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Abstract: This paper is the result of geothermal geology.

[Objective] Zhangjiakou City is rich in geothermal hot springs,but at present, geothermal resources exploration and research work
is mainly concentrated in geothermal hot springs outcropping areas,and the rest of the area is basically blank. Analysis and research
of deep geothermal features, hydrochemical characteristics, formation mechanism and thermal reservoir structure relationship, re-

75 B8 :2024—04—19

EETE Wbg My 7= 535 B K5 1 R SR IR PEANIE A A (13000024P00329410252P )

PEE RN TR (1979-) , 55 IE R G T RRIN , 0D =F VR )2 i A 9 U5 08T 25 1 A 7K SC b J3 3 4t A A= 75 A 85 b BT 1 5 T4 | E-mail:
296359652@qq.como

MEWEE : BA4(1987-) 95 it g AR, 2 A SR BEE AT T4, E—mail: 704387029@qq.com.

http://hbdz.org.cn 4 k. 5, 2024, 47(3)



98 2 it b J 547 3

search and summarize different types of geothermal resources and thermal reservoir structure of geothermal resources in the water-
rich features, guide the blank area of geothermal resources exploration, development and utilization of mountainous areas and re-
search, and help the ‘double-carbon’ goal to achieve. [Methods] Based on the detailed investigation project of geothermal hot spring
resources in Zhangjiakou carried out by Hebei Geology and Mining Bureau,we fully analyze and study the distribution of geother-
mal resources in Zhangjiakou,the conditions of thermal reservoirs and reservoir characteristics, conduct research on the mechanism
of genesis and analysis of the environment for the formation of geothermal water and analyze the characteristics and advantages of
the storage of each geothermal type with examples. [Results] Taking the typical district as a representative, after a large amount of
data analysis and research, it is found that there are certain differences in the water volume, water temperature and hydrochemical
components of geothermal hot springs(wells) in different geothermal resource types and thermal reservoir structures. [Conclusions]
The geothermal resources of Zhangjiakou are divided into three types and seven types of thermal reservoir structure models,provid-
ing scientific theoretical support for the exploration and development of geothermal resources in the mountainous areas of Hebei
Province.

Key words: Zhangjiakou, types of geothermal resources, structural modeling of geothermal reservoirs, hydrochemical characteris-
tics, formation mechanism

Highlights: Regarding the geothermal resources in Zhangjiakou City, three types of geothermal resources have been divided and sev-
en thermal reservoir structure models have been proposed.
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Fig.1 Distribution map of fault structures and geothermal hot

springs in Zhangjiakou City
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Table 1 Characteristics of open geothermal storage in fault zones
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Fig.2 Schematic diagram of open geothermal genesis in fault zones
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Table 2 Characteristics of closed geothermal storage in fault basin

24 17 £ (km2) HZHE PAEFHEER (M) AEHIRE (C) IR E (m3h)
AR AL e 48.95 Q+N+Jx 800 ~ 1300 54.0 160
L MR 15.84 Q+J+e+0+Ix+Ch 980 ~ 1100 38.0 60( i)
i B i 453 Q+J+e+0+Ix+Ch 1200 ~ 1700 26 ~ 41 55.8~72.5
R EL R 14.42 Q+J+e+0+Jx+Ch 1600 ~ 2700 375 35
IR I 128.33 J+K+Ix 1200 ~ 2500 35~ 45 30 ~ 50(HE)
e e el 187.90 Q+N+Ix 800 ~ 1700 40 ~ 45 50 ~ 80(HfE )

http://hbdz.org.cn 4 3t 7, 2024, 47(3)



102 2 it

H

=

547 %

{m)

-1000 _:;;l'ﬁ e :

-2000 —|.

—3000‘_+++++

3000

. iy + i TN ' i g R
£ Wl T
T e +1» ﬁﬁ% ® FAR

E 3 Wrpaz it ARt E R EE
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Table 3 Characteristics of mixed semi enclosed geothermal
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Fig.4 Schematic diagram of mixed semi enclosed geothermal genesis
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53 AR TDS LA RRTR A R AR 25Tl VB 1 b
K, TDS B R LABR FR AR 25 - R4k k3 i i R 7K A
K TDS BRI R LIS E T R AR 25 T FE AR R AR
BT EN S B B 2RI TR (R 4),

VB I 7 b P 7R b PAOK 2 R 55— 25, TDS Ry
443.2 ~506.7 mg/L, HCO,-Ca - Mg i, HCO, - SO,-Na
AU Tk, H e g R I R 2 i P
TDS 43 %1124 506.7 mg/L .443.2 mg/L, KAk 25 2 Rl 1
JH HCO,-Ca- Mg %4 ; & AL 5 5 i FH TDS 4 491.3

mg/L, 7KAk2FZE R HCO, - SO,-Na &Y, b 45 T ik
T HHOK %5 — 2%, TDS 2 619.8 ~ 884.4 mg/L, SO,-
Na %l Tk, Hirh TDS f kb 7R 3837 % 884.4 mg/
L el B A i H AT 619.8 mg/L; B AL i 4k
FH 2R 30037 S b 3 L R 5 T A FH K fb 2 2 A 3
SO,-Na i, RG24 AU OK R 5 =25, TDS
“} 426.40 ~ 1 121.90 mg/L, f1.4% SO,-Na . SO, - HCO,-
Na,HCO,-Na- Ca,HCO,-SO,-Ca- Mg } CI - SO, -
HCO,-Na#lhh Ik, HA Pk 5z itk TDS
993.44 mg/L, KAk A SO,-Na & ; i 2 AL v 3L
HiH: TDS Jy 554.2 mg/L, /K fk2:25 81 HCO, SO,
Ca-Mg % ; [H i — E i TDS 24 1 135 mg/L, /K
{27205 C1- SO, - HCO,-Na il Hli Hiuk £k 225 10
(RIS [i] Sz Bl 1 BTS2 ke 250 R 2 A 280 s A K A
XoF UT 5 4 b st A M AR AR RAIG B vh 5 TR & AR TR
fife sS4 UTTEEVE R , (45K & & Na' SO, 4%,
I Ca** Mg B & Il /> (55 75 B 45 2023; T vk &%
2023) ; [l HE A2 B P R POK Z 3B KIRA
181 K 7K S5 Py s i = 2 B - AR AR AR, 1 KA
SRR

32 HMBMETESE

SR T b HOK AR AR R IR R B TR T
F B KBS K SCHL T S A s2 A | ds B i A rh RURT
R EME TR T2 EH BN ENCRR,
2022) , A1) s B o B R R 1 2 R v
ML (F5),

T ST T R s ROK SR R S R e R S e
i, PR B 240 KU EE , AR 0030 ik Y SR R
1w 18.10 mg/L . fi FE R & & 91 mg/L, ¥ R 9 &
9.47 mg/L 7 R 7 5 85.8 mg/L; T 7 Jaf 4] Y

R4 REAHEEBMAKUFRIER

Table 4 Chemical characteristics of geothermal water with different types of thermal storage

TDS Na*

ca* Mg  HCO, SO}

Ahfnzel AR (mgll)  (mgll) (mgll) (mg/l) (mg/l) (mg/L) AALFRR
FEE NPT 506.7 33.84 54.55 27.87 2774  67.40 HCO,-Ca-Mg
WiE A B PR REE T 4432 24600 7.00 4.88 4689 1224 HCO,-Ca- Mg
EALBR E WA 491.3 112.5 35.1 17.9 2626  108.1 HCO,-S0,-Na
AL E A 619.8 182.3 12.7 16 110.7 2486 SO,-Na
W4 I 2 FRI SR A 884.4 210 327 0.74 96 373 S0,-Na
I i A 732~813 23056  14.42 0.03 4012 3137 SO,-Na
MRJEME I 993.44 2433 28.9 4.9 725 356 SO,-Na
EAEEWR AR AT 554.2 39.31 69.30 24,55 2644 9364 HCO,SO,-Ca-Mg
P B = T s s U 1135 326.80  59.00 14.3 279.8 3398 CI-SO,-HCO,-Na
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Table 5 Table of geothermal water characteristic
elements for different types of thermal reservoirs

33k I LT
TR 3
g2 Ho AT (mgll)  (mglL) (mglL)

EAMZ S I 3.79 23.3

e 1047, 4

liiﬁ%ﬁ B FEOBMIE 533 2070 11.64
B bR R IE 061 26.16 -

Wi 4y TR R 18.10 91

Pipseit! IR SR 9.47 85.8

RAF FHIE =S5l 153 31.53 3.855
AR REMEAIE 12,22 80.04 -

b PR SR ek R A5 it 0 2R o me A1, )ik &)
A A0 KBS, AN B I g AR AT R 5 D 0.61
mo/L R iERR & i 26.16 mg/L, 27 7l M H T 96
5.33 mg/L ik iR & 2 29.70 mo/L, ‘B AR 5 5 sk
FJERE 1 3.79 mo/L MWAERR & i 23.3 mg/L 555 IR A
2 5t A 7R b ROK SO Im RE R S5 i R S
AR B A 240 KA, A B = T B b O R
1 1.53 mg/L MR AERR % 1 31.53 mg/L, JLik s I
F i 0.97 mg/L AmEERR % i 23.81 mg/L, PR
ZEHPIEEA 12,22 mo/L kiR & 80.04 mg/L.,
T30 R EL = 5 AR A B 2 e PR D )
PR B it I8 BT O (VR B, T B 22 1 e s P 01 7
Fr iR A K BE , BH R E 4 R s AR
IRET AT KIS
3.3 MK ERE

HUR K A I 3 R K AE B K 2 s R i
] , 75— E FERE b S T iR 7K Y 5B BE 7 A 2
A HE T (W, 2019; 5K 545, 2023) o K 5 1 Hb A
IKAFAE SZ A AR L HBOR B L B AN A RN [F]
POKAFIE R I—E R 225 .

3%t L 15 R MG R OO ) [RS8 22 A 45
O R A FE AR SR 2 B 3 A RO
2R E AL I 4 BRSO 6 IR | b RO SR 1
MR 285 L AT 2 3 - W 2R T TR iR 7 S e A
KBS E A 2 4 5D-8"0 Y5 £ K R A A, 520 2
B E AL, B bR BROKOR IR A T REK ; W 72t
MY DR SR B RITR A2t P RUOR S A
MK, B i T RAE K B, B b FR K % b
25 B SRR R T BB K e A B b as (I
KA 2023) (F15) 0S4 AR A C 1138 oK AR

EDVSMOW(%e)
.50+

G1EOVEMOW(%a)

T T T T T 1
-14 -13 —12 -1 -10 -9 -8

& Wi BIFR R R K R FH AR AR
© Vi e A B AR R — i (PR SR K ER)

El5 &AMk D—5" 0 R EDHE
Fig.5 Various types of geothermal water 8 D — §'®0O
isotope distribution

W 72 FRANE T U S8 T30 TR AR 53 7 e ] 750 v R
IR AT IS 8 K TR A2 B A AR b oK, P Rk
55 BOR R MAES Sy 22.78+0.67 Ka, B 53 28 WLAE
7 18.78+0.48 ka, | R £ b K FEMAE L Ry 39.27+
3.24 Ka, Je Az i K AT 54 6.15 ~ 24.40 ka, J
T 70 R SR L D R AR HOK T R RS
TR K 22 A URIE IR G 2 38 A2 K BT 2
S5 A 0 SRR SRS GRS ] R R AE — 2, ik
TR P 3 P 7 AR i AR R AR I N )2 1l
TIKIRA

4 g

R A BT PR AT A SR SR A PR AR AIE
5K 5 11 T b BRI T 43 kg DI SR S O | DB B A
S PATRUFNIR A2 d P 20— iy

(1) W 2daty FF RS « E oA Ae 3 il X, 40 A
TR —FBER /N, Ml Il 5 3 T S A IR sl R A3 A
PAFIR A5 35°C ~ 60°C , /K Th 45 K B dT- , 7K
fl2f2 ) SO,-Na Bk ==, SR AR R 7 Fe s iy, ik
B A0 KA LSRR

(2) W7 3 7t Bt DT 80« 5 B0 A A L 2 L PR
T2 1 S5 T o 2 0 P, 0 A T BRI, At 2 TR A
K FF 800~ 1 700 m, i i {IK 7F 30 ~ 40°C., 7K & &
B TR MDA U, KB — M, KAk A A — iy
HCO,-Ca- Mg # HCO,- SO,-Na %! , #5431l [X_ 585 F1 i
RERR Fr ik Bl 24 0 /KR, AL IR SR R 32

(3)IRA VB P « B0 A A 2 1) i 25 by
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AR LR DX, A A TR — A K R BEAE 28 ~
68°C , KA [ U, K it F= 5, AK BT, 4 AR T
TR, KAk 2 R —% 4 SO,-Na,HCO,- SO,-Ca- Mg
5 Cl-SO,-HCO,-Na &, il & it A IK Bl i 44 07 7K ik
V& AR A B R IR BN E KRB U i R R 2

M TR b AR DX b B SR (I ) 23 TR AR R AIE
FETR R T = b BT PR T () SE Aty b B 5 D5
FEZS AR5 - E R EAE S -

(1) W7 2417 T R b B 2R 58 Pl AR AV AR
A T8 LB, SR LS T HERG N R A e
A, O )2, AV B R ) — R A S R
HeH

(2) W 8F4 4 b P 700 b AR R 0 Pl B A L 56
J2 RN T8 ZH B, P2 S Ty IR i
BRARA . L THESE A5 U R+ AR Ay
AR FRIR-TUh R IR IR, 0 R+
B 7R 56 2 00 P B R A R AR AL R T
T B R AAESE =R,

(3) VR G >F 5 P 7R i A R 0 P AR B R
USTRERAEN Y Y R LY TR & DA ey o A N
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