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The Geochemical Characteristics and Migration of Major Elements in Karst Area
—Taking Shuanghe Cave in Guizhou as An Example
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Abstract: Through the determination of soil physical and chemical properties and the major elements in soil
water and rocks, the principal component multiple regression model was built to investigate the main influen-
cing factors of major elements migration, and their contribution rates were calculated. The results showed
that the Mg and Ca content at each soil monitoring points ranged 1 393. 98~5 497. 42 mg/kg, 880. 47~3 133. 43
mg/kg respectively, which were higher than K and Na, i.e., 498. 58~3 315. 42, 32. 98~186. 75 mg/kg,
respectively. Soil CO, concentration and soil temperature had the significant seasonal characteristics, which
gave the higher values in summer and autumn than in winter and spring. Soil porosity decreased with the
increasing depth, and the contents of HCO; ~ and Ca”*" in soil water were higher than other ions. The migra-
tion ability of main elements was Na > Ca > Mg > K, and the migration coefficients in summer of all
elements were the highest. The factors with high contribution rate to major elements migration included
precipitation, soil CO, concentration, soil temperature and the content of anion in soil water, and their cumu-
lative contribution rate reached up to 52. 84 % ~79. 06%. The cumulative contribution rate of soil bulk density and
the major elements content in soil and soil water was 22. 98% , significantly lower than the aforementioned factors.
The contribution rate of total soil porosity and aeration porosity were even lower, just 2. 19% ~8. 76 %.
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>
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Eo6 TEILTMIFHAIFELESE
X2 ErESMEEHEIETESE THEIEKRE K IR R EBIK EE S HES
Hfir - mg/kg (0. 243~0. 250) . FF Z= M 4b T 42 4F F AR K - (0. 067 ~
RFE A K Ca Na Mg 0.069), &K Ca il # RECK T e, B B AN,
1# A8 34575.18  250151.31  1004.14  68543. 41 S R 2N
HAY ] 0.438~0. 439 F1 0. 085~0. 0854,
22 5FE 30147.28  234789.51 904.30  65247.01 B R 4 %
32 HFE 28764.22  200870.15  885.35  59874.14 RIEE Na B8 REA 2 W2 5 T A 25 (8. 274 ~
4% 44k 3104567  228567.13  945.21  61258.05 9.049) , Hfh 245 22 B OR (2. 248~3. 039) . KRS
3.3.2 XRBEZBEFAFEHAMSA MK Mg FHRAKKERE AL 0. 125, 05 FHEE, ML

AUHL R 1 2 KR E KB REA R e (0. 329~
0.338), B E K (0. 015~0. 016), + 3 12 K IFEF
Ca IT# 2 BUFK 75 5% i35 (0. 240 ~ 0. 241), T & 7 &% ik
(0.139 0~0.139 6), 43 1# K Na T8 R AR RE
Pk ZEf 125 (0. 850 5~0. 944 7) , H ZH K (1. 303~1. 323),
M Mg i #% #2802 S K.Ca,Na AN [A], B F &
(0. 339~0. 341) & Z AL (0. 090~0. 091), 1 3£ 4%
WRIE KT R2EE 2 fcm (0. 073~0. 074) , HoAt 2275 22
FEAK (0. 051~0. 060) , FIRNE Ca T8 REE T fe i
H Ak 0.245, S UREE Na iR RECEE B0 5 TR H
5 HAER TR BIIEAR (1. 926~1. 959) , &K Mg iT#
FRUE Z 5 5 (0. 169~0. 171D & Z= A% (0. 025~0. 026) ,

BN F ALK, BT 28 RIER 50K, K
WREITEH BT RS 28 OAX L 24
TR TR REATHRIT .

8 bR R X R F R TR S B
—SE M ZE MR AE . 54 B AR XA T XS TR B
& Ca i LHIEB MM FALL, Hh Na T &
BTG TR PR o R R W S T KL Ca, Mg,
M A%t K o0 2 09 0% B 7 A5 F Na ™' i K ot
FE R ZEGE K T Na, i AHXF Ca F1 Mg, B K
b KEBREHMT Ca Fl Mg, HILHF5EIX 4 Fp 3 &
JCE TR AE Tl Na™>Ca>Mg>K, X 5 #% &
W AE SRR BB 9T 4 R — S
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+ 2% E/em & SI#K  SI#Na Sl#Ca Sl#Mg S3#K S3#Na S3#Ca S3#Mg S4#K S4#Na S4#Ca S4£Mg
LS 0.329 5.051 0.238 0.090 0.051 0.916 0.234 0.026 0. 246 9.038 0.138 0.023
# 0.067 1. 985 0.239 0.232 0.074 1. 959 0.157 0.118 0.069 3.004 0.157 0.121
20 " 0.016 1.323 0. 140 0. 341 0.055 1. 870 0. 245 0.170 0. 249 2.566 0.085 0.121
% 0.179 9. 447 0.241 0.215 0.059 1. 069 0.189 0.033 0. 248 2. 255 0.439 0.124
% 0.329 5.095 0.238 0. 090 0.052 0.992 0.233 0.026 0. 246 8.953 0.138 0.023
& 0.067 1. 989 0.238 0.232 0.073 1.935 0.157 0.117 0.069 3.039 0.158 0.122
10 B2 0.016 1. 319 0. 140 0.341 0.055 1.867 0. 245 0.169 0. 249 2.627 0.085 0.121
k 0.177 9. 361 0.241 0.213 0.059 1.073 0.188 0.033 0. 249 2. 256 0.439 0.125
S 0.338 5.191 0.238 0.091 0.051 0.914 0.233 0.026 0. 250 9. 049 0.139 0.023
& 0.066 1. 812 0.238 0.227 0.073 1. 926 0.157 0.117 0.068 2.735 0.157 0.118
50 -l 0.016 1.316 0.140 0. 341 0.055 1. 862 0. 245 0.169 0. 250 2.639 0.085 0.121
77 0.178 9. 340 0. 240 0.213 0.059 1. 066 0. 189 0.033 0. 249 2. 248 0.439 0.125
S 0.334 5.052 0.237 0. 090 0.052 0.990 0.233 0.026 0. 247 8. 274 0.137 0.023
% 0.066 1. 803 0.238 0.227 0.073 1. 936 0.157 0.117 0.067 2.738 0.157 0.117
50 )=l 0.015 1.303 0.139 0.339 0.056 1. 854 0. 245 0.171 0.243 2. 406 0.085 0.117
k 0.175 8.505 0. 240 0.213 0. 060 1.076 0.188 0.034 0. 249 2. 249 0.438 0.125
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Zi=aystd 2, + ar,std 2, + aystd x5+ aystd x, +
«,+a, std x, (3)
Z,=bstd &y + bystd x, + bystd x5 + bystd 2, +,

v, +b, std x, €D)
Zy=cystd x1+ cystd 25+ cystd x5+ cystd 2+ 5000
“+c, std x, (5)
Zn=mn, std x, + n, std x,+ n; std x5+ n, std 2, +,
-, +n, std x, (6)
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T4 BrTESTFEXTETIBRB S TOFER
Eit ESMILEL ] i'e Sig.
N Y=0.011X; —0.023X,—0.002X; —1.18 * 10 * X, +2.5 % 10 ° X5 —0. 019X — 0. 011X, +4. 46 % 10 * Xg+2.4 % 10 * X, +
+H 12K , 0.987  0.00
0.014X,,—0.005X,, 0. 016X, —0. 006Xy, —1. 12 10 X, +0. 148
N Y=6.1%10 *X,—0.01X,+7.26 %10 *X;—4.56 ¢ 10 > X, +3.58 * 10 > X5 —0. 014 X5 —0. 011X, +4. 46 % 10 ° Xy +2. 4 *
+#12Ca , 0.98  0.00
103X, 40. 014X, =5 %10 * X3, 0. 016X, =6 % 10 ° X5 —1.12% 10 ° X, +0. 214
- Y=-0.235X, —0.093X; —0. 25X —0. 4X, +0. 02X; —0. 48Xs +7 % 10~ X; +0. 037X —0. 361X, +0. 69X, +0. 59X, +
+3 14 Na 0.989  0.00
0.66X,,—0.56X,5—0. 43X, +4. 368
N Y=0.218+7.3%10 *X,;40.016X,—4.73% 10 *X,—1.22 %10 * X, —9.31* 10" * X5 +0. 011X +0. 017X, —6.6 % 10 °
+3 12 Mg , _ 0.947  0.00
Xs—0.017X,+0.011X1,+0. 013X, +7.5 % 10 > X1, +9. 1% 10 ° X35 +0. 01X,
N Y=2.7%10"%X,—3.5%10 *X,+1.9% 10 *X;—3.9% 10 * X, +5. 4% 10 " X5 +3. 4% 10 * X, +5. 2% 10" X, +9. 46 »
32K , , 0,922 0.00
104X —2.19%10 *Xo—1.03% 10 *X30—2.05% 10 *Xy; —6.5% 10 *X,,—2.32% 10 *X;3—7.2% 10 * X1, 40. 06
. Y==7.2%10 X, +4.5%10 *X,—4.25% 10 *X;+1.61 %10 ° X, —4.26 * 10 *X; —0. 02X, +2.5% 10 ° X, —5.42
+H32Ca , , , . ‘ 0.914  0.00
10 X +3.47%10 *Xo+9.4% 10 X1 F6.67 %10 ° X1, —2.62% 10 ° X35 +0. 011 X35 +3.7 % 10> X, 40. 206
N Y=-0.23X,40. 065X, +0. 072X5 +0. 042X, —0. 015X5 — 0. 046 X5 +0. 057X, — 8.5 » 10 X —0. 13X, —0. 116X, —
+3E 34 Na ) ) 0.981  0.00
0.065X1;—0.097X1,+6% 10 > X153 +6.2% 10 * X, +1.457
N Y==2.5%10°X;+9.2%10 *X,+7.5X54+0.017X, =2 %10 *X5—0.011Xs+7 %10 *X; —=1.76 ¥ 10 * Xy —0. 015X, +
1534 Mg , . 0.986  0.00
0.015X10—6%10° Xy, —0. 012X, +4 % 102 X,5 +2.28 ¥ 107" X,, 0. 087
N Y=0,014X; —6.88 % 10> X, —0. 042X; —0. 036X, —9. 1% 10~ * X5 —0. 017 X5 +1. 79 % 10> X; 3. 74 % 10~ X —0. 001X, —
+H 412K ‘ 0.70  0.006
0.001X1040. 026 X1, 0. 015 X7, —0. 044 X15—8. 6 % 10 ° X, +0. 203
N Y=—=9.54%10 *X;=5.05%10 *X,—0.04X;—0.047X, =2 % 10 > X5 +0.032Xs +7 % 10 *X; —4 % 10 * X3 —0. 04X, +
+342Ca , 0.889  0.00
0.05X10—8% 10> X713 —0. 015X7, —0. 0167X1; —0. 04X, +0. 205
N Y=—5.56%10 *X, —0.47X,+0.026X;+0. 297X, +0. 102X; —0. 126 X —0. 48X, +0. 045X5 +0. 256 X5 0. 53X, +0. 54
+3 44 Na 0.984  0.00
X11+0.526X1,+0.187X35—0. 05X, +4.13
N Y=1.44%10 *X,4+8.12% 10 *X,—2.98X10 *X;—4. 66« 10 * X, —3.3% 10 " X;43.58 * 10 *Xs+9 % 10 * X, +6. 66 *
+5E 42 Mg 0.981  0.00

107 Xg—6.23 %10 *Xg+3.29% 10 *X,,—0. 01X, —0,01X,,—2.65% 10 * X,5—6,2 % 10—4X,,+0. 097
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JHIEFRILBRE ; Xo h EHOKE F R X0 HHOKITE & i X v 250K NO; — &8 X b 18K C1 & i X o £ 3K SO2
i X oh K HCOs— & ik, T,
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1 (10.51%) 1 CO, #eJEE (11. 90 %) , Hxt +
K iR 5 M 8 K A 974 - HETE BE L A AR & K 2
KR L HL TR R Ry 5. 34 %0 ~7. 27 Yo, T 48 5 1
DUBRRE/N, 14 32 Ca iT B i FEAE A 4 +
B CO, #eFE(16.03%0) , Hy ol 1 Ca & PRk R+
R L STHR VL I Al 3k 5. 01%~8. 07% ., HoAl N+
Xt 3% Ca iR MM 855 . + 48 34 Na i B £ 22 5|
48 Na &0 3058 FURD (AR &Kk i L B3 CO, 3
3 R e K R T, BTk R Rl A 5. 4200 ~7. 55,
HoA R ZE A TTlkRA 5, Xt H 3 34 Mg E Bk F| 3
BB T35 4 Mg & & (10, 13%) , H %
H(9.65%) 15 CO, M (11.98%) . Xt Mg i #%
PAE SNSRI R oe: 3100 SE R AN & 9,4 /N
HLOHTTECRIE B R 4. 42% ~7.70% ., HAB N 7Y
TR I A A L de A 3. 35 %%,

M4 K I EEN TS5 K &5,
R E A AR AR, TTECR ATk 8. 1120 ~11. 20%,
Hoyout KB 5% i 5 K 1 B 28 A 466 K &L 3 CO,
W TR RGN 5. 61 %0 ~6. 34 %, i HiA B 7 x)
3 KRR A5 , ook Bk, X3 48 CaiT 8
SRR A AT (12, 36 %0) 3 AR &k &
(11.18%), +4E CO, WM+ 1 Ca F Xt Ca (WiTH
SEMRER A, BTk 24 B AT 3K 7. 52% F1 6. 62% , i Fo At F
FRITTER R A AR . R -4 4 # Na BRI RN E
LB RRK S B IR B SRR AT Gk 12, 7700 ~13. 21 %,
Hk +HE Na B2 m i RN E R LA &
(7.7500) AW F 1 STIR R B e A 3. 23%, &

o HE 48 Mg iR R G R KR (12. 1020 .
T HER (13, 48%0) , Hk o HHEARFH A AR K E L+
e CO, ¥R, H BTl RGBT A 5. 1420 ~6. 76 %0, HAlh
PR SOk A1 B e A 2,89 %%,
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W% SI1#K Sl#Ca Sl1#Na Sl#Mg S3#K S3#Ca S3#Na S3#Mg S4#K S1#Ca S1#Na Si# Mg
X, 7.04 4.91 6. 46 7.39  10.51  7.66 6.04  10.13  8.11 6. 62 1.23 1.91
X,  10.98 9.73 9.62  10.66 6.96  8.07 7.55 5.69  5.63 2.89 12,77 12.10
X; 2.51 2.78 4.46 3.03 7.27  4.80 6. 36 7.70  9.31  11.18 1. 60 5.89
X, 4.93 3.99 6.95 6. 48 3.60  4.77 3.66 9.66 11.2 12. 36 7.75 6.76
X; 1.32 3.61 1.77 1.51 2.40  3.81 1.27 2.09  3.08 4.29 2.63 1.36
Xs  10.24  11.64 7.89 8.70  11.90  16.03 5.42 11.98  6.34 7.52 3.23 5.14
X:  10.42  10.94  10.32 8.70 5.3 5.0l 7.60 4,42 4.80 3.38 13.21  13.48
Xs 0. 87 3.65 1. 09 0.93 3.94  4.95 0.95 3.35  3.24 3.71 1.08 2.89
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