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Abstract Karstified carbonate geothermal reservoirs, characterized by high porosity-permeability
and substantial development potential, represent a key target in deep geothermal exploration. The thick
and strongly karstified Middle—=Upper Cambrian carbonates of the Yuncheng Basin provide an ideal setting
for investigating the genesis of deep karst reservoirs; however, the controlling mechanisms of reservoir
development under multiphase tectonic-karst overprinting remain insufficiently constrained. In this study,
outcrop observations, seismic data, cores, wireline logs, and casting thin sections, integrated with
regional tectonic evolution and paleogeomorphic reconstruction, are used to systematically investigate
lithologic and reservoir characteristics, diagenetic processes, karst types, and karstification stages of the
Middle=Upper Cambrian carbonate succession. The results indicate that: (1) dominant lithologies include
oolitic limestone, bioclastic limestone, stromatolitic and argillaceous limestone, and micro-to fine-
crystalline dolostone, with reservoir space mainly comprising selective dissolution pores, bedding-parallel
dissolution belts, and structural fractures; (2) three genetic categories of karstification and five major
evolutionary stages are recognized, controlled by multiphase tectonic uplift, among which large exposure
surfaces formed during the Huaiyuan, Late Caledonian, and Yanshanian events served as key loci for
epigenetic karstification; (3) the karst reservoir initiated by synsedimentary to early diagenetic
dissolution, significantly enlarged through three phases of superimposed epigenetic karstification, and was
further modified by fracture-controlled burial dissolution, ultimately forming a composite system
characterized by high porosity and strong connectivity. These results clarify the formation mechanisms of the
Middle—Upper Cambrian karst geothermal reservoir in the Yuncheng Basin under multiphase karstification
and tectonic evolution, and provide a robust theoretical basis for the prediction and evaluation of carbonate
geothermal system. The findings also have important implications for geothermal exploration in North China
and in analogous fault-depression basins.

Key words karst geothermal reservoir, diagenesis, epigenetic dissolution, Middle—Upper
Cambrian, Yuncheng Basin
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Fig. 1 Structural unit division of the Yuncheng Basin and distribution of surroundings strata

IR A T R A 4R R TR A BRI
B2 JURL MR R ) 2 R M e 2y, L TR A i AR
32 DX IUVE AR AR R A% R Ak ST ST T S i 3 [
Gl
2.1.2 HEA

32 IR 73 1 e B A ) S DA €8 R 2 AR R i
BONE, JeORERRR S, REA WY A
. BEAKAR D ERE (B 2-d, 2-e, 2~
0) o ZAREARTIR TR 554 & Ml R8s .

A 407 K B 2 S TR ) 2 i
BEESALE 0.2~2.0mm, J&E KT E 0] ik

30 mm, FURIZEHIEHT, KBS, HELZH=
W SRR P el S 0K, SEUBE W) 2 D R T R A
Rtk E R T S AR R SR KA o A R R R
FHORH, AR Z B, AT oK R fE
F i A PR g o IS0 Bl R K 2 AR A B A
Pelcits , AR PR B s R 205 4

PR I LA = 3R R R B 28 JE S A Oy
B W MR A sE O R A, WA U R T R
(B 2-1), % WIE R A s AL R 45 . I 41 IR
FZ R AMMAERRZIE AT AR, B B R =
BOEA, P AT AL BE HOIR M I, S Mo SR AR



kM K

1176 + W ¥E 2 8K

2026 4 6 A

IIIIIIHI

wp

(%]
o)
=
=
3
I
o
o
2

1 mm

a— SR LL O K JRUE A J K QW A 20, MBI, IRELL; b—#R S OR B A 5 R s . RER ORI A B, 2,
R c— S OWTKSE, RAEEKME, Lhyilm, HEH; d—RBKE PPN, ERAEME, KEH; e—=B)Z 41 I ik K
A, ERARIm, KEA; AR KA, Bht, EmAAW, KEL; o RA S, WAEARL, BEMTE, =T 5
ek, B, MEMNTI, =074 iR A s, Bt BEM S, =T
B2 saik i B R G A s A 2
Fig. 2 Typical rock types of the Middle-Upper Cambrian in Yuncheng Basin
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Fig. 3 Reservoir space types of the Upper Cambrian carbonate system in Yuncheng Basin

BB R AR e U 2 R 55 A 1T B, B e B
) I L 3 3
3.1.2 REFABER

BT E ISR G R IR Eh A 4 1 2 A i
BT LR REE, BREBERER . 4 Zm
REAHKRR, RAEGHEBEMIER ., LIESZ
FE LT R MESR,  EEUT IR T A BB R TS Y
XA SR (Bl 4-c, 4o, 4-g),

TR R WP R ARG ML KT TSR
AEEMZE . WIS RBEREE (Bl 4-c, 4-d),
TR B 4 — M 0.5 ~2m, FR 4 A Ik UK
G, PN E UL I A RRHERR VA I RE I R N AL
WMy, FRY kb8 LR E AR AL (1L

fe1~5cem), L BLSLRYAY R IRAK AR MRS AE (& 4-
e)o KHUNJE b, ARG R, HT0
KT ZADBOREBRCA KR IE I o o S R, X
e R — B 2~ 4.3 m,

TEW I R — O R AN B WL, Bz Xk
FeJE KT 3 m, WIEJE S, Il IR
[ kAl (18] 41, 4-g) o AHEG I T BOKE H
W, WSS E RN SRR EESE, ERE
FRABLAG . BoaPiRESE AR ENE
s S LR 2% 2, fLIW B4R — M 0.5~3 cm,
JRr B AT G AL 10 em LA BRI REAREE AL, FLEERTIL
LERi U S i TR WA SR eey e R =



‘(1M K

B2 E H3H

P B E IR G T A R A Bk TR 1179

a— M E A o, WRMEFESHZ R, ST, ERANE; b—BROKE, WEEZ0ZHETREEEL, kE4H, £
A A c—BRA—RERAEAE (HEHWERTH RIS T RREGETAG; d—ABE W IE R KRR ERN, K
LSS A TRHERR; e— A B A TP RORIE AL, FLEER WIS (— R R —A R R REA R OB RRIMHERT) RILER T
FEAWFHR; ¢~ WW O AT h—Ir RSB TR AL, i aSE— e, =T H, A% E N ; i— iR
REEAL, A R R, R, BB, S
Bl 4 azdkahp bR RR £h A A T 1R AT

Fig. 4 Karst features of the Middle—Upper Cambrian carbonates in Yuncheng Basin
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Fig. 5 Spatial distribution of regional unconformity in the Middle—Upper Cambrian in Yuncheng Basin
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Fig. 6 Genetic model for development of the Middle—Upper Cambrian karst geothermal reservoirs in Yuncheng Basin
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