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Abstract

For getting the information about the hydrogeochemical compositions and influencing factors of
groundwater in different aquifers (loose layer, coal-bearing sandstone and limestone aquifer of
Taiyuan formation) in Huainan coalfield, the major ion concentrations of groundwater have been
analyzed by a series of methods based on the systematic collection of data. The results show that
the hydrochemical compositions of groundwater from the three aquifers are different from each
other, indicating that the controlling factors (sources of major ions) of hydrochemical compositions
are different from each other. The main hydrochemical types are Na-Cl and Na-HCO3 types, reflecting
that the study area is located in the drainage area or the groundwater supply is insufficient. Gibbs
diagram, the relationship between major ions and factor analysis suggest that the weathering of
silicate minerals, the dissolution of Ca and Mg containing chloride minerals (source 1) and the
dissolution of Na containing sulfate and chloride minerals (source 2) are the main contribution
sources of hydrochemistry. The result has been further confirmed by the analysis of UNMIX model,
and the results of UNMIX model analysis also show that the groundwater from the coal-bearing
sandstone aquifer has the highest contribution from the source 1, whereas the groundwater from
the loose layer aquifer has the highest contribution from the source 2.
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1. 5|

PE NS b BB R K IR RGR 7, M N KIE N R AR = AEiG R i T A AL, (HX T
S, HORKR—RIIE] . —J5 T, XK R T R 2 A R KL (2] S — T,
H R K SRR 22 A FF R BB @ 2 —([3]. KUk, W8 B iG /K 00 R R G K e M R ae 4 7=
H THT i 2 2 ) R

eIt 211 20 ZAERL, (ENBONEE., AN TREZ —, KOCHBER AR R ERT X R 7K
UL S (KR A B B IR AR) T3 TH R A% T B R E AR TR S8 KK IR A K 75 2, I R 5
BT DR K (PR < 1000 m 55 HE4 B ¥ 7K 25 UIAH SS I 40) FF R 1 R B /K YR R Gl A 2 F A 9 T
1B, FERIETAFE G KZ AR AR 2 5, 18777 B CURRIE G R 7 BB Gt o Bt () 4
T WA M2 5E) N E[4]-[10], TIEkZ 1% is X Fh 22 v R RS . JE Tk, ERZSRptsed, Lok
FAHEAE A E SR XK SCHU R 22 A 7015 DUR T, FEAETCRIE T oRIE AKSCH 44 &K)Z
IKATBER AT TS T — K513 [11] [12] [13] [14] [15].
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RYNZA . Fith, KEMXHAGEUEIT, A X 2aE =gt 7 KERRMREER. Af, X
BRI 5% S BAE b T B A B VA 16] [17] [18] [19] [20], AT 7K ST HbERAL 2 (A 78 M A BR[21] [22]
BT, AT DERET XIS (BREER . XIS DR FmA )M = AMMUEE S K E(FE S
RZETFRA R, WIENEEIKIE . BRIE S KERKIEE IS &K IZ) T ACHRE TR G, FIH 20
T35 M HARK A 255 2H R DA SR B 32 A IR 35 2 B 7SR IR, FR4E & Unmix B2 58 22 A A [\ SR 7K
1020 I DT
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2. MR A%
2.1. WX E T

HEFFH XA T2 h AL i, XA EEvE e A B P o 1 DR M ok B i s B 3, [X P A0 3 DU ik .
X T AT 3000 km? (JLZRPEH 100 A HL, Bidbs 30 A, K1), HARBIBR S E S 22 8E 1 74%, H.
AL R, W ASHERER AR VR R TR X 2%, ZXER RIE B EEE SR
Zo HTiZXE b RARME, S SRASHMZEERS FERAEFMBUZER NG R R KA
Befuh o R, ZEIERTF Rk FE b, AR L B =8 RAUR R IR &5 v () 27K 2 B BT A S I 25 7K 2 [22]

Figure 1. Location of the study area
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A FMED" XIER . BB AL 7 48 MERE S FA R, KPS e
K+ Na* (2 K B, iR Nat & 3f). Ca2 Al Mg?, 185 T-434% CI . SO . HCO, Al CO? .
ERE T b, MECEKIE R E SKEFUREA IS EK)Z5 78 181 10 F1 20 4.

G A L APIANER 73 B SR KA SR A R S e DR B I 1 A AT, 3 B8 Gibbs [ [23] 587
JE K A ELAE F 2 SR Tk A 5 B Y MR R, S8 5 R B 1 TR R AH 9K 3R [24] 93 He 24 /KA Al
HAEFZAY, @i B oA 25080 — 2B A . FLUOR KA 2 i 32 B R R e AT, B
A Unmix £ 84[26] 58 B

3. R5118
3.1. FKFERS AR5

FAEIRIC A TR 1, AFEENE TS EECTIME. ART TR H: S K EKEER
SEH) K+ Na'(634 mg/l). Cl (712 mg/l)F1 SO; (147 mg/l)HH L HA A& /K 2 RE S e s, {H 3L Mg?* (8.54
mg/l)F1 HCO, (278 mg/l) 5 & Eimfik. ML T, MR E S /KZEKFEEA R Mg Hl CO; T8
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B, 4908 11.7 mg/l i1 20.4 mg/l, {HIL Ca® fl SO, “T-HI& &AL, 2054 19.3 mg/l F156.2 mg/l. T
KIFHKE SRS, HEHRER Ca2 Ml HCO, T & &, 425y 34.7 mg/l #1366 mg/l, {H5H[F
i, HAHERKM K+ Na* (537 mg/l). CI™ (526 mg/l)fl CO; (14.1 mg/l) P& &, FikzEm R, ©F
KEAEKEN S, HKEMEEATRAEREZER, OFKEMEERERE ENES, HRNEE
A RRAEEAN

Table 1. Major ion concentrations (mg/l) and pH values of samples
= 1. HEmENKULZEBL (M) pH &

GKE K+ Na* ca* Mg* cr SO: HCO, co? pH
e 71.0~946  1.20~403  0.610~17.2 0~1170 0~384 0~370 0-861  7.81-9.73
nRt= (634) (27.4) (712) (147) (15.3) (8.45)
. 178-865  7.94~345  7.54~16.7 70.9~984 0~98.2 115~463 0~492  8.00-9.07
AR (566) 11.7) (628) (299) (20.4) (8.44)

425-1058  8.02-151 000~17.0  22.0-1110  18.7-528  154~1116  0-480  7.91-9.23
p—
RIRALIE (34.7) (9.80) (134) (366) (8.58)

s BRI 5O ME~ S KB T 418) -

S FH TR FORK P R S 2 P DR 2 AT, (U 45V AR L P B S T 8 e R
WS FRERCE T B 9) AR, BRI pH 25, )T S, REmIER IR, WFRE
My FOKITT 2, 2R 70 I (IRNATX ), HR 3T By HCO, Y, B /K B D (IR, K
(L2 22 HT I SOF « CLAUEEAE[27], b T X M KT 25, Na-Cl B2 E B (125 (34 4, it
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Figure 2. Piper diagram
[& 2. Piper Ef#

3.2. MEREDH
3.2.1. BETEMKUCENFEMER S

Gibbs P R4 H THF A bR KA 22 AR A Re i IR 25, ()5 SR IR g g0 N B 1 7K A 58 453 [ 23]
Gibbs HITHE AW T
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Gibbs I =CI"/(CI” + HCO;)

Gibbs II =(Na*+K*)/(Na*+K*+Ca2*)

)
O]

A meg/le X FHVFROKTI S, LGB Gibbs B IR £ R A=A AR KEHE
KA [23]0 ABXS TH NOKT F X =AU S RAR L b BT 28R sh IVl . KE A BRI 1
o MWARBEFREHERE, J Gibbs | fE7E 0.09 10.92 2 [A](CFH{H = 0.63), Gibbs Il {57 0.10 1 0.99
ZIECEHAME = 0.90). TEE 3 1, FTA RIFRESEAL T 28 R AMEH SACE M AR X IR, XFpIEBLR, i
FA AT DX M R 7K 52 2 R A F (B R R R ) S /K E A AR FH R . X 5 1 SO AR (AR AL T
FIRE X SRS A 78 43) R AH — B

BRAh, TR R A (S SRR T BN KA AR AR, R ES 1 2 IR A AR B9 & (W Ca”* ', Na*s Mg”™
Je HCOq ) 485 Wl FH TR 15 1 T 7K K 5 4 AR P AR LR Y, L AR 3Ry Ca®INa”™ — Mg /N’ &z Ca*'INa*
— HCO; /Na"Blfif[24]. M 4 WTLARIL, 48RS 53 AL S BRI AE T 78R Eh0 WD g X 3, IR 8 K b
WL 2R R DI AR AR IR ST MR Z 18], AR 1 ANBE R EEE R BR Eh A MDA AR X 8. X PG R B, 28
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Figure 3. Gibbs diagram
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Figure 4. Diagrams of Ca**/Na* — Mg?**/Na* and Ca?*/Na* — HCO;/Na*
& 4. Ca®*/Na" — Mg?*/Na*" &% Ca?*/Na* — HCO,/Na'E#&
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3.22. ETEFIHNEWER S

TEM SO ERAC 4005, VR s i BB Ge vt oM i, BRI 20 W o i B 10 e skdi i [25] . AR
g, DURHIE(E R T 1 O BCE iaf e A, JE3R15 1 2 N, BT Z iR %08 65.5% (4 2).
SIEA e G, NF 116 Na'™+K*. CI'fl SO; A IEEar, J7 %Ak N 38.8%, [HT 2 7 Ca™ Al
Mo® AR IERN, € SO, FEA RS IEEN, e HCO, FRAREM AN, 77 EMBER
N 26.8%.

Table 2. Results of factor analysis
%= 2. BFoHER

e Na® +K* ca® Mg? cr SOr HCO; A T EARREE
[ 0.966 0.003 0.036 0.927 0.731 0.005 2.33 38.80%
R+ 2 -0.177 0.734 0.704 -0.044 0.342 -0.651 1.61 26.80%

AT AWETERY], TR X TOKT S, RERR R IR BRIREE . BRIR H X A () i
fifp e KA AR B ISR T28] 0 2 Tt PRT 1 AT DAR Ry S ER U2 A i NaCl) B R £h 0™ 4 (U
TEF NaSOy) o K1~ 2 I w] AREERE D9 & Ca Al Mg IFIBRTIR £h 0™ M RO A (A0 47 8 CaSOy) (B MR F- 2 H HCO; 1 3K
RE , BRERERE MU JT A A0 58 RO E AT RER RET AR, ROy HCO, N i i (B
FHERIIZ, HCO; BARER T 1 BT BIRMS, E5HT 2 FUEM I EAR, HRERIRTSC 4 R
(1514), BT 1 aragic & B RSB KA K& B .

33. BFREEELDT

3.3.1. Unmix iR RHT

Unmix 550 2 55 B 3 OR S5 32 HE 00—l B T 8 S0 5 Je P sRiR I S2 AL, B V2 A 1 L3
KRBT [26] ZA EEEE: Cc=) X, xS, . Hi CANMAERE, S, ATMNENY
H, Xo N Sy fER I TTHR AP AT LR . R R K R A 25 2H A SRR T KA AR EAE A, PR mT DURE AL
SO RER RN 2 MUK A EAE A RFRE R 20, Dt mr D5 R X — BT 04

SO, X TUERT X KRR S, S T PASRIE(R 3). WRHTFTLLEH, W1
Xt Ca®*. Mg?* Al HCO; AT 1R i [ BTk (>800%) , L2 Na* + KA CI o XAl &0, I8 1 ol AE SRR
VIR FERERT IR A Cay Mg &SR VIHIA A o< . B25 [EBIRT SO M R ER Sh 0 i
IR AR, B 1 FZESEERET VXA ARHCA) I Ca. Mg & YI(Ina s Axf)
WA % XTI 2 5, X SO A 100% 5Tk, #RJ5 42 CIT A Na* + K*, H5Tlk 437128 59.6%
M1 57.5%. 454 H SCNRSKRE, J5 2 AT REE 5 Na fRER 0 P (T5 1) S & M) (W F 28) T i %

332 ETHREMENIKEERMEST

P51 AR 2 AR B K E R KK A B A R DTk EE LR 4. MR 4 TRLE L, BN RERES =
AN K Z 1R KA R DTHRZE AR AR R . FEAR R 1 (RERR SR XA & Ca Mg SR IR %)
SRR S KB KB DTk e e, A RIRH IS K ERR S KE, P otk s
5l 63.3%.55.4%7F1 51.0% . Y5 2 (& Na B lR Eh i) S SR M) AR B3 7K 2 U R /K IR~ 3 TR 2 i
KE|T 49.0%, HICHKRIRHIK S S KE(B4.6%) IR BRIV A 5K 2 (36.7%) . XFMENEN], MRS S
IKIE KA AR ELRERR EE0 MR AL RN & Ca. Mg &b W va R RE B A v, O] S e 7 JLRERR 26
Ve BB MR K EE G . X EEIEME 8, ERESKZEAE, IR KA AR
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71E, HEER S MEEZE m TN TKEZER9]. RZ, MBS KZTHE Na fRER 4 & & AT
P2 e T HAR IS & KR

Table 3. Source compositions (mg/l) and proportions (%)
%= 3. JRERE(mg/) R E EE 451 (%)

BT 1 Vi 2 b 1 Lk 2
Na* + K* 240 325 425 57.5
ca* 30.2 378 88.9 11.1
Mg* 12 1.84 86.7 13.3
cl 250 369 404 59.6
sor 0 154 0 100
HCO; 303 44.9 87.1 12.9

Table 4. Source contributions for the groundwater hydrochemistry (%)
F 4. BEXTEIKBEU TR LE R B ST ER (%)

KIR U JERIDE KR IR A
- 13.8~100 34.1~83.3 0-91.3
- (51.0) (63.3) (55.4)
2 0~86.1 16.7~65.9 8.62~100
& (49.0) (36.7) (44.6)

s BRI 5O ME~ S KB T 416) -

4, 4Eig
FET AR X AT M A G KR B 1 R0 A B ALK ) M R KK AK S LR I S04, 38
BA5 7 LR AR

1) =AEIREIT AK B S AL RRAT A8 22 57, R WIHKAb A 2 pledsi] DR 28 (22 8 1 oK) AN AL o
HARM SRR L Na-Cl RUAT Na-HCOs O, S sy X BEAA AL TR X 3 st R /K Hh45 AN TE 70

2) Gibbs B\ 1 [A] A B2 5 5 R 70 I R W RERR 20 DK AL M Cas Mg SR 10
REOR 1)LLK S Na BilR #h X SER IS R (IR 2) 2 KA 22 4 B E B DTIRR IR . IX — 25 RAE Unmix
R A AR 3 TR P BIESE, H Unmix B 73 BT 85 SRR BT 1 4B A 5 /K 2 R 7K SRR e
TR 2 RFABCE K2R K DTk i o

HE&mHE

KRG F] T 2808 KA A 0I5 H (201810361142) F1 22 1 48 mi K2 B (k) $ 2 A A 5 B
(gxbjZD48) (1) ¥ Bl
SE ik

[11 AP EdCR KRR IS O TN, RN KR OSSPk IM]. AEst B HR, 2009.
[21 HEAIR, SRR, RBeMy, 55 5 HKGIRAEORBETEIM. 4R EA RS B ke, 2011,
[3] HEANZE, BRBEE. A IXHL N ACOKSCHEERAL A 5 IR IM]. JE5T: MU Rk, 2007,

[4] woE, H=HT, skl FIHAKEAM] ALt S E L H A, 2007.

[6] A4, B, bEF, % AKCCBIRMEINEAER K FT KR 8 —— P T  AESs XR 7 A ).
HuR 1Y, 2001, 47(6): 653-657.
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