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Abstract: The paper is the result of geothermal geology survey engineering.

[Objective]The mountainous areas surrounding the capital city belong to the ecological conservation area of
Beijing-Tianjin-Hebei, including the contiguous areas of extreme poverty, and are rich in hot spring resources,
but the degree of exploration and development is low. It is of certain guiding significance to carry out research
on the distribution pattern and development characteristics of hot springs for the exploration and development
of geothermal resources in mountainous areas. [Methods]In this paper, based on the collection of information
on hot springs and deep tectonics in the mountainous areas of Beijing, Tianjin and Hebei, superimposed
analysis reveals the connection between hot spring distribution and deep tectonic thermal background, and
explores in depth the hot spring heat source and its formation. Combined with supplementary surveys, sample
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collection and comprehensive research, the development characteristics of hot springs were summarized, and
prospects for hot spring development and utilization in the study area were proposed according to local
conditions. [Results]The results show that hot springs are mainly distributed along NE and EW deep major
fractures in the form of bands or beads, 90% of the hot springs are distributed within the deep structural
variation zone of the Moho surface in the study area. The temperature of hot springs has a certain negative
correlation with the depth of dwelling, the depth of dwelling in the high hot spring area in the northern Yanshan
being about 20km, the depth of dwelling in the relatively high hot spring area in the Yanshan-Taihang
Mountains junction zone being about 22~24 km and the depth of dwelling in the low hot spring area in the
southeast Yanshan being 22~26 km; the heat source of hot springs mainly comes from the mantle heat or
"low-velocity-high-conductivity layer”, and the upper mantle diapirs and deep large faults provide good
channels for the upwelling of deep heat sources; On the regional scale, there is no direct correspondence
between the hot spring outcrop temperature and the depth of circulation, and the thermal reservoir temperature
of sedimentary rock reservoirs in the intermountain basin is low, with a large flow rate of hot springs, up to
about 120 m%h. The thermal reservoir temperature of metamorphic rocks is generally greater than 100°C, with
a smaller flow rate. The hot spring water in the study area generally has medical development and utilization
value, among which, the northern Yanshan and intermountain basins, have a better potential for space heating,
and areas such as Qijia-Maojingba can be further developed in the direction of thermol-electric integration.
[Conclusions] The distribution and development characteristics of hot springs in the mountains area around the
capital city are influenced by the deep tectonic and regional geological structure. The northern Yanshan
Mountains and intermountain basins have good development and utilization prospects.

Key words: Mountains surrounding the capital; hot springs; deep tectonic; geothermal geology; heat sources;
geological survey engineering; development and utilization prospects

Highlights: For the first time, the connection between the distribution of hot springs in the mountainous areas
around the capital and the deep tectonic thermal setting was revealed by overlapping analysis on a regional
scale; the development characteristics of hot springs in different regional geological settings were
systematically summarized, and hot spring heat sources and genesis models were investigated, and the direction
of efficient development and utilization of geothermal resources in mountainous areas was proposed on local
conditions.
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Fig.1 Schematic diagram of distribution of hot springs and abyssal fault in research area
(modified from Zhang Dezhong et al., 2013&)
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Table 1 List of thermal background, temperature and water volume of hot springs
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Table.2 Statistical Table for Estimation of Deep Thermal Storage Temperature in Fuping Hot Spring Area
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SEMRE 62 90.47 131.68 105.77 114.22 102.19
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Table.3 Statistical Table of Deep Thermal Storage Temperature in Hot Springs of the Research Area
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KATILX BPER R 27~62 56~147 A A
L ) e R EL 32~38 62" (25T 2%, 2020)
N . _ . (7k%,2012)
#ll K Je L X AR 29~98 40~175 (313H.2015)
M H LA REX 39~46 90~110 (2 r#5,2020)

e PR P IR T A

4.3 KA KBS FFIE
4.3.1 IKAZEARRAE

W9 DXL SR A 2 2 KT TR A Aol kIR SR8 S LR A, ISR K — et B,
/KR 30~90°C, HALZRI L s —, BB T-LA HCOs. SO, N, PHEFLL Na. Ca. Mg N¥. Hr,
R T AR SR 5 ANAE i R SR . pH B 7.98~8.75, TDS {f 730~997mg/L, 7KAb2#3EAILL SO,-Na &K 3,
Bilhn, LAAS A fis S BN Vi 2 1 B BLRR « VETRIZ SRR SR DL DATE 4 2 F i S BN B 2 R Ll
TRARZ R e TIRIREL A HUE SR, pH {E 7.55~8.30, TDS {f 401~488mg/L, 7KAikZ2EA DA
HCO;-Ca Mg, HCOs-CaNa 2, flhn, LA]E R 550K 1140 1 2= 5 9 #fil J2 IR B B 2t S e PR 2l 4 S
WX o HTRRAKERE T T IREIEES, SHEAKR MM, me A2 EARErRE, Fik, S5
WFE DR SR R IREERR . Wi S5 5 T B T iy, FEAE BRI KR AR
4.3.2 BAEFRE

Ll DX SR RO B A 52 2 b b 2% PR ST RAR B (s i A4k . MR b, AN R e, RARARE
MERE— /N T 5°C, AR AN KX, KRR R K. Wik B TERE 2 8RR,
JEKUE 45°C, [ 1964 4t TR TR, WpRIA G, WK FEER OS5 RKRE, KRR, 2007 4
A KIE )Y 30°C, 2013 4EIH A /KIE A 28°C, 2015, 2022 EHA/KIR 27°C. /K& L, EIFRER /MR
FERHLIX, AN, 7552 R PR 252 m B B s N TR X, KE 2PN &S, SRR
HH UL TR P T BV R O, B sk R VKRR T 2R, B 1970 S IR E IR S, SRK
FH: PRl E SR R RATER , FUREN 11.59m%h, 2 ACATT RS, 2008 4E)E, HIZESET
o K b, BIFFL IR AR 32 B T R AR AR BN, AN SR AN B TR B, il an R e B
B IRSR ) HCOS 51 1990 4F-& 0 19.53mg/L, 2013 FE& &4 2.4mg/L, 2022 4E& 2k 23.19mg/L;
FREE TP B AT S EEL S A OK TSR 2009 4F CIEF& 08 4.3mg/L, 2013 4F24 44 mg/L, {HE7K4k
SERRIRA, KFAEERATE, WE 4.

4 #BELRRKFHES ISR
Table.4 Comparison Table of Chemical Components of Typical Hot Spring Water

! " EEET AR (mgL) : —
in | by e T T T T men | AMeERE
IR FEf Na Ca Mg CL HCO3 SO, (mg/L)

KT 2009 10.4 54.5 214 4.3 283.1 12 271.9 HCO3-Ca Mg
AN

- 2013 7.4 64.9 253 44 2319 276 431.6 HCO3-Ca Mg
‘ 1990 120.39 2.81 0.02 37.23 19.53 1154 455.1 SO4-Na
G 2013 120.1 2.4 0.5 38.3 2.4 99.6 424.2 SO4-N
TR . : : . . . . ki

2022 114.83 3.49 0.06 27.20 23.19 116.4 435.0 SOs-Na

5 iRRIRKRE

TN R G PR DA P T LA R [ iR AR AN B R B, DL e R I JT R UL Th,
K AR AR (E5TF855,20200 0 #&LL-AAT (RIS RIE AR Fe it o — MR OMIE A 5 Al (K
IRIE, 20000, KAT I X B AR A N, H5eik il 2 UM PEAE SRR, il X IR R DUA Ha N,
HAMWE A AERER, EAR TR IER AR (IESE,2020), HFTTIXEEAR5 [ AR ER A A



IGERARIR], JE T R4 5 A, IR IR AR R B AR IR RIS YR B . ] an A A X e iR SR R X
LRI, ESodrd, FEMmMBER 35.5km, &R 20km A4, EFFRXEEET
FETHIX, XSS, (2020 HiFAHH X333 K DL RO PR AE AR DTk 2 23%. BRikZ 4b,
TESKR K -3 S22 Wi of, 3 (L sk AB B b R SR AR 7RG = Sk (B 05055, 2018) , 4% Ma Zongjin
(1999)f 5, #eliafy 8km~20km AT 2 EIIE K G <2 )=, el iy DAL Py 5k D) <1 R 2D 1
RIGEE, R —, AEIKE. &3 GREFESE, 2019). fEARTILX AR RZ AT, 16
W NHIGEAAERIME BT YDA, RN SRR, BAR H AT — & SR R L 2 R iR,
AERSREARMEAREZ CBRRIES%,1998; R 4E5,2021), HiFe B R A — Bl A IKHE- 5 5
E R ST N PR IERE, SEK () AT IATTR ) R BERIE . —. B, Bl —ad . FHFRAK
AR VK 5K O -SSR W 2 I AR 2 b R R R s a3, 1% 5 RE—JE R —ik R O [ b4
VIR B RIS R R CGIROREE,%5.2020) . Kt AR 5T X 5% ARG DA S35 R - v 5 2 AT
WEYRE E,  H SRR U 1 TT BB RR

b5 RS A 5 A LR AR SRR 77 A, 38 b BB E 45 (1990) G il (1w KR 1)
AR 3000m J4Ab M 43 A7 B (B e 2, 2015; F 449%5,1990), 3 A3 7T [X 3000m £ iR AE /T 60~80°C,
MR ERFEA T 15~20°C/km 28], J& T B AR E R WX, (A2 e deds R i R X, i3
SATRE, AR (MR XD BAERKEE 20 IR EHE, &%, (2002) AR
e AR B SR ZE 2y R M BR N ST AR RE AN 1) R Pt TRORITRE. HhfR . IR RGIREA . RE
T T AL 3 S R R AR [ Hh BR A A R IS RS 1 S B (IR AR, %5.20200 . I, GR35
T 28 b 72 PR PREC T 1 52 AR A P b X SR 7K P e U BH S BT 3R A T BRI IR R N (7 B %,
£5.2018; 5k R, 5620200 Bk Ll [B) B SR X Ah, AL XSRS IR TR (L R IR ALK R 4
TEBOX Tl R S8 1) S R S5 RATAE B A KR AENEA A — e B B R 0 W Z IRy (F 5eF45%,2020;, £ %
FEE, 2022), KRAFEK. MR KBRS N /K E B B m s X, I 7 J2 Bl 3 W 24 i peais ) R v%
7 JE AT IRIGER, H N /KAE PSRRI AR o 5 2 T i B S R s e A . AR SR AL IR A AT #
&, KIEAWTE S, KBTIA B0 A S BEHL T DX AR B IR /N W 2R R S AR 1) 508 12 B K A
INFT BOR BER, IR T = BRI R K AE BT 26 A A R AL (— AP S8V AL ), VA6 )
HpyEsiE R Ll SRR SRR . —MRSEET . H BRI AR S EREE- & 52
BB YRIIRI X IR, 5 R s TS T JE B RERUR,  Hu R /KGR W 2 R Il 5 AR B
SRR X, — M IR SR, UL 5.
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Fig.5 Thermal source and genetic model of hot springs in research area

6 FEFIABIR

BZE 2021 2, ERRMIARIHE RS h 1995 F1) 28 MEK T 88 4. BRI VR 2 B HLIE
o [ AR AR R A RO W b A IR SRS HEE REVR S A i AR T, MO IR B SR, T EA AR
AR, TN SR, RARRIRSEH . Rk R e T sNap (e B B B )y it R 9 DX IRLSR HH R iR
J¥ 25~98°C, MU KU 120mPh, IR E & , 48 XIS SORT 72 [X Hh A BT R A B 6.37>10°m?®,
TR 3.27>10%K/a, A TFRAERE 1.1010% Wl CXJI44% 2019) . FRE#1L X 7F 5O 3 1 R K 8
PR, VENTEALERAE S TRIRIX, A HIT R A A RE X T sh A4 2 Se i Mg prat 4kt R i B
HHEER L.
6.1 FLERHE R

T, RECSE BT s KRR AR 9 CCHriARHh E e R ) E R 15,2020), #
KIBRHEBE CA¥4K,2020), FREIJL T 4 Z5 R IR A2 BEVRTH 2 0 B B4 i oy (MR 46,2022), ST
KA E X, FEEEPFRIRE, EHMHETRESEE . RS (GB 11615-2010 HbH ¥t 5 5 i) A
FIYE) (GB/T11615-2010), KT 40°CFGK AT T-2kME, A 781X B3 L A 3N L 8] 225 1h 56 iR JR XK IR
WEs KERK, BHEBREAIMEE . MEPRZERAERREM (rdbE A GHIg s &7 k<t
PUFLFRIY HISCHE, B %5 H 3 i L XGRS DX AR R Bl 2 R P RS 5, ) S ke ] E 25 )

6.2 A K LRSI

] ot AP 55 B A S A —, AT IERe ol — 0T e 2450, [ A SRR R
(AR — 09 90°C ~140°C, SR ] ORC BRINZE A HLEIAR, K I AR AE 6.4%~12.9%(ZEHEERSE,2019),
{EH ORAIE 896HA i < (14 S A PP IRIE M P R FERANFIAT B (R F745,2020) . ZRAFERSE AR ORC [l Lif

SERKEE A, RIS K AR 9.1%, 1%H8 90~95/25°C [ UK ARSI 11, 254 FL LR P 2% R
THEREIRZE A F H R A 18 7T0%~76%. B 78 X i R S5 H A BT IR LA ARIE v 32, Hirp KT 80°C iR b #4
GHYR B AT A SN --E R X K JE i A X, W3R 5. 5 KR TT, 7E DL X IR &R



FIREAFE T A BRI J). DRI, ARIEHEIR U H , DLBLAABE i e A LA, T e rh kIR e i e
BT BRI, R TR, AR ORI TR S R S A A R IR st 5L X 34
AR AN, HORT A B, R DR A AR R ERRSESR S AR

F 5 ARXKBEXRTF 80CIRRIERGITE
Table 5 Statistical table of hot spring information with water temperature greater than 80<C in research area

HEFE A 5 ML T X B BOEKE (C) | BORmKE (mh)
- 1 LR e { B L BRI %8 70
e 2 I B B RIBUKS 987 100
WL ) 3 T Mok BRI HUR 86 80

6.3 TRl S Bk

VTSR, BEAG B SO0 5 M R = LR, SEORIN BE BRI 7R A T — R (R SR i 7 L AR
JE#G (RBEAR,2019), 2021 4, [ 55 B & A V0 Tl R Rk B A 3 g i —HEiE R . BR
FrHENF B A AR R AR S R I R R . WA IX B R R R R R . BR
%2 Bl R R A, RIS K B N T 19/, B R MRS (R S A
AR R VIR, EBIESTH AOKBARAE, i, el X RSG5 -2 R R K, K471 B
N, REOFINHEEERS, MRS E%E AT 90mg/l, #E & EEiE AT 10mg/l. FK, B
XAEAESEFEX LG EX, HEEENERTIEMASCEN, BA RGERRESR. fRiF. BT K&
TR S5 2 P T R T
7 Z5ip

(1) e EBl X AR 2 s ], B A (S /N T 44km (1386 L - RAT IR0 6
Ay b, WRERRWT LRI Y S NE [RUR1E EW [ APR 40 A , 5% 400 A s B T MR VR LA e R A Sk
R IR 3 A E S BLTHIER /T 26km FBGERHIIX, 8BRS AR FORHR IR 1 RS AN ] 2400 .

(2) R REBREZERA ST, HE AN 40~60C, HmEiRis 98°C, HAEEE /N T
150°C, KATIIX WA E M ERER/D, — BT 1imYh; (LA ZH TR % ER R R, ek
120 m*/h.

(3) ¥R SR A B R [ AT A - A, 1 b JEC R TR A B 2 9 Y 0 gt ) By 4 it
T RUFIEIE, ZX R E R, IR R B R SRR E A E B PR, VBV EER
FERTF 80°CHIXIRK, W] REAFAEGH il 1 o

(4) FE il XiR R A B IR FI RS, fal Al ah, BB I HEmRE 11, &
fES S IRIN A X AT 5 A — R T R R s B AT X SR K i AT BT R R R ANME, 1R
TSR RN R IR TR 5 T HAT AR 3
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