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1.1 BZAMIE R #h R R

F 5% DX AN T 5P b8 2 5 v i 1 D ) 1) e
B ARk I B, MR = FE 2 AE 1 000~1 500 m, M5 25
FEAMA WL I AEA AL, KL KR NE-
SW ] & A TR 5 X AL PH, S R K — B VLK R
BT KRB 43 KIS o BT IX S A S0 30T 1 2 KL
B, ZAEREERR 14~21 °C, [ERTR 1000~1 300 mm.

WF5E X kb 37 7 M e v e 2% (] 1), X3 1
TR U ERERHZ, SR RERMAER,
b b B H R TR LA SRR AR JE Ao 32, B
iR A NI R BHR . ERR. AKRE
BUONTRIREL SRR s B R SR T E AR
R R R FE ORI € R 5500 R A DL
™, #vE F R E S NE [ 8 NNE [ &4, hE
TR EeAs) | IR 527 ) AH IR HES I ) “Ok
il f A, Wi T A T R AR, B
NE-SW i), 3 SN [i] 847 (& 1b) .

1.2 b BR4SE

T X Ab 4 1 AR R R R E X, XN R LA
WA, JE I H MR R AR X T X
N 1l R K () 349 43 A 76 75 A2 38 1 W 2447 [
(4 1b, 1c), Kk 29~48 °C, ik 4~60 L-s o 15 Hb
I (to) . A FLHFIE (yo) | AL HB AT (gh) A4
FTKENEBRAR LS AARA, B2 NERR
THETAE4BRAD S, TRENRALR I
GibEIITEA . MR TS (B2 SRR IR
SR (yjq) . BRI SR (b)) FIARE IR (fx) 7% TR
Fi-L@Bl AR s a R/ E T, HSEER
AT HERIEA E R R T SR b

2 IRk RERNIK ST

YA RAEERTR] N 2022 4F 7 H 2—3 H . fEWFE

X PR T 6 14 b K FE S, H i IR L HOK B
3%, B M ROKAE 3 14, SR E WLl 1b, RAEZS
#r e 500 mL 3 20 BRI, IBORERS S FH 28 19 K i
Ve RABEH, J5 F R R AR b UK UL 3~4 k. SRAEERT
SRR AR A B TR 2T, B 2RI K R
FRAh IR IR RAE 3 KRR, — 0y F B E Il On A
444 HNO, B % pH /N T 2), — 15 T IS Filis,
— T EER RN . B KRR pH {A .
B RS R VA R, A IS B0 =, IR E— At K
FEKARAA Ry A AR 2R AT ZE RS I (R )
BHEAERA R SE M. K. Na', Ca’", Mg, Li. Sr %
FH R 55 85 1A R ST 1L (Avio 500 ICP-OES)
M E; F . Cl. NO; . SO; >k H B T 0 1% {¥ ( Dionex
ICS-1100) M 72 ; HCO;, CO; R H % &2 v& W & 5
H,Si0; & H 8 &1 7] UL 43 5606 BE 3 (SP-1920) 3
DSOKS BE T 5%, 7K Ak 2253 BT i) S 48R 67 38 FH
= fa e AR R A &R 5 NU prepective I %2 ,
30, 8D L5 R LIA XS F V-SMOW f T3 2= 7R, Tl
TR 2391 £0.1%o0 . £0.5%o0.

3 SWMER

3.1 HiFIKIKL ST

MK K A2 3 A 45 2R W2 1. DAY M A K
R pH ¥R T 7(7.30~7.95), 85 msitE Kk . S
ff I E AR (TDS) ¥R i 187.95~2 322.74 mg L', A8k
K, BIH K 877.87 mg-L ', ¥x) HbHUK Hh 3 A4 BH
BTN Ca’ Mg”, BIES 7 S0;, KL #2550 H SO,-
Ca-Mg AU ; & 72 Yl S AR A T 5 3ok v 32 2219 FH
B TR Ca” Mg”, BIE T R HCO;, KAk 2K Ry
HCO,-Ca-Mg #; H:E b UK H R EL A BHES T4 Na' |
Ca”', [ 7 N HCO;, /Kfk2#JH#1 k) HCO,-Na-Ca #l;
ALK B AYBHE o Ca®'L Na™, Mg™, BHE
T WHCO;, KAb2#25 %15 HCO,-Ca-Na-Mg B ; £h it
B Aok LB ES 74 Na', Ca™, BIE 4 CI',
SO, KAk2E2E A C1-SO,- Na-Ca BI(K] 2) .

A 25 o6 R Jy 1, Mo B K AR (Sr). I RE R
(H,Si0;) . i (F) . 1 (Li) 5% B 4l ok 82.81~12
488.14 mg-L ", 21.91~55.28 mg'L ™", 0.12~6.82 mg-L ",
0.39~130.00 mg-L'c B4~ B SR Ah, KB4 b oK
H1 Sr. Li. H,Si0,. F ¥ B 35 B4 & FHAN (B 09 ¥ 2 A
WEN T I HOK A Sr B > 10 mg L, ik El 4y
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Fig. 1 Geotectonic location (a: revised from reference [15]), hydrogeological map (b: revised from reference [3]), and simplified

hydrogeological section map (c) of the Zunyi area, north Guizhou
I'. Yangzi plate II. Jiangnan orogen Ill. Huaxia plate yjq. Yanjinqiao spring bj. Bajiao spring fx. Fengxiang spring

tc. Tanchang geothermal well yc. Petrosum geothermal well gh. Guihua geothermal well

ZHIKBIUE, AT oNERK . BREAER IR AN, HAy
HPOKEE SR Li W >5 mg-L ', 586 45 /K1
WREE, Wl 44 UK

WF 5T X b HOK B2 EZNH = (E o),
HEZET Y N A = A (CaMg(CO,),) , /b 7 it 41
(CaCoO;) | £ (CasS0,)"; W53 X MK Ca™ 5
Mg B K 4 59 1F M 56 v ( R=0.899, & 3a) ; 1E
Ca”'—HCO; it (& 3b) I, 58 MUK i (BRI
ERHAF AN TETE T H = A R G R 2 ) (&
3b) o LA BB AR 3R B X 8 HOK PR Cat Mg

HCO; FZOR IR T H = A 7 A7 I . 3 AR
AR T A K 4 ) Boh R SR Cat iy i, 7R
Ca”—HCO; FEIfit (& 3b) 38 T i AR 2 T,
RUH Ca BRI T Ha A A s, M
HAbORE . BFFE b HOK SO 5 Ca™ B i1 1F A1 56
PECE 3¢), RSO 5 Ca” HARF I X, 7] fE K I
THAHE (CaSO)H Wit (X 1),
£ : CaSO,-2H,0 = Ca* +SO> +2H,0 (1)
ABTYRET: OH oA O RXAERBL
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Table 1 Hydrochemical and isotopic analyses of geothermal water in the Zunyi area, north Guizhou
TR AR BARTRR R RIS I I ALt B AT PR it R
IG5 bj yiq tc yk gh fx
pH 7.63 7.38 7.30 7.83 7.95 7.43
F/mg-L™ 0.12 0.67 1.75 2.34 6.82 0.32
Cl'/mgL" 2.38 384.38 12.37 17.10 11.96 4.12
NO; /mg-L”! 3.06 2.87 - - 2.15 4.95
S02 /mg'L"' 21.13 301.60 1 449.01 75.72 23.19 50.86
HCO; /mg-L”’ 114.11 267.88 136.68 267.88 264.22 199.54
Na'/mg-L" 3.84 273.09 34.08 50.06 73.37 427
K'/mg-L™ 0.85 28.57 9.65 7.53 7.96 1.41
Mg /mg-L"™ 11.70 5.68 103.29 2242 9.16 24.10
Ca”/mg-L" 24.98 118.67 467.04 49.55 28.87 52.06
TDS/mg-L" 187.95 1 448.88 2322.74 514.77 439.66 353.19
H,Si0y/mgL" 21.91 55.28 37.65 44.92 47.08 27.81
Sr/ug-L™ 82.81 12 488.14 9 120.96 1225.69 1028.67 310.13
Li/ug-L" 0.39 66.70 44.80 130.00 85.80 5.73
8Dy smow/ %0 —49.97 —61.18 —61.74 —65.34 —=72.10 —50.98
8" Oy swow/%o -8.24 -9.37 -9.85 -9.94 ~11.03 -8.23

T COI R THMBR(S mg-L™) A i, R R TR,

Note: CO%’ is not listed because it is lower than the detection limit. The symbole

Ca* 80 60 40 80 CI

20 Na"HCO;20 40 60

B2 BSdbE X kK EE Piper Bl
Fig. 2 Piper diagram of geothermal water in the Zunyi area,

north Guizhou

— L DR 1 e Ry B —2F R B 5 i AH AR, Jr) 0 il B
DU B2, WA AL, HE . A UK h
FSO; Ml Ca” & m B AL, H SO FIRERIE T H =
EHAE YR s SR oK Brh SRS B
Ca”™", SO}, H:SO; Al 43 Ca” th ] REK IR T = 7+

—" means below the detection limit.
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B Na'. K'\ CUMHEREY . KA K a IR, A3
IR ERHEMF IR R0 Na' L K, CURRES i 0 )1 4
MR Na', K'\ CUly i K YA A S 801y . 1 1F % —
HAREWTZIBHAS T8 Na' K, CIi kK [ i R (15 72,
SRR UK H Na™, K, CU& S AXT AR
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SRR Z MRS 5 (22 1) BoR, PRI oK
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Fig. 3 Diagrams of Ca’-Mg”'(a). Ca*’-HCO; (b) and Ca”'- SO, (c) in geothermal water of the Zunyi area, north Guizhou
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Fig. 4 Plot of 8D and 8"°0 of geothermal water in the Zunyi
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Table 2 Recharge elevation and temperature of geothermal water in the Zunyi area, north Guizhou

y — . AR/ °C N
IR AR L EE % /m A E R/ m ARG) AR #E
PR Tk S 925 1383.8 8.7 7.7
5T I 849 - 6.8 5.4 837 m
EREHTR R 540 1391.2 6.9 6.1
FEAE bt 991 - 5.0 3.7 1282 m
BRI R 890 1310.0 8.9 7.7
AL AT 918 - 6.3 53 JF1 002 m

8.3 C(WARR). 5.8 COafLH#HI), a5t X 3
A IRAR 8~10 °C, HEME i T R A 45 1 X
WA v S =,

4.4 PAEEEME

2R, H A P K AR TR R A B b BGR AR
PHES Fibs . R ALREERR . R0 3 IR AR A AR
PRAECT, T B R B A R BGR AR SR, BT
Tl RN FE A« KA N R BIPEA DL R FROK (Z897)
[ KA p58 B 1 B b R K 2l T 3 AN AR, R
JH Giggenbach®™ 42 Hi iy Na-K-Mg =K (K] 5) % #F
FEIX M AR BE K~ B 2 5 -k AT T 0, 5
BERIHER] TR BUK X, HEEIT Mg £ 35 5, 221
T2 IX 1 i 3ROK A TR B K = IR A, 1T B2 Hh ik
K b T AR 7 B R K A KO TRA RS >,
PRI AN BB R FH FH 25 b A Ak 330 IR A A T

TR IR R ) PR R T AR A R ST A I R
JE 5 R B O B R A A BOK PR B . IR A
300 °C LA, F 7 K4k B 9 J T e B 4
PRREVE i BE B RE AR /NEY B 5T IX P b K B SR
I EAE 29~48 °C, HbHAKHE 4 S N B BE 0 ) JE A
I T AR AS(SI> 08 F # L F 0) (32 3, T
PHREEQC B4 o BRI mT LA — S AL R i
BT SRR AT i S A B T

i i A A ST AR B LR 4. T
53 XN Hb #AOK A SR DR YT 100 °C, TCZE R0
RAFHE, HIE AR (D AEH . A (8) EfEEbRIT

10K* 0.2 0.4 0.6 0.8 1000vVMg®*

B 5 i@ ik Na-K-Mg =
Fig. 5 Na-K-Mg triangular diagram of geothermal water in the

Zunyi area, north Guizhou
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S, A 24 8) Xk TR R A THRAE R
ZAAYERR(5) ., (6) FIEBERAR(8) ATTILL5 R AT
A, SRR IR R IR IR | R R
AL M AL S L AT B B IR 23] D 55~
60 C. 65~70 °C. 46~78 C. 64~95 C. 56~88 C 54~
86 Co AT B BRI L S B AL N DI S5 SR AR

45 RPKBELLHIHE
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®3 BB tXiHkhERHMAREIIELY (S/)

Table 3  Saturation indices of chalcedony and quartz of geothermal water in the Zunyi area, north Guizhou

il 1A PR (AR R A il R IR EENE I FEAE I HLAIE
TSI -0.05 -0.02 0.09 0.19 0.07 0.27
£13EST 0.37 0.37 0.48 0.57 043 0.69
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Table 4 Estimated geothermal reservoir temperature of geothermal water in the Zunyi area, north Guizhou
i ) i THEPGHR L/ C "
TR AFR IG5 K/ C - - - - - PHIRLEE/ °C
~(5) ~(6) ~(7) 2~(8)

AR TR IR bj 29 57.06 57.12 63.32 24.82 55~60

A il SR fx 36 66.29 65.99 71.21 34.01 65~70
IR M tc 38 78.47 77.96 81.78 46.53 46~78
L IR AR ¥iq 44 94.90 94.40 96.14 63.95 64~95
FEAE A gh 48 87.89 87.35 90.00 56.45 56~88
LA vk 48 85.87 85.33 88.24 54.31 54~86

T AR(5): ABEEAR-TCRIR B BUR A VR T(°C)=—42.198+0.288 31xS10,-3.668 610 *x(Si0,)+ 3.166 5 x107'x(Si0,)*+77.034x1g(Si0,);

ANR(6): ARIRR-TCZET T (0~250 °C) T(°C)=1309/[5.19-1g(Si0,)]-273.15;

AR(T): ARIRFR— TR ZEIIRIAEL00 C(0~250 °C) T(°C)=1522/[5.75-1g(Si0,)]-273.15;

(
ANR(8): EREIRFR—TCET S (0~250 °C)T(C)=1032/[4.69-1g(Si0,)]-273.15,
(

A HECHK[33], 27(6) (7) (8)HEICHK[34], T(C) W HMHIRIE, SiO Fymg L™,
Note: Formula (5): quartz temperature scale-steam free separation or migmatization T(°C)=—42.198+0.28831xSi0,~3.6686x10 *x(Si0,)*+3.1665x10 'x(Si0,)*+

77.034x 1g(Si0,);

Formula (6): quartz temperature scale-steam free loss (0-250 °C) T(“C)=1309/[5.19-1g(Si0,)]-273.15;
Formula (7): quartz temperature scale-maximum steam loss at 100 “C (0-250 °C) T(°C)=1522/[5.75-1g(Si0,)]-273.15;
Formula (8): Chalcedony temperature scale-steam free loss (0-250 °C) T(°C)=1032/[4.69-1g(Si0,)]-273.15.

Formula (5) is based on reference [33], formula (6), formula (7) and formula (8) are based on reference [34]; T(°C) is the reservoir temperature, and the unit of SiO,

ismg-L”".

B AR KRG T RetE . 2 I RERS TR G B AL AL 5
T IS M FRIK B 8 FROK L A5 FTAT) 46 DR AR OK TR EE
BB K TR G 5 TR i R0 b AR K P s i 1) — SRk ik
b T AR, s ROK TR AR b TR A R
K, SO . A A RE & S YRR, F 2551
POK L5 AR & i . R IR SRR T ]
TR R AR,

S X +Su(1-X) =8, (5)

Si05.X; + Si0,,(1 — X5) = SiO,, (6)
Ko S M F R IK I KS s S,— b HOK B A&KS; S —
Hi K BRI H5 5 Si0,,—IT Hb R R K B — AL kE & i
Si0,,—HuH K 1) A AR 1 f; Si0,—Hi K 1 —
SAARRE S 5 X, R X, 200 RS R SiO, B i YA K IR
Al

R 5T X 5 B AR b i X 48, M 2Bl LA
AR ALK 54 7% SRoK Gt i AL REAE (5.5
mg- L), BUGE (7047 I-g™", K 16.8 C) " R LT
¢ DX b V8 7K AR AR (RS L, AR 40 1 3
IKAEAR AR EE N ARG (. Ak & ™
— R X, X, fH, FRLH T REIEE (B 6) . 5%
B 9 X M EAOK 8 K IR A LB 769%~92% i %

Ui B A9 2 38 e Ak S TR A B ) B R B 150~177
C, W& Tl A R AR A PR, 5
Bl LI ek 285 SR B R AF, T e B T A ST H HOK
A LBAIK, VB FOKIR B2 A X B T 1 5 e K
ST, R EEAE TR T X b HOK S TR
ARG
4.6 P IKIEIREE
AR EIREE (H) 0] Lhadad F 5
T =T,
t
Ao T, A IGEIR B (C), B i AR H 3 i B i
FE(R 4)5 T, A E i S B, B 16.8 °C5 hy Ry 1H I A5
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Fig. 6 Silicon-enthalpy models for geothermal water in the Zunyi area, north Guizhou
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Fig. 7 Genesis model of geothermal water in the Zunyi area, north Guizhou

1. Permian-Triassic system 2. Ordovician-Silurian system 3. Loushanguan Formation of Middle-Upper Cambrian system 4. From Jindingshan Formation to

Niutitang Formation of Lower Cambrian 5. Dengying Formation of Middle Sinian 6. Doushantuo Formation-Nantuo Formation of Middle Sinian 7. limestone
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Hydrochemical characteristics and genesis of geothermal
water in the Zunyi area, north Guizhou

LUO Wei', YANG Shijiang’, PENG Jing', YUAN Yuyang', LI Shenghong', ZENG Xiangjian', ZHANG Xin'
(1. College of Engineering and Technology, Zunyi Normal University, Zunyi, Guizhou 563006, China; 2. The Third General Team of Non-ferrous
Metals and Nuclear Industry Geological Exploration Bureau of Guizhou, Zunyi, Guizhou 563000, China )

Abstract The Zunyi area in north Guizhou is located on the slope section transiting from the Yunnan-Guizhou
Plateau to the Sichuan Basin. This area is geotectonically situated on the southwestern margin of the Yangzi plate,
where Neoproterozoic strata to Cenozoic strata are exposed with the absence of Devonian and Cretaceous strata.
Tectonically, the "Jurassic folds", developed and distributed in the NE or NNE directions, consist of alternating
anticlinoria and synclinoria. Fracture structures are mostly distributed in the core of anticlines, spreading in the
NE-SW direction or near SN direction. The study area is at normal geothermal temperature gradient and within the
regional heat flow value. This area is rich in geothermal resources at low-medium temperature, and its hot springs
(wells) are distributed near the fracture zones of anticlines. The thermal reservoirs in this area are mainly composed of
dolomite of Cambrian Loushanguan Group and Sinian Dengying Formation.

Generally, the insufficient research and unknown causal mechanisms have restricted the rational development and
utilization of geothermal resources in this area. This study takes three hot springs and three geothermal wells
distributed in the Zunyi area as research objects. Combining the regional geothermal geological data with the analysis
of hydrochemical components and H-O isotope compositions of geothermal water, we explore the geothermal water
source, the water-rock reaction process, and the elevation and temperature of recharge, calculate the thermal storage
temperature, hot and cold water mixing ratio and thermal cycle depth, and summarize the genesis model of geothermal
water, so as to provide a basis for the exploration, development and utilization of geothermal water resources in this
area.

The results show that the temperature of geothermal water is 29-48 °C; the pH value is 7.30-7.95; the TDS is
187.95 —2,322.74 mg-L"', the 8D and 50 are —72.1 %o to —50.0 %o and —11.03 %o to —8.23 %o, respectively.
Hydrochemically, geothermal water falls into SO,-Ca-Mg, Cl-SO,-Na-Ca, HCO,-Ca-Mg, HCO;-Na-Ca and HCO;-
Ca-Na-Mg types, with main beneficial elements of Sr, Li, H,SiO, and F. Ca*’, Mg’ and HCO; in geothermal water
mainly come from the dissolution of dolomite and calcite. Ca® in the geothermal water of Yanjingiao and Tanchang
may be added from the dissolution of gypsum in gypsum-rich dolomite or gypsum-salt layers, in addition to Ca’" from
dissolution of dolomite and calcite.SO;™ ions mainly come from the dissolution of gypsum. Injections of ancient brines
in the saline basin of Sichuan led to the enrichment of Na', K" and CI  in the geothermal water of Yanjingiao. The H-O
stable isotope signature of the water samples indicates that the origin of geothermal water in the study area is
atmospheric precipitation recharge. Based on the elevation effect and temperature effect, the elevations of the recharge
areas of geothermal water are estimated to be 1,310.0-1,391.2 m, and the average annual temperatures range from 4.4 °C
to 8.3 °C. Comprehensive analyses indicate the recharge area is located in Dalou mountain in the central part of the
study area. Na-K-Mg triangular diagram shows that the geothermal water in the study area is the unmature water. The
reservoir temperatures are 53-95 C by the silica temperature scale, and the reservoir depths are 1,372-2,633 m. The
percentages of cold water mixing with geothermal water estimated by the silica-enthalpy model are 76%—92%.

Groundwater in the Dalou mountain area is replenished by atmospheric precipitation infiltration, and seeps into
the thermal reservoir of Cambrian and Sinian dolomite along the exposed area of Permian-Triassic carbonate bedrock
or tectonic fracture zones. Then, under the influence of geothermal gradients, groundwater absorbs heat and increases

temperature, forming geothermal water. While becoming warming by increasing temperature, groundwater carrying
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CO, reacts with dolomite (mainly composed of dolomite with a small amount of calcite, gypsum, and other minerals)
within the thermal reservoir to form geothermal water rich in Ca™, Mg2+, HCO;, and SO; ™. In the Renhuai area,
groundwater reacts with gypsum-salt beds of the Dengying Formation and gypsum-rich dolomite rocks of the
Loushanguan Group to form geothermal water with high and moderate concentrations of Ca’" and SO; within the
respective thermal reservoirs. Under the action of head pressure, geothermal water is transported along the karst pores,
caves or tectonic fissures in the thermal reservoir. Some of the geothermal water is channeled to the surface by NE-SW
oriented water-blocking fractures, and is exposed to form natural hot springs at low temperature. Due to the
encirclement of the upper overburden (clastic rock), part of the geothermal water gathers in the deep carbonate thermal
reservoir to form a pressurized geothermal water reservoir (anticlinal core), which is drilled by human, and geothermal

wells come into being.

Key words geothermal water, hydrochemistry, H-O isotope, the Zunyi area, north Guizhou
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