed tomography (CT) scanning. Using these
methods, we systematically perform lithofacies identification, interpret representative outcrop sections, and analyze
the differential patterns of reservoir quality. Furthermore, we conduct 3D geological-engineering modeling and
examine the spatial distribution pattern of sweet spots. The research results indicate that the integrated application of
traditional outcrop characterization and UAV-based oblique photogrammetry significantly enhances both the
dimension and precision of sedimentological investigation. A total of 12 lithofacies types are identified within the
braided river delta in the outcrop area. Among these, distributary channels and distributary sandbars constitute the
primary sand body frameworks, while mudstones deposited in interdistributary bays and abandoned channels act as
key baffles and barriers. Three patterns for the quality difference of tight sand reservoirs are identified: (1) a filled,
positive-thythm pattern, typically characterized by upward-decreasing porosity within individual braided channels;
(2) a lateral-aggradation-controlled migrating and stacking pattern, which exhibits a distinct progressive decrease in
porosity along the lateral aggradation direction of channels and, accordingly, forms a complex, multi-stage,
superimposed positive-rhythm structure; (3) a composite pattern that integrates the characteristics of the preceding
two patterns. What’s more, 3D geological and engineering parameter models are constructed based on the reservoir
architecture bounding surface algorithm. Using high-precision digital outcrop data acquired by UAV-based oblique
photogrammetry, we successfully develop the 3D models of key lithofacies-controlled parameters, including
porosity, Poisson’s ratio, Young’ s modulus, and the brittleness index. These models comprehensively reveal the
heterogeneity of tight sandstone outcrops at multiple scales. Based on the evaluation criteria covering geological and
engineering parameters, the spatial distribution patterns of reservoir sweet spots in tight sandstones are identified,
and the differential spatial distribution characteristics of various sweet spot types are further examined. The results of
this study provide an important theoretical basis and practical guidance for future exploration and exploitation of tight-
sand hydrocarbon resources.

Key words : unmanned aerial vehicle (UAV)-based oblique photogrammetry, sweet spot, reservoir heterogeneity, tight

sandstone, outcrop of the Ahe Formation, Tarim Basin
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Fig. 1 Geological map showing the northern structural zone of the Kuqa Depression, Tarim Basin
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11 31.87 23.43 1.36 32.69 35.65 0.92 22.47 26.35 0. 85
12 31.22 33.88 0.92 10. 46 23. 11 0. 45 46. 42 40. 20 1. 15
13 26. 30 24.12 1.09 27.38 36.03 0.76 20.71 13.98 1. 48
14 10. 10 16. 63 0.61 21.73 17.42 1.25 22.90 23.10 0.99
15 24. 88 16. 72 1.49 11.05 31.23 0.35 13.77 43.38 0.32
16 48. 66 30. 38 1. 60 29.05 32.99 0.88 19.70 17. 14 1. 15
17 11.79 38.99 0.30 52.82 36.93 1.43 54.48 29.72 1.83
18 33. 46 33.28 1.01 48. 33 45.79 1. 06 12.47 26. 05 0.48
19 10. 47 28. 06 0.37 — — — 27. 65 25.43 1.09
20 — — — — — 46.51 36.70 1.27

T ARG o 1 T2 25 T 0 USRS AR B f) T D) L5

D FIEE BE B e (B (151 3d)
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Table 2 Lithology, porosity, permeability, and mineral composition of samples from filled braided channels in the Kuqa

Depression, Tarim Basin

WAL 1%
R i s Ak FLBREE /% BER/(107 pm?)
FaE K B
248 Y-k RS 17.01 12.20 45 12 43
249 A -Hoki s B b A 15.92 4.01 45 13 42
250 MR A B — 2.37 44 15 41
251 AokLE B — 4. 40 44 12 44
252 HokE E 14. 07 1.78 43 13 44
253 -k A B A 12. 68 0.75 41 16 43
254 oKL TE D 15.85 5.89 45 13 42
255 Hh—rPoRL A T A 15. 63 4.32 44 11 45
256 R KA E B S 16.55 10. 40 43 15 42
257 gi-rhRr S B A — 13. 60 45 11 44
258 Y-k KA A B s — 1.79 40 16 44
259 Y-k T b 13. 88 1.62 39 10 51
260 TR A RS 13.34 1.33 42 14 44
261 gil—Pobi KA S B s 12.75 1.39 38 16 46
262 Y-k JE i s 13.26 1.41 42 11 47
263 MR A B 13.01 1. 60 41 15 44
264 R KA E RS — — 41 15 44
265 ok A 13.32 — 40 11 49

L R AV 2 g 4 €

FAGE % B S LI 2 B 2 O G R (B
KRER? > 0.85) , LT FE Bl AL 2% B 15 iy 52 Ge v e
Ko 3E kit 240 AU A AT 55 LB BE A i B, L AR AL
Wit J3E 245 ) AR Ak B e R < W00 1) Jon R 1) L Bt 2
S PR 35 DR AIE RS AR D R 5 1) 18% [ il 1) 2% A,
SHAD A 12%) , H 2 BIBUA S B U2 A a2
(& 7b) o X — KR TS BB A E N,
HUAE N T RLE B BT T AR A % )2 T S A
3, ECERD A TS B AR AL TR B K 5 Tk
HE(E3).

3.3 E8EENRKE

S5 TR ACGE W0 A LA A Gm F CSLoR T
BT SR FRy 0 e o AR DR SE A S OB AR .
PR S P Al 2 B A 3 i LR ) 9 T G A% TR AR
FRAE o FLBRRE 23 B 46 7 H 2 F) 25 T A ML <
A ris) o AR 1] LR % i 1 R e (ph R 19% =k
0 12%) , .22 9100 i) S A JE U A8 A T 7 e
Fy(E Te) o XM 22 B FLIREE A e 752 &
TYSEIR K TE A 8O0 i) 3 % — 3 i) SR A2 B DUAR

AR, HAEZ i 4 SRR I s T — 2R K
H(FE4),

4 Bk YR R A

AT FEIE i 5 R S BURE o A I e 5 K R
SIREEOR S T R AR RS R AR . ST
FEX R Z (FLBRE > 8%, B34 > 0.1 X 107 um?)
{18 73 A AU BT, A T 8 S IR A5 2 [ A7 T
Y 2RI SO B R 3K 85% LA b, Sy T B b
=TSP 5 I AT AR SR T AT SR Y M o
Wi

4.1 IXEATYSHEESEUSE

4.1.1 ZELH s

WE5E A2 P TR o ke b b s
Yimb A 425, A P URRAE 2% (K1 8) o Rockscanner
DA o« R Do 3y 32 (5 52 86%) , & D i
KA (10%) K Hp i 41 (4%) s i A b e & &l
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Fig. 7 Porosity distribution pattern of braided channels observed within outcrops in the Kuqa Depression, Tarim Basin
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T E 62%, PR B K A 13% PR A7 9% M s 1 A
6%, FRFI N AT E T (F & 62% ~ 86%) [T 4
HAFE , K AARZ(10% ~ 14%) , % +0 %) (=i
£1 4% ~ 6% A F) A 9%) M HoAth 2H 43 (4% ~ 10%) & &
B, B Wt R TR R B A P A DX 3 — Bk

4.1.2 45 EIUM M4 AE

ABEFER LA L CTHEAR 255 IR UE A |

A REPRACE AR FL B

R RN AN d XU NPT B 3 R e 2

@ﬁ*ﬁﬁ%‘,ﬁﬁ?ﬁa\*ﬂ/E*ﬂ*@%(?ﬂi@%ﬂi(mﬁ)
MFLBR SR IEAT T RGEFRAE . ML R B P58 X
itt 2 LR SR E AR E LS A TE O ~ 200 pm JE A .
o TR A FLBR B B AR (1. 69% ) , 6iF 2 FLBR 2530 B AR 0 A
JEHEIFE L ~ 12001 wm, AT 6 500 ~ 8 000 pm [X[H]
PI/INL R 32 RALE UL s M LR v 45 (4. 30%) , it
JEALBRAF R B AR oA 5 BR A AL ~ 12 001 pm) ,
I X [A] 7E 7 500 ~ 8 000 wm, LI/NL K T, RE & B K
FLs b LB K 3. 50%, i 2 LR 28 B AR A A 48
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Table 3 Lithology, apparent density, porosity, and
permeability of samples from the lateral-aggradation-
controlled migrating braided channels in the Kuqa

Depression, Tarim Basin

530 b 2.33 15.74 8. 44
531 ERMEEbE 223 17.11 38.70
532 EERM S 2.21 17.71 55.30
533 HERMEE 2.32 13.49 1.83
534 SRR — — -

535 EERMEE 2.32 16. 09 8.10
536 EHRMEENAE 2,30 16. 12 6. 68
537 EHEREERE 2.33 13.85 0.85
538 b 2.32 15.85 8.02
539 biikEay 2.26 16.21 4.06
540 WA 2.29 14.79 2.75
541 bk 2.38 12.81 4.58
542 ik 2.24 17. 06 47.00
543 ke 2.20 17. 84 —

544 b 2.23 17. 14 13. 60
545 PR 2.22 17. 445 31.30
546 EERHAE 2,17 18. 56 68. 60
547 EHERMES A — — —

551 ik 2.20 17.85 186. 00
552 itk 2.18 18. 68 205. 00

T =R s

% (1 ~ 5000 wm) , 7E 1 000,3 000 F15 000 pum 42k 5 3
ZUERRIE , LI/INLOA 3 L R B, BRI FL B (i
/NIE9),

4.1.3 4B T RAKIIE

IEnE IR POES @ A VR i DN AV IV SRV i
GRS CRLIE DUARAAIE A TR B FLBREE F 55 ) ¥ LA
S RAL R S A RRAE . L, AT BE P 5] A
HAOTFZRURR AR HE R [6] -5 %l 1 1378 LR
{E) A7 B (DU RE 1 48 b5 ) B P45 5 (AR 3 xfe
SRR o SEERUE W WESE DR A e e
RLJE L AR, DRSS 20, R A I FE R LR G
[ERI P SE- TS

4.2 T|IX=HMR-TRSHER

LA 3 55 K B JE AN HILEC 7 S Sk Ko o 2l L
7% K i R B B — AT 30 SO 9 AR A R T E T

R4 BEARGHEFYHESEURKEERANETS
FL—EHHE
Table 4 Lithology, porosity, and mineral composition of
samples from composite braided channels in the Kuqa

Depression, Tarim Basin

— ; Py

ﬁif b LB R E;%ﬁﬁfig%
1291 hHRRK A R 19.21 39 19 42
1295  HRATRKAREDE  16.03 41 21 37
1297 gtk A E B S 15. 44 40 20 39
1298 ok KA s b 15.98 39 20 40
1302 PR A R 15.25 38 20 42
1303 PR ACH B 18. 08 40 21 39
1306 - AE B S 19. 59 37 19 42
1310 MR KA E S 16. 07 39 20 41
1313 AR A S B 14. 60 38 20 42

1314 R R 14.58 40 20 39
1315 kK B R 16. 37 39 21 40
1316 kKA E B A 16.15 37 21 42

1317 NERR A A B 13.37 38 21 41
1318 MK KA A B 15.95 38 21 41

1323 MR AT B S 19. 15 41 20 39
1324 MR AT H b s 19.21 40 20 40
1325 MR A H B 17.45 40 20 40
1326 MR AR B S 17.82 41 18 41
1327 MR A TR 19.61 40 18 42
1328 AR A b 18.32 39 19 42
1330 PRI A 18.75 39 20 41
1333 H-hRRK A A 16.33 41 19 40

1334 M-PRK A E RS 19. 14 40 19 41
1335 SHRMBLKATEED S 19.67 38 21 41
1336 MR A B S 16.29 35 20 45
1337 EFRHRRAEEDE 1566 37 21 42

AR v B T AL R ST 0 2 OOT RS AN Y B
Se SR8 10) o 8 T R 48R I TSR AE I 1
Kot (BRI mR AR 22 B D795 ), 45 & e 30
o] 3L 7 AL 5 & =X 3 AL B A A =X, T
TARPE LT B = 42 SO AR &R 455 LB L AL
B 10a) JA AR LR (& 10b) | A7 TG A 2
(1 10c ) e 1 38 B 21 (P 10d) o 32 A5 Oy 125 52
BT it J2 A B A ) o3 A LA 25 5 A R 4 A8 A A
HERAE

FH RS 3 T T 5 4 s 1 S 3 AR AR G R AL
e Al CSe AN CSp R BUH e LAY LB E (4% ~ 18%) ,
ooz 8] o3 A 52 8 3 20 g RUARE 5 S IR J A A
i XLl R E S EXZHAG D
Ay, = AEASE R I 20 im0 1 LB RE A AR 2 BURRAE (FLBR
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Fig. 8 Microscopic images (a—d) and corresponding mineral compositions (e—h) of reservoir lithologies in the Yangxia outcrop, Kuqa
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Fig. 9  Pore structure characteristics of various reservoir lithologies in the Kuqa Depression, Tarim Basin
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Fig. 10 3D geological and engineering parameter modeling of the Yangxia outcrop, Kuqa Depression, Tarim Basin

a. FLBE ;b JARALL se. #7 [RBEHE  d. MEMEFEEL

T A BB e (Si0, R 3 ) HLA P s Ay A R e
PEFRIE , FEAA R I IR FH T 3 5 I Sl R AR 4B 45,
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2 T140%)
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BRI SR L]
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Table 5 Classification criteria for reservoir sweet spots in tight sandstones in the outcrop area of the Kuqa Depression,

Tarim Basin

g % 2 JI[EN \ES
ey it RS R P -RLEb A P -4nRb s T4 MDA mibs
P M?“iﬁﬁggigg‘ ﬂw‘%ﬁ;ifg ;;%%E‘ HIAR S HER I e BRI kT 5
FLER B 1% 11~13 9~11 7~9 5~7
MEL/N# 0.12~0.18 0.14~0.16 0.14~0.21 0.19~0.20
1 AR /GPa 30.76 ~ 68. 51 44,22 ~ 68. 37 21.78 ~ 54. 56 37.04 ~ 38.45
e E 0. 81~0. 98 0.90 ~0.97 0.81~0.94 0.77 ~ 0. 80
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Fig. 11 Schematic diagram showing the spatial distribution of reservoir sweet spots within the braided river delta in the outcrop area of the

Kuqga Depression, Tarim Basin
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