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Abstract Authigenic kaolinite is developed in the tight sandstone reservoirs at the bottom of Xu 4
Member in the Qiongxi-Baimamiao area of southwestern Sichuan Basin. To investigate its formation and
preservation mechanisms and their relationship with high-quality reservoir distribution, we conducted a
comprehensive study integrating petrophysical analysis, rock thin sections, scanning electron microscopy
(SEM), fluid inclusion analysis, cathodoluminescence ( CL), and in-situ micro-scale carbon-oxygen
isotope analysis. This research focuses on analyzing the microcharacteristics, formation stages, formation
and preservation mechanisms of authigenic kaolinite, and its impact on reservoir quality of the Xu 4
Member tight sandstones. The study reveals that the tight sandstone reservoirs of Xu 4 Member are pre-
dominantly composed of lithic sandstones, and the reservoir space is dominated by intragranular dissolution
pores, with lithic intragranular dissolution pores being the most prevalent type. Authigenic kaolinite in the
reservoirs predominantly exhibits “worm” and “accordion” shapes, filling intergranular pores and intra-
granular dissolution pores. The reservoir contains two distinct stages of authigenic kaolinite formation, both
derived from the dissolution of aluminosilicate lithics and feldspars within the reservoir. The early-stage
dissolution was facilitated by humic acids sourced from adjacent coal-bearing strata, while the late-stage
dissolution resulted from organic acids generated through decarboxylation of mature organic matter in
mudstones. The potassium feldspar content in the sandstone reservoir of the Xu 4 Member is relatively low,
providing only a minimal amount of K*. When late-stage organic acids are charged, the formation tem-
perature is relatively low. As diagenesis progresses, the organic acids are gradually consumed. Meanwhile,
a significant amount of Fe** and Mg”* from mudstone participate in the precipitation of ankerite and are thus
depleted. Consequently, the concentrations of K*, Fe’| and Mg’" in the diagenetic fluids are insufficient
to facilitate large-scale illitization and chloritization of authigenic kaolinite. The formation temperature and
the organic acid concentration can not simultaneously meet the conditions necessary for the transformation
of authigenic kaolinite to dickite. As a result, authigenic kaolinite has not been able to convert in signi-
ficant quantities into illite, chlorite, and dickite, and has been preserved to this day. Therefore, sand-
stones formed under high-energy hydrodynamic conditions with coarser grain sizes and better sorting exhibit
stronger dissolution, resulting in developed authigenic kaolinite and superior reservoir properties. Research
indicates that the unique preservation mechanism of authigenic kaolinite in Xu 4 Member has partly
maintained reservoir porosity and permeability. Moreover, authigenic kaolinite content can reflect the
intensity of dissolution, further indicating the quality of reservoir properties. Consequently, kaolinite
content can be used as a reliable marker for identifying high-quality tight sandstone reservoirs in Xu 4
Member of the Qiongxi-Baimamiao area, southwestern Sichuan Basin.

Key words Xu 4 Member, Xujiahe Formation, tight sandstone, authigenic kaolinite, preser-
vation mechanism, Sichuan Basin, Qiongxi—Baimamiao area
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Fig. 2 Petrologic characteristics of the Xu 4 Member sandstone reservoir in Qiongxi-Baimamiao area, southwestern Sichuan Basin
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Fig.3 Types of reservoir spaces at the bottom of Xu 4 Member sandstone reservoir in Qiongxi-Baimamiao area, southwestern Sichuan Basin



‘(IM K

BEIASE . A AR TR S BRAT AL BCH T BUE B A iR R P B R R

B2WE H2H

LAV 79 R IR 7Y — 15 - Jei iy X230 4 B Sy 191) 587

TR I R URE 8 B AME B AL (1 3-b) o Al
A LA A1 BURL U A BE A T T S R R N I AL
(K 3-c), PAS A= v 0 A7 & AR U0 3E AT T8 B i
Al AL (B 3=d) o Behh, 18 0L J 38 A 7 A % h 1]
fLCOK 3-e) FIZREE ()& 3-1)

2.3 YIE4HME

U PG A S VG — P 2 ek i DX 200 PO B 2 40 42
B G o A R SR WY . Y B b i AR 2 LB
AT TG K 0.43%~5.51% , F-2({H 2.83%, F &
O ATE 19%0~5% Z [6] (8] 4-a) o 537 3250 A i Hl
(0.000119 ~ 1.15) x 107 um*, F ¥J{H 0.0224 x
107 um®, F % 4 A /£ (0.000119 ~ 0.1) x

30

(a)

25

N=481

20
| L N I
0 J 1 1 1 1 1 0 1 1 , B, J
-3

107 wm® Z il (& 4-b) ., Bk b, BF5 X 4009 B
B0 ik 4R 2 B I B b A )2, AL
AR IE R, FLBRIE 598 3 R HAT — & B 1E A5 6
R (E 4-c), RMEERE-FLRAHER,

3 BEBSIKREYRIE

3.1 BAEBIBEMMISE

BRI I 47010 B B B 3 B S 2 2 P 7 4
Hi BT A R, AR B TR
(P 5-a), BRPRHLF 22 505 Uk . TR
(P 5-b % 5-d), ZEWIHR 6 F £ 5 % ik ik 6 Fik
Bl G 5—d, S-e). B LB E RS IR A BORL I

70

(b)

N=415

S

0 1 2 3 4 5 6 107 10 107 10" 1 10
LB/ % BB /10" um’
10
(c) N=415
s 6} o °
o (o) o
° (]
© )
§=
s o1k
S
%
QA
’ 0.01 |-
0.001 |-
(0]
o
0.0001 1

3
FLBREE/%

a—fLIE S E T b—B B RN H B c—fLRESB BRI SR
P4 1P g IR P — s b X2 DY B A D S i AR A MR AR AE

Fig. 4 Petrophysical characteristics of sandstone reservoir at the bottom of Xu 4 Member in Qiongxi-Baimamiao area,

southwestern Sichuan Basin



_

CM K

588 + W 2 F # 2026 4 4 A

i H
x 2000 kV_170 ym

a— {/E R A B R BN T R R AR B TOR TR A AL R AL, PIS HF, 3492.75 m, FAEL; b— A AL w7 2 0 HOR ST IR
HIBRAEL, P12 3, 3245.05 m, Ffiot; c— [ AWl £y T REERGEEORL AL . RN AL, PIS HF, 3492.75 m, Hfldt; d— A 4wk
A7 FEHORL AL ADRL AL, PI7 IR, 359561 m, ROt e— F AU 4 R BEWE 4 WREE R (O ST HORL [ L ADKL N AL, PL7 JF, 3595.61 m,
IR BN —8EA=A . Haf . BA RSO RIRIEL . RLAEAL, PI7JF, 3595.61 m, $iob; e—BB oA . B kIR, ki
WAL, PI7JF, 3595.61 m, IEZCMIL; h—¥k b afr . AL A ORI AL, RiANESL, PI3JF, 3353.65 m, Hfidl; i—8km = AL
Rl AL BLPIE AL, P13 JF, 3353.65 m, TESCHROE; j— A BW/EM AL . AAER WA SR L. B AL, Pl6 JF, 3351 15m, H{R
ot k— FAE R A TR AL, PIS IF, 3499.88 m, LG 1Rl 5 A4 E e a3t 4, PI3 JE, 3352.86 m, fAfHE
B 5 )ITE R IR PG — K b b DX A0 DU BOIS AR A0 5 i 4R )2 B 2R v 0 1 WL AR
Fig. 5 Microscopic features of authigenic kaolinite in sandstone reservoir at the bottom of Xu 4 Member

in Qiongxi-Baimamiao area, southwestern Sichuan Basin
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Fig. 6 Characteristics of cement-hosted saline fluid inclusions in sandstone reservoir at the bottom of Xu 4 Member

in Qiongxi-Baimamiao area, southwestern Sichuan Basin
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Fig. 8 Relationship between authigenic kaolinite content and ver-
tical distance from strong dissolution section at the bottom of Xu 4

Member in Qiongxi-Baimamiao area, southwestern Sichuan Basin
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Fig. 9 Relationship between authigenic kaolinite and dissolution of feldspar and rock fragments in sandstone reservoir

at the bottom of Xu 4 Member in Qiongxi-Baimamiao area, southwestern Sichuan Basin
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Fig. 10 Formation and preservation mechanisms of authigenic kaolinite in sandstone reservoir at the bottom of Xu 4 Member

in Qiongxi-Baimamiao area, southwestern Sichuan
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Fig. 11 Relationship between authigenic kaolinite and physical properties of sandstone reservoir at the bottom of Xu 4 Member

in Qiongxi-Baimamiao area, southwestern Sichuan Basin
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