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Li Z, Zhou X, Fang B, Shen Y, Xu Y Q, Chen B H, Ta M M, Sui LL A. Chemical characteristics and evolutionary mechanism of

hot spring water in Dabie Mountain area, Anhui Province. Geological Bulletin of China, 2025, 44(1): 158—172

Abstract: [Objective] The analysis and summary of the hydrochemical characteristics and evolution mechanism of the tectonically
controlled hot springs in Dabie Mountain area, Anhui Province, is conducive to deepen the understanding of water—rock interaction
under the unique geological background (orogenic silicic rocks), and can provide scientific basis for geothermal exploration and
rational development and utilization in Dabie Mountain area. [Methods] Based on the analysis of the basic characteristics of the
chemical components of the hot spring in the study area, the water—rock interaction of the hot spring in the study area is studied by
comprehensive use of Gibbs map, rock weathering map, ion ratio coefficient and mineral stability field map. In addition, the reverse
hydrogeochemical simulation work was carried out with the help of PHREEQC software to quantitatively analyze the dissolution and
precipitation of major minerals during the geothermal water cycle. [Results] (D The hydrochemical types of the five hot springs in
Dabie Mountain are mainly SO,~Na and SO,-HCO;—Na, all of which are moderate—low temperature and weak alkaline hot springs;
@ Eu values in hot springs in the study area show obvious positive anomalies, with light rare earth elements relatively abundant,
medium rare earth elements second, and heavy rare earth elements relatively lacking; (& The chemical composition of hot spring water
in the study area is mainly affected by rock weathering. Na* mainly comes from the leaching of silicate rocks (such as albite and sodium
montmorillonite), and Ca’* comes from the leaching of carbonate rocks and gypsum. The content of SO,* is mainly affected by the
dissolution of gypsum. The content of HCO,™ is mainly affected by the dissolution of silicate rocks and carbonate rocks. (@ The
water—rock interaction on the path of rainwater—deep circulation underground hot water is the dissolution of albite, anorthite, fluorite,
gypsum, biotite , and CO,, and the precipitation of sodium montmorillonite, calcite , and dolomite, and the cation alternating adsorption
of Ca® replacing Na' occurs. [Conclusions] The path from rainwater to underground hot water belongs to the groundwater depth cycle.
The complex lithology and structure of deep strata easily hinder groundwater runoff, slowing down groundwater velocity, and thus
promote sufficient water—rock interaction in groundwater, completing the transformation of HCO,—Ca rainwater into SO,-HCO,—Na
and SO,—Na weakly alkaline hot springs.

Key words: hot spring water; hydrochemistry; rare earth element; reverse hydrogeochemical simulation; water-rock interaction; Dabie
Mountain area

Highlights: (1)The water-rock interaction and the main material sources during the deep cycle of hot spring were analyzed by using
Gibbs diagram, rock weathering diagram, silicic acid balance diagram and ion proportion coefficient. (2) PHREEQC software was used
to conduct hydrochemical simulation, and the water—rock interaction and the migration and enrichment of hydrochemical components

in the hot springs formed by deep circulation in the study area were quantitatively analyzed.
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KT 28.5°C WIRFA 134, HiHEGLA 28 1. Hb
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IKEZGHAIEBEFENZEH S A . Rosenthal et
al.(1998) 7EAFSE Kurnub Group T /KA b Ak 27 1 Ak 3t
e, #FH NETPATH 1 PHREEQC BB 5E T /K-
A EAE AR A R, A SR 5 WS B 0) a A
W YIAHAEb—% ., Uliana et al.(2001) # /] PHREEQC
BRPFB R T e BTN SRR SN 5 el R ) f A D
IR B WiHLH . Bretzler et al.(2011) VAR ZEMK LT
TR R XT S, FIFH NETPATH HiER{L 2454
HE— 25 B UE T O PRI AR TR 0 W T 7K AR
W ERA M . SRk IS (2002) ATTHLARE | 1A
WFFE X, R K AL 2A A 7 T IR 2 At R K o o
Sy 52 AR TR, T A L DX VR 2 B YR K T A i
b F %% Ca—Na MHE FMAEREN . F22%H
TR FH AR AR AR 552 7 V8 X6 i PR A S 3 g X s
OB bW AGRRIE K -5 A0 AR AT T R4t
%%. Michard et al.(1983) f ol FH s T 7K Ak A5 4
A T PR I IE TR BE, J5 R i Reed A [F]
H (Reed et al., 1984; Palandri et al., 2001 )$#53X N7k
Jof BN A A bR G . 1T /KA 2A 4Ll R 7T
DU TR BRI At koK Ak 22 R e vk i A vp
Bk - A8 B AER (Auqué et al., 2009; Ta et al., 2020) .
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R B L b . RIS, L[] 23 A — 2 AH
X2 1) Fr i Uy B SRl () /INFRU L ) A, 32 X35
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5T XA i AR T sl b &5 Fds 1 ARt
JEIE R R L i Ll A8 . XN 3 4 X TR K
W R Z AT BUARE RS B R AR W SR 2 A o IX
IR TEAS IR (] 1) o BRI A B sc A L
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Fig. 1 Simplified geologic map of the Dabie Mountain area in Anhui
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R FNYTHE (Parkhurst et al., 1999) . BT Ho il & %k
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2555 2012) .
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TF 5% DX 3 5% B RN 7K R SRAE AR 8 K Ak 2 B A 5]
T, M ATAL LRFTR 5 AR RAKFE S,
pH iR 7.8~8.8, V- I{E N 8.26, F 5508 PE, W5
DX 3k AR IR R, TR Rl 40~64°C . TDS 4
T 253~1518 mg/L. Eh #/hT 0,/ T—160~—80
mV 2 [A], 2SI I R K R R
3.1 EEADHIE

KL R A PHES 1 Na® EZ R, Hik
Sy Ca®'; Hirh Na By (N 55.2~321 mg/L., K4
SR B B 7 SO, i R #, Hik o HCO,;
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Table 1 Chemical composition of hot spring water in Dabie Mountain, Anhui Province
il L&D AH2 AH6 AH7 AHI11 AH12 AHYSI

K* mg/L 5 1.72 3.32 13.7 7.75 2.41
Na* mg/L 113 55.2 100 321 294 0.96
Ca* mg/L 20.6 5.63 16.1 44.2 163 14.6
Mg?* mg/L 1.31 0.03 0.03 0.03 0.03 0.37
Fe mg/L 0.19 0.06 0.03 0.05 0.06 0.05
HCO, mg/L 94.8 50.2 19.5 58.7 9.48 434

Co,™ mg/L 2.72 12.6 8.71 432 4.17 0
cr mg/L 4.61 6.24 4.03 489 49.3 0.76
SO,* mg/L 188 44.6 192 645 913 4.47

F mg/L 5.56 3.38 6.5 8.02 3.86 0.1
NO; mg/L 0.04 496 0.04 0.04 0.04 0.04

TDS mg/L 411 253 46 1172 1518 79
IREERR mg/L 72.73 90.26 71.26 93.02 92.16 8.45
iFECo, mg/L 0.66 0.09
S mg/L 56.83 14.06 40.2 110 407 37.96
Li pg/L 104 20.9 69.7 255 181 0.73

Sr pg/L 706 118 543 2238 5659 168
Zn pg/L 149 31.4 3.69 12.5 39.1 34.1
Ba pg/L 372 2.99 229 33.8 37.7 37.8
Cr pg/L 3.76 1.87 1.22 2.6 1.05 2.03
Mn pg/L 1.17 0.69 0.18 14.8 9.26 13.4
Ni pg/L 1.34 1.11 1.02 2.48 9.57 127

\% pg/L 0.43 4.1 0.1 0.86 0.75 0.4
Eh mV -109 -80 -147 -152 -160 169
B m 80 408 120 40 100 408
T C 46.3 51 40 61.3 64 30.6

pH 7.8 8.8 8.8 8 7.9 7.8

TRAREEZSHY SO,-HCO,—Na SO, HCO,~Na SO,~Na SO,~Na SO,~Na HCO,—Ca

F S0, Na M PHE F 2 5 it | 4 L P
79.08%. SO, MBI E T2 w i A 43 L IME A
73.87% (1l 2) . #RHEEF R 55280k (iR ARLEE,
2018), B E AFFE X AR K B2 AL 325 SO,-HCO,—
Na AI(AH2, AH6) Fil SO,~Na I (AH7, AHI1,
AHI12), Mi7KFER HCO,~Ca Y,
32 METERHE

ARYRAE SRS T 46 TR TR IEIR, &
WM EESA Br. 1, F, Ba, Li, Sr. W, Rb,
Zn(F 1) BRZRMBE R (AHG6) Fb, HAl i R AR T
Sr JGE & w1 E A KRR SR K bR iE(0.20
mg/L) (A A RS ] [ 52 0 5k W B A 0 A 928 50 )
452016), i S ATA 5.659 mg/L, WERHSRK; R

SRR R AERR &5 R 71.26~93.02 mg/L, 155
TR RIRG K AR E (25 mg/L) FIBRST 0 S5 K bR v
(50 mg/L) (Hh A A RN DA #R45, 2018) . F &
AL TGN 3.38~8.02 mg/L, & f R A AR iR ik
FHZK BAERRHE (1T mg/L) (A AR IR E T A,
2006), FRARFFE DR SR 0] B IR -
33 WL ITEHE

U Ak, T8 A X 0T R BRI 2E R (B
8 22 TC R B AR T 43 A1 K HIE 10 7R K - A EAE T
Hb R KR R RN 265 AR 1 AR SR I S K SCHb IR fh A
RN SRS, Z 2] T 24510 12 6

5% X LR T B 10K (YREE) & s 8463
4 0.018~0.077 pg/L, HiHs 0K (X La—Nd)
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Fig. 2 Piper map of hot springs in Dabie Mountain, Anhui Province

B AL 0.018~0.81 pg/L, H s+t &
(XSm-Ho) 5 0.01~0.023 pg/L, i+t &
(YEr-Lu) 4 0.004 pg/L. &l 3 Jizs, BF5E KR IR 1Y
B EmR TR EANT =ME N, mTLA

1.00 B AH2
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Fig.3 Triangle diagram of contents of light, medium and

heavy rare earth elements in hot springs in the study area

B R DX SR TR T AR E L, T
JUEHIR, G LT R .

FFHAL2E TUA (NASC) 2H /3 bR ifi i (Haskin et al.,
1968 ) Xk 5% Hh s 50 R 647 B A B - 22 w1 e SR
i H e R (B 4) o & 4 R T KA X
TR TR SR AL E R, B Bu MBI R
MIE S . A2 EH AR AT Y (FIna | 55
K) & Mam h l LH WA s Eu 4 (X6 36,
2018) o WOHEIMIBEFE X )12 40 A7 ) I 2 FVAR i
TR 28 0 AR e L R T e R R
BER Bu IE S I

4 i w

4.1 KUEFBEEDH
4.1.1 HTFRACEF L5 69T AR

Gibbs & AT FH TR M KR8 3R 8 i 7K -
AAHEAEH (Rajmohan et al., 2004; T B A2 5,
2022). WA 5 FroR, Gibbs KIEIALFR A TDS e
{ELBIXIEL, fEARBR A CTACI+HCO; ) 2 Na'/(Na'+Ca’")
1) B R B LR A
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WNE 5-a B, B AH12 Ab, HoAthil SR Sk FERY Na'/
(Na'™+Ca™) {H AT 0.5, R 1L Hb  HOKLEDE IR
bR AT BEAEALE B BT3B WA T (Gibbs, 1970) .
&l 5-b SR, BFSE X BRI SR B AR AL
(ZR ¥t =) A AH12 (P 73038 5% ) 4, K AR A T
Gibbs EIRYZEM, FRAE T 5L DX HE T oK 7k 4k 27
oy FEAZ A KAVE R

Gaillardet et al.(1999) Fi| FAE R XT b T 7K A9 7K
FAHEAE ST T 404k, L Na frifEfb i) Ca 5
HCO, 114 B 7R Eu ) A 8 22 XA A (i R R KL
b BT ER AL KA ER VA ) X 1R 7K A2 53 4 AR
Yotk . Wl 6 Ui, WFY X IR KRR A T
i £ KU X ORI R V6 A XA, 4B 7R 1 M R #Rok 7E

1073
—=— AH2
—e— AH6
4 —— AH7
o BENHE!
——
]
Hg’ 105 ¢
#K
A
=
o2 10°¢
3
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108

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Kl 4 DX R A TR B A
Fig. 4 Distribution pattern of rare earth elements in hot

springs in the study area
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SEPEAERS A X, Sio, SRR T A9
FIEL, T A8 23R A AR AR, I 5T X LR
IKAENE I FE AR KA 280 D i AR 4 SR R ™
AR AT Y E 20 5055 (W Na*, HCO; 55),
JrREANE 2 iR
412 BT s R

R AR, M T K B AW 1T
Yy SR RE R 0 A8 40, I I 28 ) b J2 5 M HL 4l o
FEA I (JHI14E, 2017) . I, #F ke 14
O35 v 2 i AR 22 S Pk SR e T T R Ak T
IRAEFR IS AR R KA 2E T AL

(Ca>*+Mg*") 5 (HCO, +S0,>) ZIHhy 2 v Y&
FEAB AT DLAE 7R Ca? " Fil Mg il 32 B R 8 ( F vk 4%,
2023; RAF,2023) . HHIE 8—a AIHI, B SA T
1 s 1R T, BN SO 25 Mk B i i,
1M Ca™ Al Mg AHXT & S 81K, Ui BRI DX SR 7K
Ca> Fll Mg £ BURIE T REFRR R FIBRBR L 0™ ) (Vs i
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Fig. 5 Gibbs diagrams of hot springs in the study area
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Fig. 6 Relationship between HCO, /Na‘and Ca*"/Na”
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Table 2 Dissolution reaction equation of minerals
i U] ez,
A 7NaAlSi,0,+6H+20H,0=3Na, 5,Al, ;;Si; ;O,,(OH), ($I5ZI 7 ) +6Na'+10Si(OH),
2 A CaALSi,0,+2H,CO,+H,0=Ca**+2HCO, +ALSi,O4(OH), (& I4 77)
3 WA 3Na, 1Al 3351, 70 ,(OH),+30H,0+60H =Na*+7A1(OH), +11H,Si0,
4 I CaS0,-2H,0=Ca*+2S0,>
5 D7 CaCO,+H"=Ca*+HCO,
6 H=fA CaMg(CO,),+2H"=Ca*+Mg*+2HCO,"
7 A CaF,=Ca>*+2F
8 BB KMg,AlSi,0,,(OH),+6H +4H,0= K" +3Mg*"+Al(OH), +3H,Si0,
9 COo, CO,(g)+H,0=H,C0;(aq); H,CO,=H'+HCO,"
Ca”*+2NaX=2Na"+CaX,
10 Na'/Ca?"

2Na'+CaX,=2NaX+Ca**
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2 A 2 5 Y VR T 22 18] AR R AT 1Y TE ARG
KA, R iKF] 0.95, £ Na"EZORIETRERRELT 1)
(CUNERI A RN SE ) B AR, /D i Na ORI T A
EINEAS N
(Na™—Cl)/((Ca*+Mg*")—(SO,> +HCO,)) I L1
KF A LA W BH B 558 W B (Fisher et al., 1997),
1 /& 9-a fF7R, (Na'—Cl)/((Ca> +Mg>)—(SO,> +HCO, )
FIL U A SR OGP, R R 0,995, BERIEIE -1
E Na' iz EIHEOL T, Ca'5 Mg &2
R A, T Na™—CI gt AL Na & i i ARk
Syt — 2SS I SR BH B AR R MR & R
Y5 Al RIS, AR S0 | NG5 £k (CAD) (Schoeller,
1965; Fisher et al., 1997) (/A3 (1), (2)). 41Kl 9-
b AR, K RESL CAI-1 FI CAI-2 /8T 0,
WFFE I HL T K i Ca®t, Mg? S5 A g Nat, K&
AT EFACHAEN . AN, CAT FTHEN FH 38 B4
FHARFE B A AR s Ha b, HAB BN, RAEBH B 7588
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Fig. 8 Relationship between the rate of the main ions
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s ST AR ATEEG 4P IR, K o8
e

FIH PHREEQC A B4l 35 45 A 9 X A1
A8 WA BRIRan) SIE. BR P AR
SIEA T-8.07~6.51 Z[ul; A B 1y SI{E/NT-2.84~
—0.6 Z[al; A F Y STEA T-2.9~-0.55 Z [a]; J7fi
LT STEA T—0.35~0.13 Z i), XFEIRENH T
FROKFE S v 10 LA B S AR AR, (R A3 i 1)
TR RS T RRAS o RIS AR SO T B 450,
2] B Y I R HE B R T e R A
(E10). WA 10-a fioR, SICAE) 5 (Na™+Cl1)
HEIEMIEEER, R* 2 0.986, 20 Na fil Cl Ak E 2
AR EE R W 10-b FR, SICHE) 5
Ca™+SO,” HAMRAF 1A, R* R 0.877, RIALENT
8 X T UK oA B R R & Ca® Fl SO, Y %
KU W 10— s, A B FFEES Ca®+S0,>”
IR, R 4 0.909, FIAREAH 1% st Ca®
1 SO, 7 WA & A2 i/ FH o
422 ARINFEIEF T G A AR 0 A T

AL A28 114) 35 BCBE S L A R 8 A 7 ] — /K
BEAR LA RN, JLRGA B R KRN L AR HE
AP, 20REE(2022) 3T A7 B AFAE S Hr X kK
591 Ly DX 3 S 1 1 B 45 5 R 0 R A S R AT T A
€, PRSI L DXL SR b 265 D0 15 A AR K K3

L XSRS R A REK A B IR G, RG4S
INHAIEAEK S 20K 8 T g R (& 1),
I, ARSI B 3 SRl B AR, A KA R T
JKEE AHY ST, 25K FEN 3 AR 5 (AH2 . AH6,
AH7).

AT REA AR 1 18 B BARIE AT K AL 0BT L
AT YERE | TR TRFESE (Yang et al., 2018) .
T DX I SR K A2 41 A F2 2832 25 A AR PE FH Y
S, TSR K Ca?* BRI FIRFR L0 WA A F
(IR UE, Na* EZORIE T REFRER ) (IR A L B0 5E
A5 A IR, SO 1Y & it 232 B A B IR R 5%
i, HCO, & 2L AZ REFR R 0 W) AR FRER 0 Wi 0
YE R 52 5 [ B 28 fE 8 F 5% XA 1 DA ol AR s
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Table 3 Dissolution-precipitation amount of possible mineral phases in each path mmol/L
——_— e B 1 BT AR
AHYS1-AH2 AHYS1-AH6 AHYSI-AH7
A NaAlSi;Oq 0.894 1.726 2.871
A CaAl,Si,0 0.5924 1.371 3.007
A 3Nay;,Al, 43Si; ,0,,(OH), -0.9206 -1.91 -3.824
Jr g CaCo, -0.3552 -1.729 -3.836
H=fA CaMg(CO,), -0.16 0.0389 -0.09606
AT CaF, 0.1438 0.0864 0.1686
ey CaS0,:2H,0 1.95 0.4875 1.974
B K(Mg,Fe),AlSi,0,,(F,0H), 0.0663 -0.01764 0.027
CO,(2) Co, 1.595 1.937 3.514
Na*/Ca?" 4.028 0.9418 2.347

1 IEHZFOR AR Ca B HNagE AJK Y, FUEFRITTE S Na B #Catk AJK H; COL(2)FeR CO, LI SRFI S 5K Ak 24 v

SEAR AR B S VR BE AR R R A, Ho, TR
JE 1 30°C 15 40~64°C; TDS B 79 mg/L B3
253~1518 mg/L; pH fH 1 7.8 4 /Mm% 7.8~9.1; Eh {H.
169 F&IK = —160~—65, SFFAR#H

N E#E T (AHYS1-AH2) |, K422 80
HCO,—Ca %34k} SO,-HCO,—Na %, #i F /K h &
R FEOK-AEHAMEKA . BKA. E5A. A,
BRI CO, KA Tl RN o B ) BV idf 12t 53 3)
7 0.894 mmol/L. 0.5924 mmol/L. 0.1438 mmol/L.
1.95 mmol/L. 0.0663 mmol/L F1 1.595 mmol/L; ifij4H
SWiA . A ME s A R EVE. 7 YRDIE R
435124 0.9206 mmol/L ., 0.3552 mmol/L A1 0.16
mmol/L; [AlAf s~ 7K P& 4R T Ca* B Na By BHES
TR AR

0 T (AHYS1-AH6) |, KAk iy
HCO,—Ca #3#4k >~ HCO,-SO,~Na B, #i F sk %
A FEOR-AERAMKA . B5KA. Asfa . 5%
A, AFMCO, KA. Wit mnlh 1.726
mmol/L. 1.371 mmol/L., 0.0389 mmol/L. 0.0864
mmol/L. 0.4875 mmol/L #1 1.937 mmol/L; 452 it
. RO RMBR AR R A TIE . T YR TTTE 253
4 1.91 mmol/L. 1.729 mmol/L #1 0.01764 mmol/L;
WEAT Ca B Na™ it B 158 W B

AR T (AHYS1-AH7) b, KAL27 25780
HCO,—Ca Rkl SO,~Na B, KA FEK-5
TERH KA. BKA.EA. AF. Btk

CO, R WY ff 554 2.871 mmol/L.
3.007 mmol/L. 0.1686 mmol/L. 1.974 mmol/L. 0.027
mmol/L F1 3.514 mmol/L; $NZ2 i1 . it . Hafl
RAVUTE . B PR TITE i 53 %0 3.824 mmol/L .,
3.836 mmol/L. 0.09606 mmol/L; tt4k, i & T Ca?*
R Na' 1 BH RS 2388 W R

FA L X SR R K AB IR G, 21K
PEIINAAFF ALK S 223K 8 T T+ 8 3k (2R 4E,
2022) (E1 1), LA 3 ZR B AR S S 1 43 A ml
A1, TNK BRI T BOK B AR R A K -A A B
YEF—30. Hb R KAEIZ M BGPTSR, I AR
FETR, GRS )2 1t RS AR X S 2%, 5 ) LA i
IR, A M K I U 7, AR A B A Al A S T
W B3R 47, A B AR ) 2R NS A, 5
A B Je AR PR AT E, T T /K b Na™ & i i 3
IR BRI TR 2 A, HAETE
HJGEEXT SO, AT IHFEMPLYE, YEm 2 22 it
PO E LRI SO, (i H B A oK =2 1 ]
B BRI AR oA R IERR R iR
AIR BN AN KA TTVE, P EUR K Ca> il Mg™
TR LR, H R R Ik, HiEoKTE
TEA LR P RS CO, /4 H . (HEK K
A1 VS A (18 A 4 S5V fife 00 1A B BOIH FE L 2 1Y
HY, Fr LA K- #oK H pH (E 3 K 4E B ARk
SR T H HCO;—Ca USS i8I M 7K 7] SO, HCO,—Na
RIFT SO,~Na US54 I 5% 1 Ak
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(1) FIMILIX 5 A SR H 58 R EE L Ry 46.0~
64.0°C, pH JE N 7.6~9.1, 245 g v {E 1 55 Bk i 2 5
TDS @}y 253~1518 mg/L, Hi TDS % nl 15
F R SR (AHTL) F1VE 3t 5% (AH12), 43 5]
1172 mg/L 1 1518 mg/L. iSRRI E AL
SO,—Na AU F SO,-HCO,—Na %Ik 3=,

(2)WF5% DX SR HP s e A & 4, P
JCEHWK, T RMRTERZ . Ak, B TR
SR R B, KB DR R R e R 1) Bu BUE
B SR, A EE SIS X ) A6 R R
FIAR [ AR A 25 W O XA T A A O o

(3)WFFE X SRk K AL 2 2 43 £ B % 4 A R
g . SRk Ca® HZORIE TR WA A
FREIE, sk I T RERR I Y 08 Hh R oK
Na" FZERIE TR X 12 704 i RERRER ™1 (andh
KA BASEMA 45 BIIE; SO, Mo FE 23 A
BRI, HCO, & i F 2 Z i RER 0 Y AR TR
EN R Y/MaS RN AT

(4)F7K 2 HOKB S #E T (AHYS1-AH2,
AHYS1-AH6. AHYS1-AH7) & 7K -5 A HAEH
JEIE A B AL A A BRaRE COo, M
fift AN T A = A TOE, &4 T Ca
B Na' 0y B s W . Herr, ’EZK-TR R
FENR A Y A SR A I AT ) R S A

Bt RAMARA AL L BEERFL T TR
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