Bk i3
2023 4 6 A

#
CARSOLOGICA SINICA

5 B Vol.42 No.3

Jun. 2023

B AR, Bk, AR, 45, REPUICRE R X A K B T s
DOI: 10.11932/karst20230303

AR A R T T IR

S [A1AE SEARAE (] W LA, 2023, 42(3): 509-516, 527.

S 8] L 4FME

AT AR, AR, RFVE, BmE S, Tk
(1.7 ddsk A& X REAFRRLTRE LA, I8 dT 530007;
2. P BAF IR #GE RO A KA R, i KV 410125; 3. 7 BAREF LSBT, S ® & T 530007 )

T OE TRV A R b XA IR A A BURE A3 AT, SR G BT A M N b 2 T ik B
¢ B PG b s 307 4 KRB X3 T 32 )2 (0~15 em) £ JK £ 57 ¥ i (Si0,. Fe,0,. CaO, MgO. Al,0,. MnO) K

23 ()48 SRR AR B S R o S SRR W SlozﬁETﬁ

1Y 85. 22%; 48 7 R BUAE 37.50%~71.67% Z [d] ,
S HABRK, 2 EE LI CaO., Fe,0,. MgO &

fiE & 22 WG R W, BR S 3R JE I Si0,. MnO Fl MgO =¥
CaO 75 [B] 43 i () F 2K &K . azﬁﬁz/\éﬁﬁéz%ﬁﬁi%@“%ﬁ%%ﬂmﬁﬁjmﬁiﬁ%tﬁf
A T, B Si0,. XK B R, 4% M b B (R 1

R A K 1 23 [E] 43 A0

KW W) T W SRR R AR+
PB4 S:S153.6 X ERARINED: A
XEHS:1001—4810 (2023 ) 03—0509—08

0 3l

Tl

THER A E IR A RGEER, 2R A
BRI, HOE | Bl ] 2 B PR B R, B A 2
Pz AR N Y R R L E R
LR 73, A B A, ot R AR 20
1 95% LA B, iS5 XL i A A
KA T2 e, X A N ERA5H | SZHeRE S MIE
AROLEE R AR I, [F) IR 32 0 | AR A )
JBU. FR5r . R XA E R A A Y 5
FLP) N LSRRI A ME SRR . I S IR o0
R S AR R FAE B Y A R AT AR

ik 55.72%, H: K A ALO;,

S (8] FAH G B3, 7

THEETHETVY RS
25 6] [ M 26 4E, ALO; Al MnO 25 8] H A 6 55,
AT . ALO;. Fe,0, Y723 [] 45 F 4%
S V6] 78 S P A 32 2 b 5 PR, R )R R
23 ] A8 5 1
15 WA R ) B A ) AR SRRAE, AT

FF R (35 R AR 55) #7 IR A8 (OSID ):

EEMEN . B, 598 38 BT 3= M 23 8] 73 A
FRAE, X 1 AN 2E R 3R R L B PER DL Al
YEFR FHERR B A A R

P b8 1745 1l DX A7 T 2 i e i ) ) A
T R bty e P A AR e S0 X, i v 2
PR 55 A 2R A IR) A e ol 58 M Y M X 2 — o W S0
AR A B T H A REE kiR R s, BA SR s
P, B B 2218, ek, KA ENL, k&
FREEGSY . Ik PR IR 1 T B I RN A S R BT 4%
T, 5 75 0 b X LA o B s ) S o
A 5T 37 53 6 5k ) B 2 VU e B R ke A0 Jo L b e A
KRG 52 1 o L R R, R IR S s TR

SEATHE . ER HRRREIEA T E (32160284); 177G F1AARM: L4 135 H (2020GXNSFAA297092, 2023GXNSFBA026336); /' Fi Rl BH B B

RIBHAINH (AR 2023YM68)

SE—AEF R A (1988 —), £, BYFRFST B3, W58 7 1l Ak AE S 5955 . E-mail: yuyue339@qq.com,
WEVEE: TEOE(1976—), W, W4, #F58 51, BF5E D5 1a): RoAES 5555, E-mail: tghel 18@163.com,

ks A #1: 2021—02—16


mailto:yuyue339@qq.com
mailto:tghe118@163.com
https://doi.org/10.11932/karst20230303

510 AR

2023 4E

XA KT YRR A EEE L., H
I, A W8 TR b D0 ) T 0 9% 2 B TR e AR TR &R
G5 s [ = R 7 =X, s PHAR S B SE T 6 Rt
Hi A FH 27 + 1 Fe, Ca, Cu % 23 FiB™ i oC R AY7AS
AEAFAE B AR, 6 3 rh o Ak DX T S g kb g
THERR . BOTER, Sl A E R R TR Y
S 1 5 SR AU AR T BT R 0 DA T b U o L 7R A
DRG0 W) T AR VR DL R S A
Y | At - SRR AR5 O 2R XTI I A5 )
SR LA R, 2R PR S R T P R e 7 R
S8 X0k L - A ) R A A T 40 A AR 5 AR
WFSE T AR e A SRR X 3R 2 580 ) i i =5
i) S P, FDR AR S T /N R 5T, 12 ) AR
S RUBE UM A7, RORUBE X A AF 58t s AN 1] 2,
T A XA G b ey DX R R i) = 38 ) ot
23 [ 50 A W5 A R ilt— 2B 5 . IR, AR AR 58 A
RRUBE DI &, 48 A PG b s el XA A o
8 X3, LA TR T A/ R A SR 2 9 4 B S
Fenhy, SRAG MG T4 G2 TR, W
Rr DX P A K T B 1 5 e KT RN s ) AR SR
I A A K S0 S R EE IR TR L RN
TFREMRR, BIEER K X IF, f2mvE s A
TR A0 W) 5 2 ) S R 1) BB IH LA B A K
23 ) S BT R e R 2R DA A e R X ) o
IR A ORI FH AN A 250k 2 S AR I S 2 (Kl

1 HREXER

VG b 34 XA T PR A 3R X P LR,
J& = St LAY X, HiAb 104°28'~109°09'E, 22°51'~
25°37'N, AL FE W A B 8 2 Mo gl 23 B (il X)),
Xy Ll Feb b 3, W) 2 A, #R
T K R 3.38 J7 km?, (5 4 XY 48.5% (7
b XA L AR AR M XY 65.7%, BB IX A LT
TR A MR 31.29%), X3l LA S 75 fity e DA 3o i 0% 30 4
56 R 3, Wk 85~2 062 m. Hb &b W7 By 7 XU f5
X, YA 58, 4E 3 H B 806A 1 968.6 h, G 7R 1
315.3 d; Sl A, AR RR 203 €, =10 C IR
7130.4 °C; [BAKEH T 6—8 H iy, AEHIREHE 1 178.
8 mm, 4EHJ R H %0 4.6 d, e KRN 67.8 mm-h s
T = B G, AR 25 K 12987 mm, T 5 H %K
181.2.d, T 454k 1.10, W& 3R M X 4= 2 A0 3= 22

PR+, A RO A KT aaaRk+, sEn
KA BRI 4T WFSE IX N 32 2 A B
HRAA: BN CEN A, N TR, B FEEA
P BES (Saccharum arundinaceum). 11 % (Imperata
cylindrica). 5 HF54T (Microstegium fasciculatum). 7K
Yt (Murdannia triquetra) 1 98 %t ¥ (Bidens pilosa)
hy RN ARE TS IS AL N A DL SR
B (Bauhinia brachycarpa). 2. %F 11 JR AT (Alchornea
trewioides). 5 3| (Vitex negundo)., & W K (Rhus
chinensis) F1 K (Pyracantha fortuneana) }j 3 5 44
FERR A 7 28 3 5 IR A AR 2 LN (Alangium
chinense). W& }¢ (Itoa orientalis). WA ( Liquidambar
formosana) T (Mallotus barbatus) 3 7 - B Fh
ROHETR SR N TARFE LA (Toona sinensis). 1T
. (Zenia insignis) h FELETERPHETE IS

2 MRFE

21 HmRESHH

T W 3 AR 0 DA b SOUR S B PR AR YRR A, AR
i B8 A0 I 0 A R AIE R T R, A 1R T A T
k1 100 km*(Z 24 0.1°25 25 MIA% ), 4% 0 A 338 1,
Z: B (IPCC I R k48 e )%t 22 Gt BEDLAMAE Y 121,
PR SR 24 A, R 7%, TR PR
PIAGE 7~8 AR R, B P e R IX
175 e o TESCPRR AR R v, MR K A 0 43 A1
W S GE B R G, 256 75 B A B 2 Y KR A R AT Ik
PEFNSE PR AT VRV, SR AE A 0 228 456 i ) 2 5 EL A B
BUPE I ELE 5 5 o0 A3 0 SRR D k1 9 X e
SO O A A B AR

RN CREET 2015 4F 11 H, HFFE GPS i
SERAE O AR, SR “Z7 TR, FELLIZ AR
St 20 mx20 m [ FE N SR 0~20 em BREE Y
SAFHERIBEA, UAEIRA R 1A LI EREAG
B L kg Zidi o [RIBS i siovl A oo B | AR R PP | B
AR RREM AR R BR Ak IR BRI YY)
MR ZR AR Loy Jo BT KL F AR KT, B A
i, PR AE T H B A RO . 43 B - 3E6E (SiO,). Bk
(Fe,0,). 45 (Ca0). B (Mg0). & (ALO;). % (MnO),
LA B 7 36 DL SCHRM, 445 HL T SOMI(TE 4% il 711 -
HFMMARGE) . 2R TNCEREE I IREE) . 28 TP(NaOH
I Rl BH B P B -5 Ay b ). &8 TK



Fa2k H3W

AT XA s P L ST DA K W B 25 [ 28 SR AE

511

(NaOH # filt - K M3 G BETHE ) . Bl 0 AN A -4 HC
). AL AP(0.5 mol-L™' NaHCO, =24 #5). AK i#
AN (NH,OAC ¥=2421%) Al pH (R FRLA7 ).

2.2 HiEAE

SC PR SR PSR SR AR S, BIVREAS 0
3 A8 o 25 UM S8, 78 I DX [R) A0 7 5080 34
NRESAA, 43 B IE R R R ME AR,
By AR SE 150 L K-S K59 (a = 0.05) | %
38 A OG4BT A B 54 BT 7E SPSS 18.0 #4598 i
et 2% 50 BT e GSHE A 58 1, PSR R0 45
TIEFE A FRARN N 7 2 R BGHETT LG, TR
S5 R B O SR

3 HRENH
3.1 HEALRIFEXARLIYT WRAEREST
S

AR L8 A AR PR G R A I 1 TR .
FE VY Jb v B RF b X A K +rp SiO,. ALO;. Fe,Os.
CaO. MgO. MnO W& & 22 78K, Hrb Sio, (5 48%f
B, Bk 55.72%, Hkh ALO,, 3% 5 T H3E6 )
[l ) 85. 22%, HEW & &8/ £ W&

H AR T RO, AE 37.50%~71.67% 2 [6), + 3
M RE 248 K 2 B AE T REFR Eh 45 M sl i Ve, A 5 i
B, AR S RAAHRT RN, AR 37.50% . §58E S e S Bk
JT . HEEIE R AR L A LT Y B AUk
FREE . WA VE AR 3R AH G, 28 S RAESS, 430k
71.67% 1 58.72%, T %% i T3 FE 4% FK 5312 3 1) 5%
Wi 4 R, HAR S R AR T MO, 3l i X S5 |
JEE R A K R K-S R THE S G 58, 78 5% 1Y
KB 7KF- T, B CaO 5 ZLEAT X B AL b, HoAw 4
¥R M IE 2553 o

3.2 #HAILEIFRARLIY YRR T BT REHE

HH 2 FHIEl 1 AT Y R P b e e XA K+
WY Si0,. Fe,05. CaO, MgO 78 53 pf B 1) B 14
L4 BT Sy 8 RS, ALO, FIl MnO 192 745 5 bR 5K
PR AR PER R, Herg 2280 R? £ 0.340~0.956 2 [a], 45
B R 22T A (RSS) , 16 BH PR ISR AU 45 i 1l oz e+
S ) B 0 2 (R S5 R A

— A AP A A 5 5 B HE Co/(Co+0)<
25% W}, 75 1] A8 Ry 5 B0 G 25 1) [ A OG, 1E 25%~
75% Z (BB}, a2 6] F A G, >75% R 5545 [H H
M, #F5EIX Ca0, Fe,0,, MgO B4 {H 5 S EAY
FLAE CO/CO+C) 1E 5.9%~21.9% 2 [8], 55 [6] A A 50

F 1 ARIT YRR S ITHHE
Table 1 Descriptive statistics of limestone soil minerals
W Rkt mAME m EE O BRREC e e sk
S.D. CV/%
Sio, 98.14 21.50 55.72 20.90 37.50 0.45 -1.07 0.070
CaO 4.59 0.14 1.52 1.09 71.67 0.98 0.07 0.000
Fe,0, 23.09 0.63 8.89 4.89 55.20 0.62 -0.14 0.169
ALO, 29.24 2.11 14.60 6.90 47.26 0.26 -0.95 0.134
MgO 2.75 0.08 1.04 0.61 58.72 0.67 -0.06 0.330
MnO 0.68 0.04 0.24 0.14 58.42 0.63 -0.14 0.145
F2 ARITHMRAFEFERFERSH
Table 2 Parameters of the semi-variogram models for limestone soil minerals

=g FRI Model Co C0+C CO/(CO+C) A FEA/km R’ RSS
Si0, B AL 0.091 0.227 0.401 317.9 0.956 9.00E-05
CaO R 0.069 1.160 0.059 19.2 0.779 1.05E-02
Fe,0, A AL 0.012 0.054 0.219 20.7 0.608 3.94E-05
ALO, e 0.332 0.332 1.000 216.2 0.502 6.81E-03
MgO A AL 0.038 0.380 0.100 12.9 0.340 1.62E-03
MnO L AEAREAY 0.019 0.019 1.000 216.2 0.467 1.779E-06
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Fig.2 Correlation analysis of minerals, main nutrients,

topographic factors and vegetation type in limestone soil
Si-Si0,, Ca-CaO, Fe-Fe,0;, Al-Al,O;, Mn-MnO, Mg-MgO, SOC-soil organic
carbon, AN-available nitrogen, AK-available potassium, AP-available
phosphorus, TN-total nitrogen, TP-total phosphorus, TK-total potassium, H-
height, L-bare rock ratio, PD-gradient, ZB —vegetation type
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Table 3 Principal component analysis of spatial variation characteristics of limestone soil

TiH PC1 PC3 PC4 PC5
pH 0.664 —0.157 -0.308 0.179
ALK 0.574 -0.581 0.042 -0.029 -0.067
B 0.569 -0.403 -0.030 -0.235 -0.259
Yy 0.536 0.395 -0.262 0.040
PR 0.133 0.780 0.103 -0.256
£ 0.750 -0.403 0.073 0.074 -0.146
K 0.728 0.404 0.267 -0.232
el 0.341 0.057 0.383 0.577
5273 0.229 —0.548 0.198 0.416 0.300
[FSEES 0.478 —0.388 —0.389 0.082 0.071
BeRE 0.081 -0.243 —0.602 0.332 0.103
TR -0.367 0.412 0.207 0.254
Si0, -0.733 -0.268 0.092 0.042 -0.222
Ca0O 0.356 -0.038 0.336 —0.564 0.381
Fe,0, 0.442 —0.324 0.108 -0.211
ALO, 0.431 —0.417 —0.041 -0.227
MnO 0.646 0.175 0.448 —0.144
MgO 0.522 —0.168 —0.139 0.248
REE(H 4.766 2.144 1.339 1.124
ST/ % 26.479 40.928 52.842 60.281 66.524
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Spatial variation of limestone soil minerals in a karst area of
northwestern Guangxi

YU Yuefeng’, ZENG Chengcheng’, SONG Tongqing’, PENG Wanxia’, HE Tieguang"”’
( 1. Agricultural Resources and Environment Research Institute, Guangxi Academy of Agricultural Sciences, Nanning, Guangxi 530007, China;
2. Institute of Subtropical Agriculture Ecology, Chinese Academy of Sciences, Changsha, Hunan 410125, China;
3. Guangxi Key Laboratory of Arable Land Conservation, Nanning, Guangxi 530007, China )

Abstract As extremely important components of soil and constitutors of soil skeleton, soil minerals account for over
95% of the solid mass of soil. They directly participate in the entire process of soil weathering, soil formation, and
plant growth and development, impacting significantly on the internal structure, exchange capacity, and fertility status
of soil. Studying the spatial distribution of soil mineral elements is of great significance for understanding and
mastering soil development, physical and chemical properties, and the supply status of plant nutrients. Because of the
special formation matrix and ecological environment conditions of carbonate rock—the parent material of limestone
soil in karst areas, soil in karst areas presents a high degree of spatial heterogeneity. At the same time, the shortage of
mineral nutrients may be an important limiting factor for the growth and restoration of vegetation in mountainous areas
of carbonate rock in southwestern China. However, the spatial distribution characteristics of soil minerals on a large
scale in the karst area of northwestern Guangxi are currently unclear. Clarifying the spatial variation characteristics of
limestone minerals in the karst area of northwestern Guangxi can provide reference for the effective utilization of
mineral resources and ecological restoration and reconstruction. In order to explore the distribution pattern of the main
soil mineral components in the karst area of northwestern Guangxi and to guide vegetation restoration and ecological
reconstruction in the relevant area, the spatial heterogeneity of mineral components (SiO,, Fe,0;, CaO, MgO, AlO;,
and MnO) in surface soil (0-15 cm) and its influencing factors were studied by the methods of classical statistics and

geostatistics. The soil samples were collected by the grid method based on the whole karst regional scale in
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pumping, foundation piling, tunneling, drainage in mines, and train vibration and in the studies on karst collapse
mechanisms induced by extreme climate. At present, there are about eight karst collapse mechanisms according to
previous studies, such as subduction, vacuum negative pressure, pressure difference, hydraulic fracturing, gas
explosion, chemical dissolution, resonance, liquefaction, etc. These processes are closely associated with changing
underground hydrodynamic conditions.

With a profound analysis of definitions and theoretical basis of karst collapse mechanism, this study proposes that
most of the above mechanisms can be attributed to seepage deformation of soil. This means, under the action of
groundwater seepage force or dynamic water pressure, some particles of the whole soil mass will move, causing
deformation and destruction of soil or rock mass. During the formation of karst collapse, the action mode and direction
of groundwater seepage force on karst cavities roof soil will be different because of the change of groundwater
dynamic conditions. The limit equilibrium theory of soil mechanics considers the roof stability of karst cavities, which
is the last stage in the development of karst collapse; the effect of surface load is only to shorten the time of ground
collapse.

Finally, it is pointed out that due to the practicability of water-air pressure with high-frequency sampling,
accelerometer and acoustic wave sensors, the research direction on collapse mechanisms will be changed from
hydrostatic pressure to hydrodynamic pressure, a challenge that should be faced with. The cavitation damage and
resonance damage caused by pressure pulsation will also be the future research focus, and the corresponding critical
seepage deformation or damage indicators need to be further studied the prevention and control of geological disasters

of karst collapse.

Key words Kkarst collapse, formation mechanism, seepage deformation, hydrodynamic pressure, cavitation damage,

resonance damage
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northwestern Guangxi. The results show that the content differences and variance coefficients of six mineral
components in limestone soil of karst area in northwestern Guangxi are large. The average content of SiO, is up to
55.72%, while the variance coefficient is the smallest (37.50%). The sum of SiO, and Al,O; accounts for 85.22% of the
total six mineral components. The spatial patterns of the six mineral components are quite different from each other,
and fit different models of mineral components. The spatial autocorrelation of SiO, is medium, but the autocorrelations
of ALLO; and MnO are weak, and their ranges are long in good spatial continuum. CaO, Fe,O, and MgO are
characterized by strong spatial autocorrelations with short ranges. The spatial distribution of minerals is closely related
to the main nutrients and topographic characteristics. The spatial variation of Al,O; and Fe,O; is mainly affected by the
altitude. The bare rock rate is the main topographic factor affecting the spatial variation of SiO,, MnO and MgO, and
the gradient is the main factor affecting the spatial distribution of CaO. A principal component analysis show that the
soil mineral is an important factor affecting the spatial variation of limestone soil, especially SiO,. On a large regional
scale, various topographic factors affect the spatial variation limestone soil minerals, and hence impacting the spatial

distribution of limestone soil.

Key words minerals, karst, spatial variation, limestone soil
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