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Fig. 1 Simplified map of geological structures, hydrogeological profiles, and sampling locations in the study area



Fark Hay

R G TR R =S AR ARSI R S PUR R B 625

26~45 °C ek, HZ A T AL 4852
122 BHEEFHIE

S5 A XK SCHb SR AR, 20 B A5 B A 5T X
B R B R BT TRA R A NEM, X
P& 7K | BT B s T <1 LA A 5[] 525 )2 )
FEAME; KA. B d LRI A &5 0 4517
HEES, IR R m R B RS MR ARIE
B GRS a e VORI L TS R K A%
i A TE S LG WG] | i TR RN B A o R TT 22 i
TR & E, RN A2 2B 5B SR KA A
ARIE R, 0 OS2 RE, BHE TR
PiREBEREZ b, Z AT, WAL IR EE RS
AT B 2 A Bl %) ol Ao T TS B 1 /N AR 4% i
HOE B | A 3 R e S UK 2 S
] o ) A48 1L A4V R i TSI i P T T 0
BN I | S Bl GO KR 56, BB A =&
W Y FI G BT 4 = DB K S b 2 i), Bt
T, A A S, P I A R B B
AR, FLBREE YN 5.63%, BiEFEH M 0.183%

10—3 Hmz[zzq .
2 WMRFE

2.1 h#EghiR

T[] i 5T 9 A S BT b 5T IR A T 2019 4R
12020 443 AR 4 T4 A5 LU T R P 30 KA A
FEEFEAT S TR M 2 503 m A1 1 709 m A4 b FA )
BRI H (& 2) o Horpr, XK VA I TF AL 2 A 1
PR AWMU, LFLHE N B R K% A
PIFFFALHLZ AR P R A, L E N =& &R
FBITA o PO MR AL 5 I H K IR R K 5 53 )
g 42 °C F116 000 m*-d ™', 42 °C Al 1500 m™d ', 454
IR T 3 B R 50 B R R, AR AT)
T A B2 11135 b AV FAAE 45 M R AF (I DL 5 A
TEFR TN ES)

2.2 KUZFMEMEHESHRESUK

KT M TS LT RV H 3K K SCHE
BRACFRRHE, A58 M AOK BLA, 4350 2019 4F 11 H
12020 4F 12 H R 11T H (B D), FFIRK
FERT . PHES TR AR Z M0 T A . BURERT, Irf

IKFEZE 0.45 pm TEFLIE BEHEATHIUE, I e =1, I
H— I I AL LSRR 2 pH /N T 2, I FH & 1
s 3 AW TR 43 S T B B - A SR A 3R
(8D F1 8"0) iz

TKAEH B2 B K L pH R AR 1 T A
(TDS) 256 A5 Bl 2K FH 20 v 118 158 485 =X K 5 43 B 4Y
(Thermo, 520M-01 model) I % . A% & (LA HCO, i)
M H R FHER R (MR BE 0.05 mol- L) i s, Hifth b 2¥ 48
PRAEKRER ST 2 N EA TR, BI(SO,” . CI'L F .
NO, ). BHE F(K'. Na', Ca’", Mg”", B, Sr. Si. Li) .
8D 1 8"°0 X7 v [ iy o A2 (IR ) i ot 3 A AF 5T
Beil 5, i 43T KRR 2 4 5 AT RE R 2E 35 7 5%
LA, 8D AT §"°0 M5 22 43 51 /N T 0.5%0F1 0.1%o-
BERIIR LS R 0L 3% 1,

3 ARMEEHE

WFIE X B 2 2 = R B R e UL
YRR IR ER A )2 5 PR 35 )2 AR AR LD
JEM = RS WE S 5 = 5 B R AR B A
JZ R = 2 AN R T o e R #h o 2 (€ 2)
Jat s X, 32 KR Wi R0, TR FROK iy B 2t BTt
53R Ve K IR A A R RERAT T 5 410 )=,
BUE UG LSO P2, a0 22 487K B30 5238
I FAE G 3 24 K A 37 ¢ Mz

3.1 AR

TERE 2 RS LUK 9 S 7K CH 41 O2) FR 2 Ak
JZ o G5A RS DX E SR Y G 11 b T S N I %
B HT XN BB IGE)E N =8 R T 5w IR
PUFD =B, WERMHE N =B RIS —, "B
TR OIS . PR B o X b A b o SR T R, XN 35
Bz Y120 7 1 S A e R £ 2 88 X, VT L 95 7K
VT B R R B RS A R D M IR R R
O, AT R T 4 st WA BB T8 2 7K SCHb e 5%
PRSI B I LR T A R P A B R B G Do
XU 52 ) Hiy B0 Al P 7K S i I B R R IR BEUR B
841~857 m. 998~1 052 m HiJZ K e, ‘HIEH KT,
Bl b, HLA B A K 2 ARAE . DU R R
2B B, A KERE B B REAE A A B
B SCH R I0FHE R AR SO WoR % BB
IR R RCIR BE /A T 1307~1 516 m, X107 5 B8 V1. 40



626 A 2022 4F
R /m
500
400 XN V5 HFRTF: TEAEAS H P
300 268 m
200 Qi
228. 5|
100 Jor —— ——
= =i —] L ]
o = & won
e pus== & = au|
-100 T2l -__ 224.0 s
2200 = [ PUES,
- 1T — 17
300 L]
— = 212. 0 o . w
PN - Jz EPee = Pedh A
— | s o ETTa]
500 i L Y etete T
ool s e ERRRE K
—  TIgEEe. 50 W™ [
700 T S| Sazsondl SARENRA
—-800 i = TNoNN: Jz1
i 25 . .
-900 == TIEEE 1250 SRR aseh s RS R fIkdl
~1000 5 === —
R — 1 | o . N
1100 |I T A A " ﬁtn :%%%MD@E
—] Tj = I897. 00 =T M=1 ]
~1200 = ]
— ot T] B 525. 9 E%
— = HE
Rl KB RIRE 258
~1 500 5
17059 m Tj
—1 600 B ARERTYA R 2 HEA
1
-1 700 XTI -
—1 800 AWRNE RY R TR
1900
o HEBATE AR K%
o
— EUES
—2 200
~2300 2503.00 m
—2 400
—2 500

B2 5 ZWmiEELERXISGH AR AR E

Fig. 2 Histogram of geothermal wells of Liujiagou and Guihua village in the Tongluo mountain anticline of Guang’an City
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Fig. 3 Piper diagram of water samples in the study area
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Structural characteristics of Triassic carbonate geothermal reservoir and genesis of
thermal water in the Tongluo mountain anticline of Guang’an City, China

YUAN Jianfei, LIU Huizhong, DENG Guoshi, LI Minghui
( Chengdu Center of China Geological Survey, Chengdu, Sichuan 610081, China )

Abstract There are abundant geothermal resources at low-medium temperature in the fold mountain areas of eastern
Sichuan, and the main geothermal reservoirs are Leikoupo and Jialingjiang formations. Generally, karst geothermal
reservoirs have the advantages of large water volume, easy reinjection of tail water after exploitation, and less damage
to geothermal reservoirs. Recently, a great breakthrough in geothermal exploration of the Tongluo mountain anticline
in fold mountain areas of eastern Sichuan has been achieved. Two deep geothermal wells with a depth of more than
1,700 m have been consecutively drilled to obtain karst geothermal resources with high development and utilization
value. However, although good results have been obtained in terms of geothermal exploration, there are relatively few
studies on the characteristics of geothermal reservoirs and the mechanism of geothermal water circulation.

In the study on structure characteristics of Triassic karst geothermal reservoir, geothermal water chemistry and
stable isotope composition, geothermal reservoir temperature, and mechanism of geothermal water circulation,
methods including geothermal drilling, hydro-geochemistry, diagram analysis of thermal water components, and geo-
thermometer assessment are used to analyze the occurrence condition of karst geothermal water and genetic model in
this study area. Results show that the geothermal reservoir structure in the study area is relatively intact, and the cap
layer of thermal reservoir, the thermal reservoir, and the lower water barrier layer are formed as independent
geothermal hydrogeological units. Karst geothermal water is mainly SO,-Ca-Mg and SO,-Ca types and rich in contents
of F, Sr, Li, B, and SiO,. The oxygen and hydrogen isotope analysis indicates that karst geothermal water is of
meteoric origin, and the recharge area is located in the Daba mountainous area to the north of Tongluo mountain. The
elevation of deep geothermal water recharge is more than 1,100 m; the average annual temperature of the recharge area
is 9°C; the horizontal distance reaches 220 km. According to the SiO, geo-thermometer, the karst geothermal reservoir
temperature is 56-76 °C; the circulation depth of geothermal water is 2,013-3,030 m, and the karst geothermal water is
immature. Moreover, the dissolution of carbonate and evaporite and the mixing of cold groundwater are major hydro-
geochemical processes in the geothermal water circulation path, and the mixing ratio of cold groundwater is higher
than 0.8. Based on the results of geothermal geology, geothermal drilling, hydro-geochemistry, and environment
isotopes, the genesis mechanism of geothermal water in this area is summarized as follows, groundwater receives water
recharge from rainwater through karst depressions, sink, and pit of the Leikoupo and Jialingjiang formations in the
anticline core region, heated by geothermal gradient and hot rock during the deep circulation of the anticline wing.
During water circulation, major hydro-geochemical processes are water-rock interaction and thermal-cold water
mixing. After then, karst geothermal water occurs along the anticline axis and wing region in forms of hot springs and
geothermal wells. This study not only enriches the theory of the karst geothermal reservoirs system in the fold
mountainous areas of eastern Sichuan but also provides a scientific basis for the exploration and exploitation of deep

karst geothermal resources in this area.

Key words Tongluo mountain anticline, the structure of karst geothermal reservoir, geothermal water genesis,

hydrogeochemistry, Guang’an City
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