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Authigenic minerals and their control over micro-pore development for saline
lacustrine shales: A case study of the Shahejie Formation, Jiyang Depression,
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Abstract: This study focuses on the saline lacustrine shales of the Shahejie Formation in the Jiyang Depression, Bohai
Bay Basin. Using a range of techniques, including scanning electron microscopy (SEM), cathodoluminescence (CL) ,
and energy-dispersive spectroscopy (EDS), we systematically investigate the characteristics of authigenic minerals in
the shales and their influence on micro-pore evolution. The results indicate that coarse-grained calcites or calcites with

epitaxial overgrowth precipitated substantially in an alkaline diagenetic environment, leading to significantly reduced
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porosity. The diagenetic dolomites, in spite of low content and scattered distribution, also indirectly hindered pore
preservation due to the weakened reworking by acidic fluids during cementation in an alkaline environment. Ankerites
are mostly formed in a Fe*-rich acidic environment, frequently associated with illitization and albitization. Albites and
ankerites exhibit pronounced positive correlations with thin-section porosity, although they are not direct pore carriers
themselves. This relationship reflects the synergistic effects of acidic fluid-induced reworking and mineral
transformation. lllites act as important pore carriers, and their platy or fibrous aggregates facilitate the formation and
interconnectivity of intergranular pores, bedding-plane pores, and microfractures in an acidic environment. Authigenic
quartz, except for some tiny quartz grains that fill pores, can occur as distinctive vein-like aggregates that provide rigid
support for surrounding pore structures, thereby mitigating the damage to pores caused by subsequent compaction and
cementation. Overall, the pore evolution in the shales of the Shahejie Formation is dominated by alternating dissolution-
induced porosity enhancement in an acidic environment and cementation-induced porosity reduction in an alkaline
environment. Furthermore, various authigenic mineral assemblages and their spatial distributions can serve as important
indicators for assessing the potential for pore preservation in shale reservoirs.

Key words: pore evolution, alternating acidic and alkaline diagenesis, authigenic mineral, shale, saline lacustrine

basin, Shahejie Formation, Jiyang Depression, Bohai Bay Basin

SI AR A5 X R, BNE ST, 45 . U DU A AE 0 W RHIE S HEX T ROW AL B & B 45 A P —— LU v 2 b B BH 8 B U veT s 2 491 (.
A5 RARHUR L 2025,46(6) : 1980-1997. DOL: 10. 11743/0gg20250615.
LI Junliang, LIU Huimin, WEI Xiaoliang, et al. Authigenic minerals and their control over micro-pore development for saline lacustrine shales: A

case study of the Shahejie Formation, Jiyang Depression, Bohai Bay Basin[J]. Oil & Gas Geology, 2025, 46 (6) : 1980-1997. DOI: 10. 11743/

0gg20250615.

TETUA M BRI R AR IRA RS 5T, %241
B 5 A T AL AR A B RS il 249 i RO R RE T )
AR AR [ AR A O B AR R AR DT AR
Yy I A E R, RN A | s R A
AR S FLB Z B AR & O &, ELH R 1 DU - B
BRI A, IFX B B SOk SR MR RE S T~ b
B A RIS

T AR Y Rl aE o 3 AR AL R LB A
O S ATURE B FEUR A FL Bl 5% , 3 B AL B ]
B BV s QA5 H SR VR IR IR 52 B BT ML &
S R EVBRALAEIN s O iU SR R ™
Z 5 ANUTEAL FRIETR A A S TS AR A, Rl
PESC ] FLBR AL TR — SRR A R T i
Al AAEASE RO SIS A AT Y, R
B OULES #4 LA K 23 18] 58 SR R T LB 1S
RAFRIZ P I R

UTAFR , JUAL 0 L D R RV, 5
K T B IROR DU R SUE G AL & A A7)
YRR 2 R0 . S AR SUE AT L, REAH I 2 008Dt
FRIRIG B Sy 2o A8 R o 5 5 e A e sl AT el
EREREY/E I SN oL - E T =2 o
Mo DB B VT 2 = B R B (Es™) 5V 4
PO B b B (Es™) DU 2 v [t AR 0 A 5 -5 5 2

RANEFHERZ —, EHBRE LR R 56
YL o 2 BT S R . YOI 2 32 2R BRI AL
AL b AL A T AL A LR AT SR AL L )= P
O ) 4% 25 Z2 A Mg A 25 (] o s Horp BRI £ A
KA AL A E J= BOE Bt - R AL BAT B 1 L
W S S P TIT A K R )/ A L ROGS $ e TETFL Y
TTRRAT R , {EL B A 0 35 1 LT LG 3% 1 AR W R BE )
APE IS s ZBEOUA TR A A ) A AL 6 K i
BOR RN 5 A B TE AR, 7 i bRz K
FRPAA A% BRKA a0 EgEA s A,
X BE4 ) ) FE AN B A i A A LB A A | TR — Tl
PRI A2 L RS TR AR B DA G - DR ) (4
PR IZ PR A7 )38 H £ AOKRPAL B A fLE
FER AL AR THLBE LR RS fLBR A A0 (L 5 5 [k
FLIGE A0 A6 5 10 At e A s @B R R 1) (A 7 Mt £
FHE A7) — 77 1 LA I 45 - 45 A 07 SR IR AL B
JE2 5 — 7 T T R M i AR B A8 K — A PR T 1Y ik
VRV Il T B - AL R TR S, 3w L B 1
5L, T AR L -8 AL N B T BT TR
A BT O A A - KA TR R B
RPN MR AL 5 FEBCALBR ™ A B AR T, LR A
RARRAE IR 75 W5 S A US4 BE A AL By
B LA R BUZ BRI G R R



1982 £S5 KRR R

546 5

REEATIEHT T A LT P98 5 Rl A B
il A5 H AT — 2L B AN R, A A R A 8
oA AR ST T AT IR A FL U B B R R
Ve B2 MK R ER BUZ S8 K W U TR E R AN
FARD W) Z [l 38 A 5 28 2 8] 25 4 5 AL T e i o
HESL A R G, X FLBR AR S8 A 8 47 B A A7 AR A
R

AWFFE AT B3 B Es™—Es™ 1 s Ak 180 725 00 S F
FERF R A" 22 ROBE 3143+ o) AL I 7 A + B 70~ 254 —
FLBURE " BRI R G — 2K o A%
FLERAEF (H B AT SR A 42 FL 300 ™ Y TR AL A A6
Yy, JE T AR SCA R (R Bk )~ B A8 Priiie
AL Bt A RS AL A SE &R o AL b4 7s 1 ot
AL PR AL R S AT A R D U R
TS

1 MR 5

U BH ) B 157 T v [ 2 0 v T 2 2 b S L 2 v [
A S LR F DR I RO 22—, R X i A I
SOERTF A X8l 23 B ST AR ZY 26 500 km?, 53K
Al R RVRRE 4 MRS AibiEil K
DT 24 EZ B Ol i 20 7 i —rhopr R A
W B (Hb B4R 24 65. 0 ~ 24. 6 Ma) ; @it A LA Sk
BB S DR B, HUTRUZ RS A & 528, Al
R0 R I R EE, D R AL &R0 R K
THMNEEENRRE SHEREZ R

V0] 7 4 2 B PH 3 B fe EE RIS R 2
—, @t ittt b R AUTRUZE R S v
H—B (Es')—UD 741 U B (Es) 4 M BE . Hidr  Es®
MEs" RIS ER KGR, ZKE &\ AR
U, B R AP TUA RIS T . B ST 443k
o R 3B (ESY, B, Es) LEs N LR 2
A (Es*, Es™) o ASBFSE T 1Y Es™-Es" A HL
FEEJZHE B HA UK DU EREE 1 B %) B3 51
2 BB T BRI I DU iR T & ) R B

2 Rt B B BH S B P TR I
TR FAL = AL AR R K ER B KRR E
PRI H 28 & A 3, A R T U0 i P 3 5
MUR I & R AT Mg o4k £,
YA A HE BHA A A A 55, A 8020k
5k, FERCA T R ORFEEE S SR E R 22K
R A, HOS AL 5 RRAE 5 20 A RS X FLBR
gk 2 AR

2 FEEORIES

2.1 #HEmFKiR

N2 B 7R 5 BRI B U B 4 s T A AR Y
RIS LSS LI AR S AL, ASBIE ST LABE
PHISIBE Es™—Es* 50U M BFTE B AR , B dh 1 A T B8 B
AR E MR B TR AR RERIR R 4 S
(P 1), et e B R DU IR S TR 2 2 i

2.2 HERERSH

K A 5 P T B, 25 A TR — s T
W) oA U R AN S FLBRES A RHE , SEI 2 S50
FE AT 5 ORI

FIH & S S (FE-SEM) , 454 Altlas 2257
AHF] — AL EF T 89 i 7 (SE) V75 #UH L - (BSE)
L g (EDS) B4, 52 B2 43 51 AL B 18 51 %) 1
(Kl 2) . M B &6 (CL) 3 1 #5 s - fir 5
(EBSD) LA K X JFER T I61E (XRF) H9 4, i — 251 51
ATPRR F R ER I R R /IN K IC R S R RHIE

FER— T JEEURAL R 09 & 2 AT Y IE
WS Hop LRSI LBR A R A L L, T
ErE AL TREIE UM 20 Y 5 dE . AARIEIE
A3 F A W A A % A% (ED) STE SR F (M) R R
Z| 5 ) A S8, o ED 238 0 G2 ) ok
TSR YRR E AR E RO TR B AR TS, MF
S T R A S Y OB R B ST

3 U MR AR

P BEOR R, s —Es™ TUA 54 0T 43 Sk Bl VR 2 S8 L
FURN 75 9 A= ) — Ak 2 ORI 26 o b Bl VAR )8 LA 26
YRGB KA AR A 5 1 2 P Ak 2E DT
By E, & oEH oA ERT MG
B Mk BRI Es B TS DL E IR R R 5 )
J L Es I RIS R B T RS B
IR PR R 5 (US)IRIZT Y,
T IS AR A . ESZBARE Y E e
SEAE 4> 5K 74%, 22% , 2% Fl 1%, Hrh /52 1R 2
R A A2 A B TR 2 HE A 18%. Es™ 2 B 4 FP % £
)2 0 HE 3 5N 85%, 13%), 1% Al 1%, 17t/52
T2 PR RS2 A A 1B) 2 H A 12%

FIRERER T4 B -0 Y AR D8 ) 3 4o



ol

PRAESE AR AR IUA A AR P RIE BCH RO L B A A R B A 1983

PR
L I Y N T

AREME Art

AL R

~

FosilbuR e, (ke

eIy !
....... / Vi
------- 4
WEFEIX T RS W)= iz

Pl AR T 2 D P B R S b2 o0 A1
Fig. 1  Structure and stratigraphic distribution in the Jiyang Depression, Bohai Bay Basin
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Fig. 3 Ternary diagram showing the mineral composition of the Paleogene shales in the Jiyang Depression
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Fig. 4 Optical micrographs and SEM images of representative authigenic minerals in shales of the Shahejie Formation, Jiyang Depression
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Fig. 5 Optical micrographs of typical authigenic calcites in shales of the Shahejie Formation, Jiyang Depression (thin sections)
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Fig. 6 Microscopic characteristics of dolomites (a,b) and ankerites (c,d) in shales of the Shahejie Formation, Jiyang Depression
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Fig. 11 Correlations between various mineral contents and thin-section porosity for shales of the Shahejie Formation, Jiyang Depression
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