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M BN, A (B SSBRBABHBAENE.H
T B A FAE 3 A6 AL 2R w1 A0 L 7R 18 B 2 A 1 A
BEHEHR, RALBHWERN . ERRA.AWER,
BRECEBF CZEZFKPFEAENR HEES
HHKE BZE ARDE BB EMES, V0L
BRAGE BENEEY .

MEXBERBHEENRESE, FHKR11.8
CEHBEWHE 841.3 mm, T EEPFS5—9A. K
RIRKRBEIEE, UPBRAKERFHH>KE,
L ER T F R AR K FK R L BRI R B AK R,
1.2 TKRRESE

RAE 2 A v A i T K RAF S B ARAE 45 1 F K
R ABBRILEREBTK EEHFKMENREILR

K(ED., RREALEBKIHIEZ, KRFTH
MEANBERBR S, RAKWRER 0. 01~300. 00
Les  BRANRKEEHETE FHAMNAEHR
R, RHERH0.01~1.42L - s EMERET
Bk X476 T B 5T X 5 558 W B st A b B4 3 R
K,R2RB—MNF1L.s', FELEIEEH
R 0 RAK R K 3T R ERER
BAZANTFTEN MM TENEB KRR, 577 2 b
THRE EBRXRRE EBREIBREL, K
P T KB UAKRS KA I E, B R W,
MRRXMB T KLURER REERIE,FHEE AL
TR T R0, B LR SR BT R A i s Rk
PRI, BRRHEM TR AR GMNENR,

%1 BHREAKESEANE

Table 1 Water-bearing rocks in the study area

FAER BEREHABE BERESRN RUBEE/L s
ARER.CREN=RF EY 0. 10~ 300, 00
BB EXABEK LYCEIE §:F THER 39 Gk 0. 03~30. 00
AHA_RRA=8F "z 0,01~2, 20
EABRK RABRA_REA=RE "z 0.01~1,42
FAUE K TLBRK FOERRBARY "z 0.02~0, 10
1.3 ANERED ¥ &Y (Rational Function) ¥t Rapideye R i & R i#

AXERFWARY REEWLUEXR DEF
KERHE:RFREY BB, EAIX AR
EENEFEY. ARE S S WmiEHRE RS
BRRHEBER, YpERGEAGYEHEMATHLER
RRAREDRER, B BERARGREMRR, K
Sh B E B AOKTE , i EREFEX .
Mg FEAE.BRREBEKNDIYEEEZHE
AR ZE P,

RATHREFE, LUERIE,BSHE
R AERSHATHRREBMARILBHAEL
EMEEH—W CEFNETEFREHRENE
wEA,

2 BARFZE

2.1 TiFAAXNBEMRF
BBMIER AT #E Rapideye $ 1B, BB N
i IF 5 7= & (Ortho Ready Standard) , ##& RPC(Ra-
tional Ploynomial Coefficient, F LM A R ) S
A HEER S5 m, KBETE K 2011 FL 2, HIIEL
ZEXE, AN LER EREWN. BIERET. &
F K18 69 Rapideye BIE R WIES ™= &R, KRB RE

FTIEHKIE,BP7E PClERE R KA+ XA Ra-
pideye 2 & & 2 + RPC + DEM + GCP f#& =X, x¢
Rapideye RIF2 AKX R H#TEHKE., RIEBHE
REERAENVIRGHTEHAMATRAN A2
EMALRBIXELH N, I8 TFMERAERHR—F
B, BARI Kk AR L 2R A . Ei
EAM HBMRE 6 MEBE 1P,

2.2 HRAXRK

EETF22013F10 AMARXMBTKFRT F
GRRET/E, RESAMUERLE 2, XERN 350
mL ZBERTHRORZHBEIR, RER, EAK
B Ve RAEMR 3 UK, B4 BURE R B K o 2606, 3R K
THREBRE. FAKESHAO0. 45 pm BIMILIEE
TR, 3 o BB — 1 A B AR 7R R R T B
BFUR, A —-MmMARREHERE pHENMT 2 H
FHEEFR R, LB HOKESHFERBRE
T, 58,

Wi EKERENRN . ZEMRTXEELH
FAFTXERAA B Kb fR ), kB4R
FEEMER A HRAREREERE 0~20 cm, R #
AERAE 2,
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KEERER G EAEKREFHEERKES
PR E KR (T) . pH. &5 8 1 B & (TDS) 5 4% ,
BEHETYSRRZA0.05 mol » LT WHMEE,
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ERMEMNBILEALBRULARAAME. iF
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Table 2 Statistics of physicochemical parameters of groundwater under different land uses in the study area

HaHFERR.
Mg R ALK 2 K 3.

- RHE(N=79) A (N=52) BHAMN=22) B #A(N=6)

" B/ME BKE ¥HE BM BXKE FHE EBM BXE FHME BMEI BRXE FHHE
T/C 12.50 28.30 15.01 13.20 28.40 15.38 13.20 19.10 15.43 14.10 16.50 15,23

pH 6.40  8.00 7.33 6.90  8.00 7.37 6.70  7.80 7.43 6.70  7.50 7,27
K*/mg+ L™ 0.30 14,90  1.48 0.20 24,70 2,12 0.40 4,50 1.38 .10 3.20 1.83
Na*/mg+ L™} 0.60 3550 3.0l 0.60 16,00 2,97 0.50  7.20 2.12 .00 6.10 2.77
Ca?* /mg+ L} 9.48 225.88 73.69 11.21 232,77 73.41  23.28 448,30 90,72  37.93 106.90 73.06
Mg?~ /mg + L™} 1.05 51.76 12.44  2.09 60.64 15.95 2.61 3816 14.38  6.80 38.16  19.17
Cl~/mg+ L™! 0.95 21.28 5,74 1.89 32,16  6.41 1.89 21.75  6.23 4,73 17.97  7.72
SO{~/mg+ L! 10.00 570.00 68.62 11.00 580.00 66.75  8.00 920.00 97.41  26.00 132.00 55,73
HCO3 /mg + L™! 9.94 352.94 183.55 4.97 432,48 193,78 64.62 328.09 204.94 79.54 323.12 214.59
NOj /mg + L~ 0.60 54,00 17,12  0.60 104,00 25.67  0.60 48.00 16,71 14,00 56.00  31.83
TH/mg+ L7! 34.42 77716 235,24 51.67 787.93 248.98 73.20 1162.47 285.74 133.46 424.06 261.37
TDS/mg » L™! 67.61 1087.21 342.98 86.62 1018.30 356.89 132,24 1519.78 393.49 231,38 636.01 368.79
Sleatcie —2.39 0,54 —0.24 —2.89 0.58 —0.20 —1.03 0,64 —0,04 —1.38 0.15 —0.23
p(CO2) —3.14 —1.57 —2.18 —3.26 —1.55 —2.22 —2.68 —1.47 —2,22 —2.43 —1.85 —2.06
STnolomite —5.11 0.69 —1.18 —5.87 0.69 —0.98 —2.63 0.8 —0.71 —3.13 0.06 —0.91
SlGypsum —2.71 —o0.61 —1.85 —2.61 —0.59 —1.88 —2.97 —0.22 —1,86 —2.33 —1.39 —1.92

£3 HREFFTHHMAFHTLIRAKBEBHRITR

Table 3 Statistics of water-soluble salt parameters of soil under different land uses in the study area

+Slcatcite + PCCO2) . SIiotomite Fl Sloypeum B A R T K PEE S . ALK . O NAHT WHREMER, B KkEZH 4 PHREEQC itH
HH N AR T AR HGTH: S8 E, L CaCO3 RN TDS: S8 BB 4.,

A AR pH Cat* Mg?* K+ Na* NO7 SO~ Cl- HCO37
B/hE 5.63 10.02 3.04 7.50 24. 00 17. 90 0. 00 10. 60 122.00

(Nfliﬁ) BX{E 7.15 441.9 47.42 52. 00 35. 00 56. 90 170. 00 18. 80 503. 40
4 6.50 172.85 23,83 16.70 29. 85 32.29 71.00 14. 42 274.26

B/ANE 5.45 98. 20 12. 16 11.00 24.00 15. 10 0. 00 8.51 152. 50

(Nikiﬂ) BKE 6. 64 408, 80 25. 54 52. 00 42. 00 125.10 195. 00 17.70 427.10
FHE 6.12 232,12 17. 94 27.92 30. 83 52.57 95. 00 13.57 299, 47

B/ME 6.62 120. 20 9.12 11. 50 53.00 114.00 200,00 16. 30 213. 60

BHAM

(N=4 6 BRKE 6.72 320, 60 24.32 28. 00 65. 00 115.30  470.00 37.90 793. 20
FE 6. 67 220. 40 16.72 19.75 59. 00 114.65  335.00 27.10 503. 40

B/ME 6. 44 180. 40 6.08 11.00 35. 00 72.20 155. 00 25.20 274. 60

iﬁgg) BAMH 6. 44 180. 40 6.08 11. 00 35.00 72.20 155. 00 25.20 274, 60
ol 6.44 180. 40 6.08 11. 00 35.00 72. 20 155. 00 25.20 274. 60

HE-NARER N pH XBH, N mg - kg™!.
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Fig, 6 Relationships of major compositions between groundwater and soil samples in the study area
x5 FAXBNIHNARGETHTRKEFEBBEREEEER
Table 5 Impacting factors and hydrochemical types of groundwater under different land uses
TR AR R KK LR EmEE
B oK HCO; —Ca, HCO; —Ca— Mg, HCO3; —S0, —Ca 1 HCO3; — 80, —Ca—Mg MHkEs, L EERFKEER
& HCO3; —Ca, HCO3; —Ca— Mg, HCO3; — S04 —Ca, HCO3 — SOy —Ca— Mg, Rl 7% Bh B L 28 88 A 4k R Bl
S04 —HCO3; —Ca, SOy —HCO; —Ca—Mg fl SO, —Ca—Mg %) Tt HMUEmAKEER
T HCO; —Ca, HCO; —Ca— Mg, HCO;3 — SO, —Ca, EJREKRTEHHET) . L
HCO; —S0O, —Ca— Mg, S0, —HCO; —Ca—Mg 1 SO; —Ca B R Ak AR
st HCO; —Ca, HCO; —Ca— Mg, HCO; —S0O, —Ca, LR DA R CRETH R

HCO; — SO, —Ca— Mg, S0, —HCO; —Ca—Mg 1 SOy —Ca—Mg AIEH
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Response of hydrogeochemical characteristics to land-use modes in
exposed karst areas of northwestern Guizhou Province

YANG Guihua', PAN Xiaodong®*®, YUAN Jianfei', DENG Guoshi', TANG Yeqi'
(1. Chengdu Center , China Geological Survey, Chengdu,Sichuan 610081, China;
2. Institute o f Karst Geology ,CAGS/Key Laboratory of Karst Dynamics yMNR&.GZAR,Guilin, Guangxi 541004 ,China;
3. International Research Center on Karst under the Auspices of UNESCO, Guilin, Guangxi 541004 ,China)

Abstract Land use modes are important to assess the impact of human activity on the earth surface, espe-
cially in bare karst areas. The hydrogeochemical characteristics can be used in this assessment. This study
was based on geological survey combined with remote sensing and hydrochemical analysis of groundwater.
The purpose was to reveal the response of hydrogeochemistry to land-use modes in a typical karst agricultural
region of Bijie city, Guizhou Province. The major land-use modes include farmland, woodland, grassland and
construction land. It was found that there are differences in the concentrations of major ions of groundwater
and Sl (Saturation Index) values of dominant minerals for these four different land-use modes. In addition,
the contents of water-soluble salts of soil are higher than that of major ions of groundwater in almost all of
samples, indicating that under the condition of rainfall infiltration recharge, the leaching of water-soluble
salts can affect the concentrations of major ions in groundwater, Moreover, the dominant groundwater types
are of HCO; —Ca, HCQ; —Ca—Mg, and HCO; — SO, —Ca in compositions for these four land-use modes.
However, due to the influences of natural geographical factors and human activity, there are differences in
the compositions and hydrochemical types for these four land-use modes. Based on these results, two con-
ceptual models are established for the evolution of groundwater in the study area.

Key words karst area, land use, groundwater, hydrochemical characteristics, human activity
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