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Abstract Characterizing Lower Paleozoic carbonate thermal reservoirs is essential for evaluating the
geothermal resource potential of the eastern margin of the South North China Basin. Integrating findings
from prior studies with newly acquired drilling, core, outcrop, and geochemical analytical data, this

study systematically characterizes Cambrian and Ordovician thermal reservoirs, delineates their spatial
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distribution patterns and associated geothermal field attributes, and identifies prospective exploration
targets. Key findings are as follows: (1) Lower Paleozoic carbonate thermal reservoirs in the study area
are predominantly hosted in the Zhangxia Formation and overlying strata. Reservoir types include oolitic
shoal, dolomitic, and karst reservoirs. Late-stage tectonic activity has significantly influenced the oolitic
shoal and dolomitic reservoirs, promoting secondary karstification; consequently, well-developed karst
reservoirs—predominantly Class IT and III fractured systems—are widespread across the region. (2) Karst
reservoir distribution exhibits clear structural control, with dominant NW-and NE-trending orientations. In
shallow-buried settings, the top of the Cambrian reservoir ranges from 500 to 2500 m depth, whereas the
Ordovician reservoir top lies between 100 and 2000 m. Corresponding top-reservoir temperatures range from
30 to 90 C. (3) A quantitative evaluation framework for karst reservoir favorability was established,
incorporating three key parameters: burial depth, caprock geothermal gradient, and degree of karst deve-
lopment. Application of this framework identifies the western Shangqiu area of the Taikang Uplift as the

most prospective zone for karst-hosted geothermal resources—providing a robust scientific basis for

prioritizing future geothermal exploration and development efforts in the basin.

Key words Southern North China Basin, Cambrian, Ordovician, geothermal reservoir of carbonate

rocks, favorable zone prediction

About the first author ZHANG Hui, born in 1987, Master, a senior engineer, is engaged in

non-seismic geophysical exploration and geothermal geology-related work. E-mail; zhanghui714@126.com.

0 m

AL A R O AR A A 9 R TR &R,
oA FeE B AR PR B Ll . HAT, 2R R
e [ i i T 2 R T M AR b AR AR T Y K
Y. i, fEANEEERR (K 1-a), 2AIL
AR B I A B R AR ALY, BRI HOK R
120m*/h (348, 2020; # 0 45, 2021; = H
&, 2024 )5 AfE K R 4L MUY R BE R M S W
(F 1-a), BFHR—FER R A R I KRS
#iik 60 C LA E (FEHHSE, 2019, 2022; # W] H
&, 20205 EfgRAE, 2020), Won K&K, K
WS AT R AR, BRI T AR IR AR S R
R TE R HT 5. SRT, REARAL 20T ol A B ) IR
FRREANEAR, R K E UL ok iR &k & A0k o Fr itf —
LR -

FIT DA L PR B % A 8 o) i A b 2t o A Sl
o BT SEA T R AR, LS R R R R S R
AR 43 1 T A2 b 2 b, R R R B AS ] YR A 325 BT
Rl A P I I A AL R E KA 2 SR RRAE B
PR MRV ) (R0« AE, 20195 45 B SC 5,
2019; X Je 55, 20205 F O Jg 4, 2020; AT #
G, 20235 ARENAAGE, 2023), AR SR BTk &
B AL 7 b R B R S KR A T A DR A AE

[

(JARi%E, 2023), S5a XM E, RrE D
7 R TR LB A ] S i Py B B DR R X
(BOL A%, 20205 5F £ M5, 20205 M) @4,
2023) , A LI I B 23 Br L B AR T i
db . TR M X B4 IR 5 AR M IR R AR (kS
4, 2007; TRIMESF, 20145 529 4F, 2018), 3R
TR A A i i R A 3 AT LA B 1) b B BT U
FEAcE o SR, A ACOMA I B 4% A 5 %) g AR b
o o A S R R e MR SR R 3 e R R A
J2 0 B B 2y e T AR A O T AT o A (I
20105 WA, 2017; fE £ 2, 2021; AT
A, 2022) R E XA R AR SEAT B ST, JCH R
Xt i e 7 M A T O AR R B AR AR R Y L
A LR A I A R AR S B = RGEMWT ST, — &R
SR T 02 DXt AR BT A g A0 RO A R AR A )
Mo
ARWFFEAERT AR S Al b, AR R AR At
PATE 22 4R D R A R B R AL L st o A 4R 5T
B MR SO R R L A0 ER Sk L il SE
GEORE, AT X T B AR R B A BB AR AT AR 4
WEFE, o0 B il e A LA SO G R A, R4S &
AR GERUR N 2R, BT oy A SRR R AR e IR AT
A, DU e AR L 2t st B3 R — 25 O &



kM K

F28E H4l T, MM REI T AR A P R AL B A A X T 1605

PR A KR A9 5

1 XigRE=

1.1 FERMAERFESEN

F AL AR TR AU AR F &, AR LARD )
HNHREG TR, A0 LAEAE—R R 5
LIS A AR e, P AR — [ i — A P I
F5 ZE W — R H 1l B AR, P SRR T B R A 4B
(P 1) o AFFE X UL 2R 1) 22 J00 Uy 3¢ g SiE O 74 s
MLFREIL AR, 20 =W =" M
W Jry, LR RO TR BB . ORBERE RS . A
WikE . KlpER . RE—EEREE MGG, X
AL A B PG PG 1 WO T, A H IRPAE AR R
h{’ﬁ»ﬁd

FORAEACLIR, BF5EIX &P 1 i R a8 BRI
G Rt A AT A A AR A A U i
I = KB BLo il AR R 20— SR 4 R R
HhoE T B, b T R R A R 2 T R
Yy SRl 5 SR B — b B i e A 0 AR aE i g,
R TR AR X AR AL, BT RE T
o AN N G 5 [ < S B N S TR R G [ DTS

Ao AR 2 A AR PR, e AN AR
g, BAEILH X AR T N R, % TR K 150 Ma
DURRIEI T, i R R IR R A i R 2 A I E TR &
i 2 Bt AR AR DR & D i B S — el — &
2 Rk e i 2y, X AR 4 = 0 22 S A A g
i A S PR (IR DUARSE, 20035 RATH,
2005)

1.2 mELEM THERERR—

MARREN

MR R T AR R R AR — R R i s
SN T TR, BB AT G ISR, JF
WG WMBRE A, RMAFAELGR. Gitbl
SRR R AR (18] 2) o 8L R A0 s L
AR, MK RARESUREIRBE, AKIREE, URBR
BHTIBN E, MRAE S, mmEh e kK A
SEARSESY s S RGBT, KRG =
W) 2 VR am sh R THI S, T B A A R, T
KEARILEPTRHEA, KRKETEHAZR . &
Hoih G RERIT A 5 HuAH . BB R kR T IERZE R
Wiw e AR S R, K A E R R, fE
W T R THRE, R T RR G H—ITRE B Y

CRGER

@ 0 80 160km
P o
®Vg it
& 0

P
G

F 1% )7 ;54
F2-fEAE—T e
F3-Z8 1| — [ b —NE o P 5
F4- >~k ¢

F'5— X {2 — % PH— R D ¢

(b)

Zhoul6 it

® o [rr [N win [ |

T

N

g

s | |wee

L ARl f i il 3

Fig. 1 Structural location map of the Southern North China Basin
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Fig.2 Comprehensive stratigraphic column of the Cambrian—Ordovician in Southern China North Basin
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Fig. 4 Cambrian—Ordovician lithologic characteristics in Southern North China Basin
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Table 1 Reservoir type and stratigraphy of the Cambrian—Ordovician carbonate rocks in eastern Southern North China Basin
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Fig. 5 Cambrian—Ordovician reservoir types in Southern North China Basin



kM K

1610 + W E

F & 2026 £ 8

FEZREELKX, W5EE. AREWSFN LS
WIE M E &R s | (FREE MR, 1994; &
BEAE, 2015), FEE M TIEAR RS LA KL
EH)Z R AT S04, LSRN, R
PR )G % Z Mz s m, OF58 KamR #ha H
FERT, BRL T —RZEGEAEE, AR T A
=AER, B b s duimE ST, Haxw
AR HTZ AL 2 B i pg AL B A TR L, R AR
WA nmERNET, MOYEELUIE A ER
WRKE A, MBI R FRERER X A s %
KA T I K BB ORE A =l A e Bell &
WM R EEZH . B O SRR Sk 1 BOR
ANERRH = AGEZILBE R 0.91%~9.32%,
BBERN (0.03~2.42) x107 um’; BEHAEA S
EAREEALBE R 1.3%~4.4%, B#ERR (0.04
~5) X107 pm®, LB EE A5 0B R AR B R %
R, BIRBEEBAL, DA SRIEHBEE,
W GORL IR R it 4R 23 [ 28 AL Ny &t 1] FL R0 5 Vs 4%
AT s it 4R )2 W AE M I iz ) Fiin B 7R i
HHRTET, Se T B e R R R R 2 KAL)
AN R AROK R UE G, T M R 0E U AR -
AL B = . KA DL R R BT R A G )2,
J& T Eh 5% AN Tl AL A R 1 R A TR i A 2 R ([
S—e, 5-), WAEMERR T Z BN TOBRA N S A
KA, dZmEiEd, WEESFERREZm, I
H5 WA 2B A (€ w55, 1997), ik
RV R ORI e M AR e R R A R X

B WERPARIH CECEAN IR MR, R AR R
253 AR BT R 2 2 A HLZR G2 3 B 1 oy 5
FRAE (1B 6) o PRIz sl it ], BB iyt 34 5
B AR R A, P B R T — KB — N A v e
RABR N — R JH 2 Ry AV R, Al B PR X
Sy (B 6-a); b ZRis sh ALk R T
wAE R, HA TR ERAER S, KRR L
L X35 R A v, B L — i b X R R
HEAL N EEE (B 6-b), BFsREMH, FER
20 B B 20 AL 7 5 T A 4 2 R A2 4R A
1 AR K IR UE SV AR AT, R N AR IS Bl i
W, DOBUE T AL, BB AR TR A XA AT i 4 )
XS ERRE , )z TR HE—E 10 DL f e
— RN X
SEETMHFRHE N, b, WAL TE A iE S
JZEE TR R D LI RTE, Di2daE
RUESER &, HERIEE N 15.8~216.4m, F
BALBR B Ry 3.82% ~ 11.39%, VB iE XN
(0.006~34.52) x107" wm?, AHRLHE M H: dh £k b B R
Ny | 7R 22 LR MR, K BT AR AR
26, MMM, Hb T 2K648)2 AR M KT
40 API, 75 B 22 K T 250 ps/m, fLPEEE KT
10% , J& Ttz F2ME 78R, 13
Ui TRER R B R L3, Z )5 WA T3
PhEZIR, 7E 5 3T 0 A 1L AR R R R T A
X, b)) Pl B K, JER R AR R rh LAk A
JEEEAN, AR E)ZAL 0.9~6. 2 m, FLEREE T3

annn ‘W@@ﬁ]ﬂﬁgﬁﬁiﬂ%ﬁ L:(N i - 3560000
Bl 6wt AR SR M I 32 Sl A AR 52 Sl I o A

Fig. 6 Palaeogeomorphologic map of eastern Southern North China Basin during the Huaiyuan and Caledonian movements
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Table 2 Statistics of logging interpretation results for geothermal wells in eastern Southern North China Basin
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Fig. 7 Well logging interpretation profile of the Cambrian-Ordovician in eastern Southern North China Basin
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Fig. 8 Burial depth map of top surface of the Lower Paleozoic Cambrian and Ordovician in eastern Southern North China Basin
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Fig. 9 Average geothermal gradient map of eastern Southern North China Basin
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Fig. 10 Comprehensive evaluation map of the Cambrian and Ordovician geothermal reservoirs in eastern South North China Basin
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