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Table 2 Statistics of physical properties of strata in the study area
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Fig.1 Main structural distribution on the top surface of the pre Mesozoic in Xiong'an New Area(revised by reference[ 13])
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Fig.5 Overlapping map of faults and gravity normalized standard deviation in the study area

4.3 B EZEXRLEARGEETTERESHFE

1 TR X AR Ry A B 5 )2, PRI AR S
H A H AR 2 S ooty S B R 55k 1L 4l o2
H il £ 87 X & R G 32 1 207

FIFH T EGFL TR, 256 3 A% 40 f i FiL BH %
S, ASSCHEWRT 226 T 05T X ] B R 55 k1
HTA E A, W 6 i, B F, DAVE 253000
A, UL F, Fg it or ok 3 Ak 4k, Hoh 2
F, F, 2 [a] T 5 i # iR b v ma I, Y5 29 1000 ~
1 800 m, b AT A 2 bk & i, — 4 F B-B’
1) 125~129 M, o) — A T 113~ 126 5 5k
5 W72 B F, 22 B T0 A 1 MR L R R I, Y 2
1 400~2 600 m, FP A B A 1 AFEALS AT Al-

A1 ZRBL 140~ 153 5 i I Ry Jmy 0 U8 — 9 1M1 4 5
JZ Fo LLVE 005 T 3R PE IR AR TR, YE T 20 1000 ~
1700 m,7E Fs Fg ZIEEHAH 1 A 1E &S, 6T
A1-A1'HY 122~ 127 S-S 40,

FRIR YR BAEWHZE F, ~F, 208, MR —% Y
IR W , 25 11 2H T00 S T HE R DU R AR v, T 5 v
RICHEZ) 1 400~2 400 m, K —i NNE [i] (44 1
RS54 B-B'Z8 141~ 145 2 5 A1-A1'ZE 110
~112 545,

AR R IX B EWNZ F, ~F, Z [, FEE I
THIF 15 B A& NNE [1], 55 2 1L 41 o0 53 1 30 2R AL i e
W, VE ) 600~ 1 400 m, 381K % B g JL B AL i
AL, T A2-A2" 2R Y 146 ~ 172 5 145 B-B’



- 1406 - Y/

5 & #® 418

160 | 2 [ B 14
Aralzh g [\E iR
[0 JiE8R [ 2 JHHAL

2600

2100

6 FERRTHLATFEME

Fig. 6 Structural of top boundary of Wumishan Formation of Jixian System

MY 178 ~190 5 gi kb, BifL D2 457 T A 1 343
IR 600 m; W)= F, AR 85 B (M1 DXty 30 2
JRIEERE R ARAE 7R 55 i LU A THUAL I

g5 b, BRI B 2R 55 A 1 21 o0 5 T 4 R
24 600~2 600 m , 4~ B e X T A MR AR v
4.4 FMHbHERX

M2 X @ T IR R i R R G, AR G E G

HpiLERX

2 w2 AR A R PRI U B AR PR SR A R
F AR GE S X B 5 DX S 5 A | T A 3 1 43
e AR T ITSEIX = AR (151 7) , B e T
AT DX P U Jr ML J2= 2 7 1 O 5 () g 285 5 i A
WFFERCR , AR i3 )2 36 J= AR T T 73
Hrssii 1 IS XA A X

HpCERX

7 MRXZ=4iRER
Fig.7 3D geological model of the study area

E LA R S b 7R A T 38 DK b e
PRI GEORMAEE 1 MEL BT B« — 0" AR PR A
TR PETEZR B A B M R R A 40T 30% , T
8 PR M 2 A P A o L T IR 24 70% 5 [R] s A
Oy A B AR A T R0 7 S ot R T A7 A R AR, DAIX
SR 2R TR, R PR R A T AR
R BEAR TR AN A R TOURS (] 7) |, W R R £ A fik
IKIZBEAT I T A = 5 BRI R UUBUMB)Z
e R RAE)R

12 38 18 2 5 1 K IR J2 a0, Pk
PEIE Wi R AT IR B B ATl A . M2
DN B4 A T AR AL T 22 25 I 2RSSR AL (] 6) L i
L6y S i AT A IE A AR RS L AR R o A AR
F(F,) AT 28 SEdr e 5 57 L 11T B P44 1 0
] S — AR AP K 22 K I Bl ik Y e A R

IEWE TR RN T RE T TIRRER I, ] BESE
DR 5 LT R R R TS 5 A
SR B R LR 2 BRI A U R
AR (F, ) BERBFEE XA S 2, 2 5K
P RWARW R (F,) AL F AN R AR M, E m ik
NNE [n], #1722 30 Sk B0 (g B X OE W 24 A9 KR A
WA T AR R L Z M EE IR
FWARW R R F T K288 iy, UiEe
TR A S AR R S UK B B

5 3K 1L A B2 S R8T X T & A A 3
TIENL, WAL B IR R UG, 2L A e 5T
DX A BR800 R B R Rl M A S K A
o KA EITT =, HiE R a2 A 5 T8
BRERNAARSEZ L, FERINAMZHREE R
JER, TRIRZ 0 A 1E 700~2 400 m, 1 T2 05 KW HY



6

T IE BT ;L2 DX IR B 55 2 L A FAV T2 I f R R T 5

- 1407 -

WRIEVER , A S AL E B R, R Be B
I A 2 O T IR RS SR 40~ 90 °C |, by 26 FAGT i
H70~106. 5 mW/m?, Ay S X ] vk UL
FBEHR K, AE 1 900~2 300 m, MR H /0 1 7E 48. 9
~66.6 mW/m?, R It A T8 21 A [ A B il 191 B X
AR B LI T R DX, U I e X LA R A )
b BT A5 1F T 5 A SR A HL R K

H R P25 AT 0 2R B B R B R L
AR A b AR S, A B R DX 55 K 1L 2 T B I
VR AN S X JE B A A AR, HAR AR B
(FOMER FAATIR B2 B4 ) T GRFR A 1) Y5
A PRIEAR SO Ry A B B e DR S 1) A
FIDK Rl RS F, T R,

30 e X ST b A I 2 P L L 6 249 R B e I
GFR IX I BRI BORRIE T T 2R A M BT AR R 1R
FILLTF 4518 .

D) AFFEIX e A5 ok 4l T4 AR A
Hiu 25 SR Ay v L BEL R b2 2 (AT 2 AN 2
BRI R RS A BE T B 3 T A 22 A5 E
LB OR X HZ R TR, AR T
fif R R AT S

)G EH IR, AR RE T 8 SRR ITZ,
FARH NNE & [0 A IEWT)Z 56 1053 X R M%)
FHZ A, VS I AR R B T A0 | AR e
PR AR MR 3 A R E T, AR 5 4
SRR 2 (] A ] R M 5 A B R R A T )
PLNNE [0 3, 43 AR A6 AL 1 1 0 5 25k ke
I3R 3 AHE ST R PHEP R R, i X
[EJRRASE /N | SRR — 2 i) SRl M1

3) IR T X 20, 550U &R
FUHr R R )R 2 O E SRR RRE s i R b2
F B3 T TR TR B U1 N 5 i) B 28 b 2 7
WAL PR M AR B R AR XA A A, TR
TS FE1 29 600 ~2 600 m,

4) RIS DX = G A A ) UL S B T B 5E
DX PN B IR Jmy FIIRT 2 & B IR O s IR 8 )2
)2 RS T A3 AT N R AR BE R AR X R SR LY
HPA R X R R SER F, SRR,

2 % 3Lk ( References) :
(1] Hfe, WomAE X0 IE A5, d i v 2 b 8 rh 340 5 3004 i JAVHRAIE
[J]. HiEk¥H224R ,2016,59(3) :1003-1016.

[10]

Chang J,Qiu N S,Zhao X Z,et al. Present-day geothermal regime
of the Jizhong depression in Bohai Bay basin, East China[ J]. Chi-
nese Journal of Geophysics,2016,59(3) :1003-1016.

IR A=, 1P B, 2 BRI, A5 DI At h— B R AU A B A
Hy AW )]. USRI, 2017,24(3) +13-26,

Qiu N S,Xu W,Zuo Y H,et al. Evolution of Meso Cenozoic ther-
mal structure and thermal rheological structure of the lithosphere in
the Bohai Bay Basin,eastern North China Craton[ J]. Earth Sci-
ence Frontiers,2017,24(3) :13-26.

VSR FLEE T, DESHE, 55, M2 X BRI S5 o R A
F[1]. HER2EBEBET],2017,32(11) :1224-1230.

Pang Z H,Kong Y L,Pang J M, et al. Geothermal resources and
development in Xiong” an New Area[ J]. Bulletin of Chinese Acad-
emy of Sciences,2017,32(11) :1224-1230.

MR, F PG %5 0k L ALK R R R 22 5 WP (D] JE st
B AR A (e st ,2018.

Liu J. Reservoir characteristics and comprehensive evaluation of
Wumishan Formation in Jizhong depression[ D ]. Beijing: China U-
niversity of Petroleum( Beijing) ,2018.

i BRI, UUNL, A5 LR X B R 5 R L2 A T A
FEE, EFEN R A X B 1] 5 248, 2019,21(6)
885-900.

Lu K,Bao Z D,Ji H C,et al. Characteristics main controlling fac-
tors and Favorable area a prediction of karstic geothermal reservoirs
of the Jixianian Wumishan Formation in Xiong” an New Area[ J].
Journal of Palaeogeography,2019,21(6) :885-900.

XSS AT, 553 WL, 25, M35 Xl PR Al 27 e ik X S R
B X[T]. HEkRLE ,2020,45(6) :2221-2231.

Liu M L,He T,Wu Q F,et al. Hydrogeochemistry of Geothermal
Waters from Xiong’ an New Area and its indicating significance
[J]. Earth Science,2020,45(6) :2221-2231.
ST, CHMEMS | T, A 22T X 55 K LI A PR AL
SAHMIX[T]. HFRL,2020,55(2) :487-505.

Dai M G,Ma P P,Lei H Z,et al. Distribution characteristics and
favorable targets of karst geothermal reservoir of Wumishan Forma-
tion in Xiong” an New Area[ J]. Chinese Journal of Geology,2020,
55(2) :487-505.

FARKE =R, Ehihe A5 A2 T DX A 30 L Xt A T SR % 5t
AT ], HFi2EH],2020,94(7) :2013-2025.

Hu Q Y,Gao J,Ma F, et al. Dynamic prediction of geothermal re-
coverable resources in the Rongcheng uplift area of the Xiong’ an
New Area[ J]. Acta Geologica Sinica,2020,94(7) :2013-2025.
UG T SRR KA, A I DX A S A P A s () 5
BRI, M4, 2020,94(7) :1981-1990.

Ma F,Wang G L,Zhang W , et al. Structure of geothermal reservoirs
and resource potential in the Rongcheng geothermal field in Xiong’
an New Area[ J]. Acta Geologica Sinica, 2020, 94 (7): 1981 -
1990.

FHIY R, SO, S MR DX i FEAR o X 55 2 1 2 A
ERFAE 55 i P RE M F SR E [ )] LB 4R,2020,94(7)
1970-1980.

Wang G L, Gao J,Zhang B ], et al. Study on the thermal storage
characteristics of the Wumishan Formation and huge capacity geo-
thermal well parameters in the Gaoyang low uplift area of Xiong’ an

New Area[ J]. Acta Geologica Sinica,2020,94(7) :1970-1980.



- 1408 - w5 £ B 47 %
[11] AR, Tk, Sl 45, e X 258 St 44 HH M i A 1k 24 [21] ROtAS, ERE RARAT , 45, M2 X RREUT 32 722 Baufk W 224 25 py

[12]

[13] #

[15]

[16]

[17]

[18]

[19]

[20]

AELT]. M4, 2020,94(7) :1991-2001.

Zhao J Y ,Zhang W,Ma F et al. Geochemical characteristics of the
geothermal fluid in the Rongcheng geothermal field , Xiong” an New
Areal J]. Acta Geologica Sinica,2020,94(7) :1991-2001.
R Tl F DR A T XU T PRI A i
R SR IE[ ] . uEk2£4,2018,39(5) :523-532.

Wu A M,Ma F,Wang G L, et al. A study of deep-seated karst geo-
thermal reservoir exploration and huge capacity geothermal well pa-
rameters in Xiong’ an New Area[ J]. Acta Geoscientica Sinica,
2018,39(5) :523-532.

FHTAN, TR X0 e b, A% Al 2253 DX AP X R Sl i st P
FRE SRR T]. TR ,2019,54(1) :176-191.

Dai M G,Wang X W, Liu J X, et al. Characteristics and influence
factors of geothermal resources in the starting and adjacent zone of
Xiong” an New Area[ J]. Chinese Journal of Geology, 2019, 54
(1):176-191.

TR, 2R TR, 25 225 X LR S AR B g il X
F[J]. RS T ,2020,32(2) :46-50.

Lei HF,Li HY,Dai M G, et al. Geothermal field features and
their control factors in Xiong’ an New Area[ J]. Coal Geology of
China,2020,32(2) :46-50.

WRal e AR AR 55 AU b B
BLIRILI]. HoBE%4R ,1990,64 (1) :80-91.

Chen M X,Wang J Y, Wang J A, et al. The characteristics of the

Tk B HHE 1K

geothermal field and its formation mechanism in the north china
down-faulted basin[ J]. Acta Geological Sinica,1990,64 (1) :80—
91.

T, A IR A ATt e L b A B T e VR 0 Sk % b
RIGFHEL)]. HbTRH: ,2014,49(3) :850-863.

Li W W,Rao S,Tang X Y, et al. Borehole temperature logging and
temperature field in the Xiongxian geothermal field , Hebei Province
[J]. Chinese Journal of Geology,2014,49(3) .:850-863.

B, RS R AR R DX 55k L A P )2 o0 A RRAE
[J]. HERBLFARIVE,2021,11(5) :584-589.

Hu B,Zhao L, Lei H F,et al. Distribution characteristics of geo-
thermal reservoirs in Wumishan Formation, Xiong” an New Area
[J]. Advances in Geosciences,2021,11(5) :584-589.

L, AR, B A5 e EL b A PR R R B AR R AR
WFFE[T]. PR 51035 ,2017,41(2) ;242-248.

Li H,Yu J B,Lyu H, et al. Gravity and aeromagnetic responses and
heat—controlling structures of Xiongxian geothermal area[ J]. Geo-
physical and Geochemical Exploration,2017,41(2) :242-248.
TARAR IF HB, oI R Al 2 37 DX AL 14 I 14 = 2 i iR AL 3
FRE[)]. MR 513K ,2017,41(3) :385-391.

Yu C C,Qiao R X,Zhang D S. The basement tectonic characteris-
tics from interpretation of aeromagnetic data in Xiong’ an region
[J]. Geophysical and Geochemical Exploration,2017,41(3) ;385
-391.

R[S, SRS, K JSERS , S, M2 BT DX = A M TT A - R
AT SR I AR [J ] ThEBL 2 HER B2, 2018,48(9) :
1207-1222.

He D F,Shan S Q,Zhang Y Y, et al. 3-D geologic architecture of
Xiong” an New Area; Constraints from seismic reflection data[ J].

Scientia Sinica; Terrae,2018,48(9) :1207-1222.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

LIEBPERTFEL )] HER2A41E,2019,40(6) :836-846.

Shang S J,Feng C J,Tan C X, et al. Quaternary activity study of

major buried faults near Xiong” an New Area[ J]. Acta Geoscienti-

ca Sinica,2019,40(6) :836—846.

TR K B A U, TR R BT DX b R LR A K T e

[J]. HEFHAE B ,2020(21) :68-69.

Zhang L F,Zhao S F,Zhang Z. Discussion on geophysical charac-

teristics and methods in Xiong an New Area[J]. China Science

and Technology Information,2020(21) :68-69.

EHL, KA, R, A 22 DX M A PR R R 5T Ok

RO BAGUESE [ J]. 5, 2021 ,48(5) :1453-1468.

Wang K,Zhang J,Bai D W, et al. Geothermal-geological model of

Xiong” an New Area: Evidence from geophysics [ J]. Geology in

China,2021,48(5) :1453-1468.

T B R 22 R, A5 A b R R i 4 R P BEL S IR AR R

T 220 DX R = A b ST 2 R AR [ )] %T”%'ﬁ%ﬁ%,mﬂ,%

(4) :808-815.

Long H,Xie X L,Li F Z,et al. 2D seismic and high-density resis-

tivity sounding reveal the shallow three-dimensional geological

structure characteristics of Xiong” an New Area[ J]. Geophysical

and Geochemical Exploration,2022,46(4) :808-815.

TP, EB, IRAR, A 2 DX R A 100 TR I M e B B

BEARLT]. A ek P B HR 2022, 57 (4) :855-869,793 -

740.

Yue HY,Wang K, Zhang J, et al. High-precision imaging technolo-

gy of deep reflection seismic in Xiong’ an New Area and its sur-

roundings areas [ J]. Oil Geophysical Prospecting,2022,57(4):

855-869,793-740.

FRE Gk, G, A T X LA MR 3 R AE KRR L

()] MR IRAEH ,2019,62(11) :4313-4322.

Wang Z T,Zhang C,Jiang G Z, et al. Present-day geothermal field

of Xiong’ an New Area and its heat source mechanism[ J ]. Chinese

Journal of Geophysics,2019,62(11) :4313-4322.

AN, B R R KT 55 AT I AT 2 A AL ) ]

HoFE M ,2000,22(2) ;111-122.

Xu J,Gao Z W,Song C Q, et al. The structural characters of the

piedmont fault zone of Taihang mountain[ J]. Seismology and Geol-

0gy,2000,22(2) :111-122.

A W K FE ki, 45 S PR I L A R A [ )]

BT, 2002,48( 1) :58-67.

Yang M H,Liu C Y, Yang B Y, et al. Extensional structures of the

Paleogene in the central Hebei Basin, China[ J]. Geological Re-

view,2002,48(1) :58-67.

?ﬁfﬂﬁ TR , TKMG , 45 22 37 X A 1l N PR35 K X Ay
FREMERZBTFE[J]. HiBk41R,2020,41(4) :481-491.

Fan Y L,Tan C X,Zhang P et al. A study of current in-situ stress

state and its influence on tectonic stability in the Xiong’ an New

Area[ J]. Acta Geoscientica Sinica,2020,41(4) :481-491.

LT R, ThRR A, MELERT Xl b i TR Ul

—RIEITH[ )], Huske74f,2018,39(5) :513-522.

Hao A B,Wu A M,Ma Z, et al. A study of engineering construction

suitability integrated evaluation of surface-underground space in

Xiong’ an New Area[ J]. Acta Geoscientica Sinica,2018,39(5) ;

513-522.



6 3 P IEBEAE 250 DX TR 55 2 L 2L il 2 A3 Pl i R T 7 - 1409 -

[31] K3, D%, RB R, 55, FL T2 MG RR A (0 B 22 8 X v oy Mu Q Y, Wei Q,Pang H C, et al. System composition and functions
TIEUNATIE[T]. ERIR ,2018,39(5) :542-548. of the TFEM network time frequency electromagnetic acquisition
Zhang J,Ma Z ,Wu A M, et al. A study of paleochannels interpreta- system[ J]. Equipment for Geophysical Prospecting,2017,27(1) .
tion by the spectrum of Lithology in Xiong” an New Area[ J]. Acta 67-170.

Geoscientica Sinica,2018,39(5) :542-548. [37] 5L, 5KHF  Boi 45, ST i 400 b i vk A0 35 v 34 g 9l A< I 3

[32] T, i, E/NY, 5. HEZ2 0 X TRl B A 8 58 5 JAE[ )] . TS M5, 2018,37(2) :585-594.

Y TS A AR [ ], v [ B BT, 2019,46 (S2) : 123 - Shi Z,Zhang H,Duan T et al. Investigation of oil and gas reservoir
129. in Jizhong depression based on time-frequency electromagnetic
Ma Z,Xia Y B,Wang X D, et al. Integration of engineering geolog- method[ J]. Global Geology,2018,37(2) :585-594.

ical investigation data and construction of a 3D geological structure [38] RFA, XUFEE, (] 2255, 46 3T A0 oL R 7 0 & A DL 0L
model in the Xiong’ an New Area[ J]. Geology in China,2019,46 E%Eﬁﬁﬁﬁ?{[” . HER Y B4R ,2013,56(9) :3173-3183.
(S2).:123-129. Zhang C H,Liu X J,He L F,et al. A study of exploration organic

[33] Dong W B,Zhao X M, Liu F,et al. The time frequency electromag- rich shales using time-frequency electromagnetic method ( TFEM )
netic method and its application in western China[ J]. Applied Ge- [J]. Chinese Journal of Geophysics,2013,56(9) :3173-3183.
ophysics,2008,5(2) ;127-135. (397 AfJRsn, 2 T, B I, 45 i 430 @ ( TREM ) BR . 504 ik 34

[34] He Z X,Suo X D,Hu Z Z, et al. Time-frequency electromagnetic [T]. A3 BR A BI% , 2021 ,56(6) :1391-1399, 1202-1203.
method for exploring favorable deep igneous rock targets: A case He Z X,Dong W B,Zhao G, et al. Time-frequency electromagnetic
study from north Xinjiang[ J]. Journal of Environmental and Engi- (TFEM) technology: Data processing[ J]. Oil Geophysical Pros-
neering Geophysics,2019,24(2) :215-224. pecting,2021,56(6) :1391-1399,1202-1203.

[35] Ml MR B AT SO, 5. PR RE (TFEM) SR B AR . 4085 [40] Cooper G R J, Cowan D R. Edge enhancement of potential-field
RAERGE[]]. A Mk P 2R, 2020, 55 (5) - 11311138, data using normalized statistics [ J]. Geophysics, 2008, 73(3) .
937. H1-H4.

He Z X,Chen Z C,Ren W ], et al. Time-frequency electromagnetic (417 SRR, RAE e, DR | 55, Tl 22 3 DX IR 30 b 9% TR i 251
(TFEM) method: Data acquisition system and its application[ J]. S5HER XM T]. #HFizER ,2020,94(7) :2026-2035.
0il Geophysical Prospecting,2020,55(5) :1131-1138,937. Guo S S,Zhu C Q,Qiu N S, et al. Formation conditions and favora-

[36] BRI 8, BEE, %%, TFEM 4 M =40 B iR R G ble areas for the deep geothermal resources in Xiong’ an New Area

RS IRELT] . R4 ,2017,27(1) :67-70. [J]. Acta Geologica Sinica,2020,94(7) :2026-2035.

Research on time-frequency electromagnetic method detection of Wumishan

Formation thermal reservoir in deep Xiong’ an New Area

Cheng Zheng-Pu'"?, Lian Sheng', Wei Qiang', Hu Wen-Guang', Lei Ming', Li Shu'
(1. Center for Hydrogeology and Environmental Geology, CGS, Baoding 071000, China; 2. School of Earth and Space Sciences, University of Science
and Technology of China, Hefei 230026, China)

Abstract: Xiong’ an New Area is one of the areas with the best conditions for the development and utilization of geothermal resources in
sedimentary basins of eastern China. Wumishan Formation of Jixian System is the main thermal reservoir, with buried depth of the top
boundary varies greatly, which istypical carbonate type thermal reservoir. In order to find out the stratigraphic structure and concealed
faults within 6 km of the starting area of Xiong’ an New Area, focus on finding out the spatial distribution and structural characteristics
of the main deep thermal reservoirs, and predict the favorable geothermal areas, the time-frequency electromagnetic method is applied
to the geothermal resources exploration of Xiong’ an New Area. Through high-standard data acquisition, refined data processing and re-
sistivity-constrained inversion, the pseudo-seismic imaging technology and borehole data are used to calibrate the resistivity horizon,
which effectively improves the reliability of interpretation results. In this work, 8concealed faults were identified, mainly NNE strike
normal faults, which controlled the salient-depression pattern and stratigraphic distribution of the study area. The study area is divided
into Rongcheng salient, middle sub-depression, Niutuozhen salient and Baxian depression from west to east. The thermal reservoirs of
Wumishan Formation is mainly distributed in Niutuozhen salient, Rongcheng salient and middle sub-depression, with buried depth of
top interface is about 600~2600m. Vsing the inversion results of the time-frequency electromagnetic method, the three-dimensional ge-
ological model of the study area is constructed, and the Niutuozhen salient area is considered to be the optimal geothermal favorable ar-
ea from the aspects of heat source, channel, reservoir, caprock and fluid, especially near the footwall of F,.

Key words: time-frequency electromagnetic method; Xiong” an New Area; deep geothermal exploration; thermal reservoir of wumishan

formation; favorable geothermal area abstract
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