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Abstract

In order to deeply understand and master the hydrochemical composition and its controlling fac-
tors of the limestone water in the Taiyuan Formation of Qingdong Coal Mine in Huaibei, this paper
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collected data from 20 water samples of the limestone water in the Taiyuan Formation of Qingdong
Coal Mine. Through statistical analysis, Piper trilinear diagrams, Gibbs diagrams, and ion analysis
methods, the hydrochemical characteristics and water-rock interactions in the study area were
comprehensively analyzed. The results show that the main cations in the water samples of the Tai-
yuan Formation are sodium ions and calcium ions, and the main anions are sulfate ions and chloride
ions. The water body is weakly alkaline brackish water. The Piper trilinear diagram indicates that
the hydrochemical type is mainly Ca:Na + K-SO4-Cl type. The ion analysis method and Gibbs diagram
show that the ion sources in the study area are related to processes, such as rock salt dissolution,
sulfate rock dissolution, carbonate rock dissolution, and silicate rock weathering. The evaporation
and concentration effect has the most significant impact on the study area. The research results
provide guidance for the rational mining of the mine and other work.
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1. 5|15

P 7K 4k 2 73 R A R AKARTEAS R RO R IR I R b 5 B L A B (R KOS BB A AR
TEBNEE) KA BAE S5 R[] IR, BoR TR SRR, 58U RIR B BE 2 38, i Rk
IR RRFOKF KR B o TR)Z—, G0 A= ke Egm[2] [3]. B K3E
BRIV T AR AN A = i R @ B & Mot T KA, X LKA S A KRB &Y, EnT ek
HeJE RIS Y, R LA IR BB BT o I RHEER /KA 22 R AE A 7K 5T R0 2R Gt
Jt, ARTEREH T KK ZERHE SK BT AR 77, DR R B SRR A R /K 8208, 2k
PRI S KK [4]. IR G B ARG BRI, SR OKAM ] DR B gk, b ReR b = 5t
FIZK BRI, T AR ROy AT K, S B I E AR o

E AR 2B U AR S T R 3, R AR N AK B VP VS G BE S5 5 T . R R TR TS
G UEAK I F AP TRAL PR AR TG T EUS T AP, B N KA AT RS IR D), R &
M 5SS G, VF2 0 RR Ty B T SEBR 7K SRS BAIA S O3 TR .

AT, ST R AGKB PN 77 R B 7t 2 2% B 4R E0% . BORIZR G VPNIE . ot R (B 5G|
WHE D SEA fa BUERUK A G A VEINTESE[S] [6], JETHE[7ISERE T 7T N T ¥R JE Hh R AR AL 2R E A
AR, pH HZ FECOZH X N KK BT 45 REE ) F L N, R KK R 2N
Ca?*Na*- HCO; . Ca?*- HCO; . Ca’:Mg?-HCO; . Ca?*:Na*- HCO; -Cl- 4 A 1 B[8] S FU i
B R A HBEKASERRIE A TR, R Nat+ KY S CIE B m RIEM S, Catly Mo* 25
A A 7K A Nar 2 ZRUR T 25 Eh A A AN Eh A A, CI R BRIV T 5 BRI AR o X7 [958 5% 1 M T
WX R AR B AT S, A5 H e I T X S K E B2 TR 3h . WERR RV Al AL, IR 280k
WA B E LR . X T FCH ROKDEIR . KB IPAG LA R A A B B S

A g @ HEI LA R R IR S KRG 00, SR 2 G i i, Wt
TN IX KA 2 2 3 AR A WA E F R A B R 2R o A AR I 7KK IR 0 0 B (S mT S AR s,
A XOKERG . 2T R KRR S %
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2.1. ARXIEER
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Figure 1. Traffic location map
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22. RERSLE

IRSCREEE RN RIFH I /KIKFE 20 4, KFEEUE T8 R I L KR ICE B K BB EOK
Bifl, 0 IRIORE, BAEMERIERT, PHME, SUEFE, I Na®+ K. Ca?". Mg*'. Fe**. Fe**. NH,. CI.
SO« HCO; %55 FIR RIS . REUKFE, 24350 FEHECARNE pH (541 TDS 1, FERCRER, T
24h WIEE I, PRS0 = AR H AR % B IR EE . HCO, TSR I BR BT 7~ 713 & V250 7€ [10] . A%
SCR B GEEA Piper =ZR BT 8 K)E R BB T RIKMERHE, FIH Gibbs B BT LLEE T
MR R

RARE ST, FRATH 2 RAE AU S REEREAT T =008 8E,  RAERT B AR K FEX R AT T =
e, AR pH. Eh SIS SR, FEMCRETEHEIFER G, MR, HIRIE 24 N A EA]
125 28 22 FUE R FE M 5 JR) B = SR B AT It

3. &R 57He
3.1. WERESHT
S 7T X3 P K A K KK RE R S B 7 pH {EAT TDS BTS00, 4R W3 1 FTsl.

Table 1. Statistical analysis of Qingdong coal mine

® 1 BRET SIS

giitmH  Nat+K* Ca?* Mg?* cl- Sor HCO, TDS pH
mg/l

ICUN 566.04 553.18 192.99 282.98 2063.76 320.96 3644.73 9.17

B/ 0.42 0.41 0.35 0.32 0.37 0.12 557.88 7.13

P 289.73 265.58 107.06 165.57 1151.19 209.61 2601.47 7.93

i 2 180.2 170.6 66.38 102.05 684.97 105.95 777.61 0.43

A R AL 0.62 0.64 0.62 0.62 0.6 0.51 0.30 0.06

T ARB RIE KA KK Z S HI G AR W% 1o KFE pH 5K 9.17, e/ 7.13, “FIY7E
7.93, KUEEATIHIE. B g TDS {4 557.88~3644.73 mg/l, “F-HI7E 2601.47 mg/l, TDS fEE K, KAK)H &
72y FRBOK o KA FH B IR FE R BI/MKICH: Nat > Ca?' > Mg, ~FH1 BE 43 il & 339.98. 301.94.
120.31 mg/l. KA FHES TR i K EIMK RN SOZ > CIF > HCO; , Pk 4 52 1377.93 mg/l.
261.23 mg/l. 207.43 mg/l. MRHE LR ELET T, BT IX KARPH B F 2 & Nat. Ca?* B +. IHEFE
TS0\ CIE 1. MeAh, M3 1Al LLE H &5 7R R BN T 1), Bz KA K53
TE R TRERE, IMBEZANZH X RN, NS BT RUSRHAE 8T, BEARX
KIEA IR A K RIS AL ) Na-Ca-SO4-Cl BUKAL 2R, wik BE SO (i ik 74.6%) AT REVR H 41 7
(CaSO4-2H0) A il KA WA /E R, T Nat i) & 2 5 RE IR 3h 2 Ik S BH B 748 5 W A FH 25 DD AH
Ko TDS EHZ M /A Bon ™ X PEALE B s TR FE 0, T Re 5 8 /K E R A 2 7 3 8 i e s B2 AN [R]
Ko BEMAKMFEAB(E R R CV <0.3) /R 1% /KRG T A X AMKS) J1 %445, K- AMHEAE
HESEFAEB. KPR s TR R A B R, TAER A KB h A5 e

3.2. kER{ER
Piper =2 &l sy R 7K 32 3 5 1 BOARDR & B S — KA SRR AL, W SR BT KA 27 i 2 RO A AR
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[11]. ¥ Piper —ZRERIZEEAr B 9 NI, TETEZZTEAN R X SR K FE A A R IS ARE . RIERH KA
JKIKFE Piper 2RI 2 Fion . RJRAIK A KBHE PR B2 Ca2*y Nat+ K &1, FEAfE LS
Xik, MERETATHESRET. HEFIREEERLSOY , FENAME 4 5 XK, (54axtih % H o
BRI KT 39t . FARHE 7 K2 & F7E Ca? + Na* + K*. SO; . ClI, FEHNMGLE 6 T XI, Z%XIRAEm
FRELEATLE > 50%. FHAL2EEAE Ca-Na + K-SO4-Cl B, HiZ3hIX pH fidh, Fr bS5 o Fa
TEo KIFAIKEIK Piper =R ESHTEM, KIS B BENRRE - EAME SR, ST
Ca? (M i LL 48%) 1 Na* + K* (39MH 42%) N+, 15 XM oA ey, Bs L] s T 28 K 3ha ik
BREERR AR A o BA B 1 SO 15 LA 62%~85%, 4 5 [X 45k ISR BR AR AL 345 7 47 B (CaSO4-2H,0) i
fR B P E A R IR . 3ETRIX 6 S AR A (ARBRIR ERBE A 5 B > 70%)iE— P ENHIE T /K 4K
P TR L - SR IEIE R . X Ca-Na + K-SO4-Cl BUK R TR, T RS K 2 b 3 2 1) 7%
KRB V(U B ) SR 2 i 2 A IR B A O, RIS SO T 2 358 P K ST B A B8 A TS -
TR IHRLY o

Figure 2. Piper diagram of a sandstone fissure water sample

2. TUERH=E 2 HHFHE

Gibbs B AT DL & 42 il /KA 2 6 2 0L, T80 8 /KA 22 2E k5 = B BT R 2 TR ) 55 3% < Giibbs
TEEES. TDS 5 Na*/(Na* + Ca?")fll CI/(Cl-+ HCO; )FEAih A4t FLliie < J0 9 K 32 B /K H A o 7 &
SINTREIE FRIR B B AR IR R R A =28, KA = L AT o PR 3 AN X 28R RARRK
A A [12]77 PLE VLA H A [R5 KAk 22 il R 2R . RIRAE KA 7K Gibbs B, il 3 Fis. %
X KA 7K TDS & &8 1F 557.88~3644.73 mg/l, Na*/(Na* + Ca?") [ 7E 0.01~0.72, CI'/(CI"+ HCO; )
JGEI/E 0.06~0.54, KAF SHEFTE Gibbs B F30, A ATAEZ RGN XIRA « R I 2R IR 2 5o I
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KA I E N R . KFEA KA K Gibbs BT iR, BT KA AU TDS {85 B2 7 L (Na*/(Na*
+Ca2") LI ES T LLAE(CI/(CIm + HCO; )3 S0 2 1EAH e, HARTh /A T4 L7 8 R Ik4i X 8. TDS
EFEEIL 6.5 £%(557.88~3644.73 mg/L), KA /K FHVAMAERRE D) T AFRRERZ KR 5 EIRE. EEE
B, NatbEbfmis 72% (0.72), ClI 5 EIA 54% (0.54), WiRfEZZRKGE X SVER T, SiEEh3dn
NaC) ot & B IX PR ARHIE AT e 5 A X T 2K T 2N 2 S E A, [R5 R R 4t
Hh L T KA 2% B A B R 2R A SR AR T A R S A
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Figure 3. Gibbs diagram of limestone water
3. 7R#&7K Gibbs

3.3. KEHIE(EA

T FO AR 2 A FH %68 7 7K R B R A 25 2E R B TR P R A ol R K B R AR S I EL A G
2, LIRS K S Bk AL 2 1 [ 13] . KRR KB T, e 4 iR

Na*/CI L F R4~ R K Nat skl . R IEERRE A A0 VIR« B384 FH B3R 0
ARG, & 4a & Nat5 CIr R ZRIE T4 BRIV f# . y(Nat)y(CH)MIELIETE 1:1 ZRBAF, KB Nat A sk
VETE BRI, AR AR, AR IIE AR, B %S K E R R A BB A B R R A, Na rl RE
AR S RBECEK R, T Ca2* Bk Mo mI BEAR I B B0 2R T o X PP AZ 34 FH T g S 80K Nat VR BE i 1 CIs
Rk R B AT BE S B Nat Al CIEfR S . SR1, H1F NatFl CIRE MR AR H, CIFRT AE 525 5 4 W Bt kit
VE, FECNaVRE AR . B Nat & &k T Cl .

Mg? 5 SO}~ [ ¥ LA R BT AE R B B MDA M . N TS By 55 MK ST R 46 AR B R SR H AR
o B 4b £ Mg*5 S0, KB FHAEKE, B ARKEEH Mgy SOT 3 2ok i T 6 B2 2k 10 1% R,
P(Mg?)ly(SO; YILLETE 1: 1 £kLL I, SOF & &I E AT Mg & &, WK A h & H Ry 4,
R KAER B R S0 E SRR S, X e A R e AR R, DK
H SO% WKRIE . K T BN B A R K P 15 R B TR 40 2 B I P s A AL 2

KT, Ca BT HCO, B &% WIS T. Ca & AT HCO, &, il Ca ik ki T
FAh & Ca? I W) IV IR A I R BB AR IR , BRI FE 22 7= AR S5 B R IY) Ca*FI HCO; » 4] 4c =2
Ca?*5 HCO; 1 1:1 &7 F, (Ca?")ly(HCO; )L KRR, TMiASAH R in HCO; ik

TEHR 2, AR T BB S T EEa.
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Figure 4. lon analysis diagram of limestone water
E 4. mEKBFIHRE

4. #hig

MRS T AN K IR KRG BB, R H K KA SR AEEAT 204, A SE it 20#r s Piper [
Gibbs FIATE 704 BREAT 0, #3HH BUR 46

(1) WG ras KR, AT RN TS E T, BT T R BRI TS T, K
ARSI, HOWREUK . KR 2 EAL AR Ca-Na + K-SO,-Cl AL,

(2) i FH AT R A R RIRAE R A KA AL M BB N E . &7 HED T, RYIRER
IKRER B S BB AR A 1 BRI TR ER B AR, BRI SUR BN ER IOVA R S s S A, DA RR
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