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Abstract: Tuff-rich mixed shales, representing an important class of unconventional hydrocarbon resources, exhibit
diverse components, rapid lithofacies variations, complex diagenetic evolution, and strong heterogeneity. For these
shales, there remains a lack of a systematic understanding of the diagenetic evolutionary processes and reservoir formation
mechanisms of different lithofacies, restricting target area selection and evaluation for shale oil exploration. In this study,
we investigate the diagenesis, reservoir formation, and favorable exploration targets of mixed shales with unique
components in the 2nd Member of the Lucaogou Formation (also referred to as the Lu 2 Member) in the Santanghu Basin.

To this end, a range of test methods are employed, including core characterization, thin section observation, scanning
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electron microscopy (SEM) , whole-rock X-ray diffraction (XRD) analysis, electron probe microanalysis, high-pressure
mercury injection (HPMI) , and nuclear magnetic resonance (NMR) , along with measurements of porosity, permeability,
and oil saturation. The results indicate that the mixed shales of the Lu 2 Member are composed primarily of tuffaceous
materials, carbonates, and organic matter and can be classified into 10 lithofacies, which are frequently interbedded. The
mixed shales mainly contain nano- to micro-scale intercrystalline pores in dolomites, devitrification-induced pores in
volcanic ash, and dissolution pores, suggesting complex pore structures. Distinct lithofacies exhibit significant differences
in physical and oil-bearing properties. Among these, massive lithofacies featuring low organic matter abundance and
composed primarily of a single component display the most favorable properties, followed by lamellar transitional lithofacies
dominated by dolomites, while lamellar transitional lithofacies composed primarily of tuffaceous materials show the poorest
physical and oil-bearing properties. The shale component types and their differential diagenetic evolution govern reservoir
quality. Rapid deep burial and compaction in the early stage represent primary factors responsible for the deterioration of
reservoir physical properties. However, they occurred earlier than other diagenetic processes. Furthermore,
dolomitization and devitrification occurred before organic acid-induced dissolution. This diagenetic evolutionary
sequence provides effective spaces for organic acid migration while also offering a material basis for dissolution, serving
as the key mechanism behind the formation of high-quality reservoirs. A comprehensive analysis reveals that favorable
exploration targets in the Lu 2 Member include the basin margin zone and the slope zone near the basin margin.

Key words: tuffaceous material, reservoir formation mechanism, diagenetic process, mixed shale, Lucaogou

Formation, Santanghu Basin
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Fig. 1 Map showing the regional structural unit division (a) and composite stratigraphic column of the Permian strata (b) of the Santanghu

Basin (after reference [16])
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Fig. 2 Mineral composition and organic matter abundance of mixed shales in the Lu 2 Member, Santanghu Basin
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Fig. 3 Images showing component types and their microscopic characteristics of the mixed shales of the Lu 2 Member, Santanghu Basin
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Fig. 4 Criteria for lithofacies classification of mixed shales in the Lu 2 Member, Santanghu Basin (modified after reference [19])

104 0. 1%, EXHELI R 5. 0%; 1535 % 5 i 7T 35 3 000 x
107 wm?, 5 IKA 4 0. 005 x 107 wm?, H AR 4E /N
T0. 050 x 107 pm’; 73 YHARLFN BE S5 5 1T 36 98% , FeAIRAY
H 3%, EEMELI N 30%, AR A UIRUS 802 F
H Bk B E LR R IR AR AL o Ak, AL
RN AR IS AL | A b LA Lok 3
(i HE 80% LU 1), /b i i as A HLTFL(E6)

AR AT AR A 4 23 1) B i P O Tf 22
SRE, U —d0 0 AP FEERKAIURE
FHEA SR RSt B AR A LR A =
A A VLB HCR F 2 AR R A LB HOREE A
HH o BUPFP A A LA 2 A S LV L RN i 24 4
FEAHAEZS (8], I 2 W DU B AL AL RN Lo 32 X
3 AR LR E Z 9345 T 5% ~ 12%, 5 3k {7 T 8%;
BB T 0. 100 x 107 wm?; 2 T R E 33 4
L EEZ R 60% (K 1) Hh A a A A&
BANHLIN GRS | FLIR R A0 R 25 o B I o T 8
0, e WL TR R (81 7).

1 A HILJBE 3 B R B BE A AR RN IR A i 802
AREEIK T = A AR B T SR R Sl vk, AT
FH UGB AL FLAAE LA | S5 3 VA = A S L
PhAL A A o, E R AL . A AR AL
B EZAN T 4% ~ 8%, A 21 0 6%; 15 5% A A
ARORAEBRE RS TH o A1 A, FEN T
(0.050~0.100) x 107 wm?; 7 ¥ 1 FEE A F 5% ~
95%, K73 /NTF 50%, F-II{EH L 7 38% (£ 1; K 7).
T3 1o FE TR AR M SR 2 o I e A

St 22 , DA/ i gl A AL R pd Lo 3 FLBR
KIRAT/INT 4%, B iE R L /N T 0.050 x 107 pm?, 5 i
TR0 N S 35 (E 2400 20% , L 25 A 25 s AFDGH 358 v 1R
AEATS ELAT AR U i PR RN Bt (3R 15 7).

4.2 U FLRREHI4FE

PR A T B AL DU B FLBR 25 4 2 I H i
AR Bt AR A A AEFL IR 2 B)  FLAR o Al R AL
I T, (St T4 T 1) ) 1% B2 B 478 He ) i R 8 28 46 O T AEAE
WEER . THEYURPCIRE K 5 A0S & A VLT HeREE
A AL BR S5 AR A AL, R i FL AR 55 A %) 3% AL L AN
T FL Ao A A AL R T, 3% 32 06 B 8 A O ( R 05 5
LR I 80% ) HLith BR s ] 48K (10 ~ 100 ms) , BN He
J1M V-2 HHEIK 18R /N T 5. 0 MPa, P 3{EZ K
2.7 MPa( & 8a,—a,,b,—b,) . {HATH FLER A2 E K
(0.040 0 ~ 0. 250 0 wm) AXBEIAR 7,185 F 0 AR |
HEDK 3 BEAIG A T gl B v (A2 30% /LA
AAE) (Kl 8a,—a,) 5 Ja # FLAR A XS /N (0. 025 0 ~
0. 160 0 pm) , FL.H FREZRIGAA T TOCF-HIE
28 9%, B AR S HR (R, XEL R 0. 56% | (A58 1%
BRI T (A A4 T Sl B SR R I (T 8b,—b,) .

A ML EEARRTAR A HOR 1 = A4 5 LR ek
EE IR A AR FLBREE AR L, A 19 11 = A ] LR ol
FLAE A3 R W T, 3% 0l A (F2 0 (55 5
80%) H. it ¥ i ] 5 K (10 ~ 100 ms) B4 R il £k
2% HHER R 18I CBEIR/NTF 5. 0 MPa, “FE{HZ) Ky
2.5 MPa) BUHRAE (I 8¢,—c,, d,—d,) o N = 1 & &



958 £S5 KRR R

HZA.+ Ahm -

TO0C = 6.3%

B Ez A

A

TAREE S

IS =0 Fa b e 2 — B IR AU BT 25 AH S R ORI B R (Ed v )
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Table 1 Reservoir characteristics of different lithofacies in the mixed shales of the Lu 2 Member, Santanghu Basin

e ARER | BER0° o) | T A MILAER A2
AR A AL A AL
QEEZiﬁzzzm > > 0-100 0 L AL 4
AT HUTIRE IR 2 BB A AL A AL

ARSI R 2 2

— 4 ~8 0. 050 ~ 0. 100 38

ARSI R 2 2 AL L B R AL

AR R R 11 25

SATHUTRECRAR 2 T

AEIRSURIRA SR | <4 <0.050 2 BB AL AL i AL RS

SATHUTBCRR 2 T I

AV AIRSUZIR A =g AN LR SE—2508/N(0. 002 5 ~ 0. 063 0 pum ) , FL B 3% 38 14
LA F AR T A (1~ 10 ms) B & T AW 522 (B 8h,—h,,i,—i,) o ZIEA A BB AR R A B0
(10~ 100 ms) , PUE 2 (B P IXANBH B HEOK IR JIERTR ikl shien 2. B aIURgUZ2 A =
B (AT 10,0~ 15.0 MPa, FX(EHZ N 12.0 MPa) . JR5E K A A A0 FL IR 25 4 fie 22, W% g 300k T, 3% LA 22 1



960 A H R KR 4T %
25 100
a b A o
201 > o 80 EA o
A
. - s o o
S LA ) L o
f: 15 E( 60 A A o o
:Z( e O
& @ = o o
=10} ° =40 20 & o 8
AN pp & & 0 oo S <o
A A o) &8 A - U o S
& o : o ° > o e
31 aln) L%@J@D o ooo 20r - ===
O O 8dg (=] e 5 o | F%D
0 g = =
0 0 oo G 0 L ° LS
0 20 40 60 80 100 0 20 40 60 80 100
KI5 5% KI5 /%
O EANTHLREER A o Er A WUR IR B A O ANURSUZIR A = R A OF A HURSUZR 1 2 TR AH
A NURBUZIR 2 B IRA AR AGHENRIUR A=A THEVRHR A =4 O B A MWRLUZIREEIK R 255 A1

EAANURBUZIREECR 244

K7

PR HURBUZREES I 1 25 A

WM R 2 T BRI U AN RIS RS AR B S i A R

Fig. 7 Scatter diagrams showing the porosity and oil saturation of different lithofacies in the mixed shales of the Lu 2 Member, Santanghu Basin
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Fig. 8 Curves showing the pore structure and fluid mobility characteristics of different lithofacies in the mixed shales of the Lu 2 Member,
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Fig. 10 Diagenetic evolutionary stages and sequence of mixed shales in the Lu 2 Member, Santanghu Basin
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Fig. 13 Scatter diagrams showing the impact of dissolution on reservoir physical properties of mixed shales in the Lu 2 Member,
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