a3 W6 +
CARSOLOGICA SINICA

2024 4F 12 A

i

5 B Vol. 43 No. 6

Dec. 2024

T F. B am R RAE RKT X T KRG E ZPE 1], P EAE, 2024, 43(6): 1223-1234.

DOI: 10.11932/karst20240601

TZEEEaSARKT Xt TT/KESZHE 214

i ,-? 1,2,3
(1. ARFTRIFZHRLIIFARERRAES AP EELEEZRET, =& ZW 650216;
2. ZH A B RLRMEREFBRALS ASEPELEL LR T (5),
=@ 2 650216; 3. =& B AIALE, =& A 650051 )

B T AW IROKE XM K RS R AR R G M IS A OT R | AR R T
HARE I R M H AR I 2 o0t AR BEDLYE BT S BOr o7 | 2878 . BRI 55 Hf I % 25 B8R B ¢
P SCE MR K R GERY B A RSO ST ESH  S KA BER L TSRS e 2808 DY A D TR SR
BT A I ROK AT X R K RGeS A, O i SR S o A, BB TR OKET X R K R R
ZVE Y SEUIE, LA KON 5 ROK AT XML R 7K ZR G852 2 PR AIE A JE R AL A o AR X 7 IOK B X 3R
IKFRGER A AER R GEINR, S5 5 0 XK SCHE 5T 4 52 B b 9 )AL, 338 T BRAT MLAE rh K S R 1R
S T BE VY 45 b D0 A 181 2 K D A1 o v A 1) 06 AL, DA oK Sl Jot 2% 1 52 2 4 DX B8l ¢ 42 ol 7 )
A BVE A RUBE, () I 0 BT BB T A o 3 32 1 1 il

SRSRAA) : K SCHL T S VR D5 iR K R G5 S AR s U T K s DR

BYHT A AR IIE 1A ROKE XM T K R G M it AR, BRIV R K R ST I SR L K SO
G5 L KA B R B TF R WAV o A3 BTUAAN TR OKET XM T B GE A 2 MERRAE, 15 1 K
SCHB 5 2 A 52 2 R B B 95 b D0 A 9 A B0 B DL, DA B K SO B % 1 52 2 4 DX AR 4 o R RE 1Y BT

MR E
i E 52K S P641;P694 XERFRIRED: A
XEHS:1001—4810 (2024) 06—1223—12

0 35l

il

KK X 38 F8 5 53 K B K F 10000 m*-d
™Y, ST AR TR S K E B K AR 8 4 bk
I 7 S T00I T FORG BE 45 22, KK XA A AN g
Fe T HAR BT K S AUE, FENE T HKIZNE
KSR #G TR AR B AR A . K SCH R
ARIEFREE SOK SCHE T BT HAT 48— 4 4531 B A
AN AR HEME SR A R UK R G, AR SO AY HL
KRG RN N5 2 A0 R AT G A G i 40
P, T R R PR B X, A0 41 i 5 ) s 42 2%, #4)

FF g B2 (R IR AR 55) #7178 (OSID ):

1z 25 AU, IR SIS, OB AR HOR, A K
ARG RERT BRI KRG E Ak
P4 DX R S 5t A ST (Y T2 BB E I K, 2
W GU AR @A . S5 50 B PE i A9 7K 2 H
PRI B IRK TAEM B BRI mmm R
O3 IX FE R ARE 102°LUR AR X E AL A
DR P PR L 2R IR DX, X0 T B4 TR 2R
Bl R =V Ly R s Ly, A A5 PF R,
PRI o BUA AT 2300 24, FEEEAT L
530 24>, 20 DIATE & K)Z FEK 8 ERIETIR, ik
KT LAA 4 JE FIREIR AT 111 & 22, Geit 7 Sk

WEEhI H . R SR H IR (2016 YFC0502502) 5 25 B 4 HUT O F 454 BiiA R 2 # Il 3i H (2013—2020)
EH TR TF(1960—), 3B, T, #URH R T RN, EZMFK TR, 5FELASHFSE . E-mail: ynddywy@163.com,
ks A #1: 2023—12—02


mailto:ynddywy@163.com
https://doi.org/10.11932/karst20240601

1224 AR

2024 4E

MR 18594.67x10" m™a !, R KUK B X K SCHL 5
A A R B AR I Ay L LB | 0 A
Hi L UG T B X ) 5 5 B K 2 B B B A4 ST K 1)
R PR AN i A X
PR E A TR e LA b, 10X B — A F T
HARHEAK, B X T 7K 2R G2 2 44 1 E A0
RBEIAE . BE LT ST R K, 595
KA DRI I 47 IR R ) TR A, — 2 J R s L T
R B KK PRASAH 4R B TF %, S50 7K SCH BT 5%
I 2R PR PR AT B 1) 52 2% B B2 4R AR, 7 LU B IR K
MEBE B 2 Ik | S SR A N B R . AV AR A
TR Tk b e P L RS X8R KB AR R
BLO AL T B IR R, Bl A T SR AT AR W )

TEVR, B UM A AW R, KB T A ROK L,

IR S JET A B 4 ) R R R e 1R R A A
TAER"S BRIE T ROKET X K R G E A
P S mpT I K e B A ], AR E AR AL
LA VI AT ATERS A RO X T K R &5
S ZMERYBIETE 32 BB X &K 2 E VR L RHIE | K
PEAVE KRR AR 2 | i 28 AR A A BB HILE B 57K
FAFREEEOITE, AT Xt s £, &
GEVA B LA, ARG I AR IR X R
KRG IR R G HTig IR, FF R K SCH R 4%
PRS2 AR L VE O 48 b I A 5 e 1 S Bl e s o AR 2
PASBI i R RO DX H R 7K R S8 B A58 R 1)
AP

1 MTKREHNESRMN

ARG RN AE R G MR R OT R |
ARG 2 N T B AR B R A AR 2
JutE . ARLAE . BENLYEPT B TC R . AL L RIS
HEWT IR 22 R IR HET 0 AR R R B AR
SRR USRI TR
TR AN THET B8 5T B A ks BT
S22 ARG SR TR TN = ) e | T TN S T A |
BERRTRIVE & HE T AR A B S OR BORH
LA R 7 - s . 5 T L T B
AT R | 25 T e T K SO o B 5 b Jo 0
L R R P & S T S LN R 5 W/

WX HL T K RGN R Je R BRI R G A A

JK SCH FTEEAE KA BRI R MR RN A R
IRZTERIE Lo

1.1 REBLREGESR

FRXTCIENAET R AMERTIR A8 RS
PRI 53 A DX, B 1 5T 4 FH a8 100 el 34 3 8
Bl MR AR W R, EH T KRG A FEA
R HBTE 43 7K U B AN B0 P | AR S o Y 2 L Ml
JO 03 S B PRl — ) 1 S TR g 2o R M RN B | i ALK
Bl 7 B A 22 AR A THT

T X MY M A e 2, R T A L ARl A
FUE s & B, e e Ll e fap e 25 | 1L ) 2
ST WENREAY | WM G M A R A AR ]
HE . T ABESIESRREIT 24, #ok, ER
U 3 M 2 A5 LT H S %) S e 3 5k 22, MR OK &R
RNEF, BUA T X HIE 2 7K 08 A B, A B &
TEAT R BRI IR XL AR T . WTEEAR S
Vs e DR VI B Ll Fe b | g DA b RIAS 4 X (9 1 2
FELE. el LB X, 76 RIWrE Y I 1
Vi) P 7 DX A il 7 0 S AR PRI

FE DX K SCH BT A R4 v, RIS T B4R Dk
FEWESE T SR R K R B R R T
WYUK KBS . H ARHE K 0 B A 5, 2 PEA /K SCHb
FA R 4 PR I EE B . AU XK SCH BT )
2 MHILIE F17K 22 00, A R0 b R 7K 28 40 4 v HE T
S SCHE M R I BT L WS OK T E N X R
PEE . HSCBR b 52 e (] vk FHRE . R K 2447
F L FOKEMBEK)Z G ) B2 s Ac L DLz
FI AN [v] 45 2 114 452 ok 5 v 92 o 04 93 J2 1 ol A FH 5
TR T A [R)06 P0 TR B AR AT AR Y 1l T K AR T, b T
AR B B 2 2 B G AR o s B T A
X H T AL A i U i A, R A S DA R AR
AT BRI A5, 8 TR A i b T 7 HE i 35 o 1Y) b
TSR R TR Z o 546, 21, Liin2E
SER A, BE A BE AN (R A VAT 20 R R A 2425 7K 1
TR AR S AR . AN ST S JeV L 2 B A
P KA TH S X R T —5kKn
MH—"Ef) B F I — Gk SCHL BT IT N, AE R
S5V K AR HE T S 9 Y SR KT LK B TR,/ ) g
TA] Re 7K S b R R B LIRS ) 2 R A T T R AR
P EEE 100~330 m AR PIE A . S USRI
WA RV 0 B PRV SRR S X
HRAG I R K HE M S 3 7 S o AR i BE v 2 Ab

AR IS R, W R A ARAT. A



B3t Mol T T WEHEBUEEROKE X T K R I A 1225

TR s A T R U T OK R AR
B RS CR) i TR 58 FIriE S8, 1k Se i) vk
ML Z5FRE A . IR ZS FE3E . Jusf ki Pk
AR Ak, HiR ) K RARAE A LR BT e, BRA K
BRI, WA BHK . KA TR Rl
il Ik 0 M S CAAR) R 2 R ml s 5
AN, VA RS TRV BE 1) 0 2 I e A A8 A A5 3mSR 3
IS 1I  &7 DAL i 5 i-aa ot e N i D i N N [ B 27
FU= AR A 15 A B S, 284 . V4G, B /K 2 Giy)
WS RS ol Wr T A Z B IE L T K FK
A, 2 7a R AKAR e S K2 s | s
XBUK S YLK G ARZHK R SE Mk &
AR TRAR T T, 5T 4 B R 45 44 23 [|) 22 4K
Fa 3 0 5425 PU AL BE 1155, H e b 82 3 5 0 0™
T, UL N 4 0 e Ay PRI o DR I e S s A
THL T KRG FAA R IR R E P e R R
MRS IR T IR 2 A E R (Pyx), 57 I IEH
K 267.0~542.0 m’-d ', JFUE /K SCH BRI RN
SEBRES K2 TR K R TR RS, 2011 4 12 H
TER XK FER4Y, 1340 m /K ER 3 =47 1] 4638 45 2
F9 W2 0k AXTHE LA 70 m, 72530 3k )8 #2511
TR, PR e | b ) 8 S B s R K R A
ML, 212 A 17 HESA R LA K, HKEZ) 20000
mh o SR AR P AR R R K S b 5 A S A A
TE R T R FE K R JE Y e A A e

12 REZEHERST

W R K RGEEH AR B R Z L S KCE A S
R4l SRR K R | BRI PR R0 4 b ThT A 23 (8] 2 5 T
o AW IORE X PR RGNS 2k 23R
BRI S K2 S AR Al R R (40 LR AR i
UCLESE R T SR YRS AL | W) S S M | KB
P, HE R RIS HENE . 2281

2 Z2 W 7R s 3 5 UTRRE IR, i IXOE
BT Z2 AN R A AR BR R R 5 -5 5 A AR TR A A
IR, LRl s 2 T A AR AR K L
HIE AMETE SRR R K . AR EKRE
KN 22 S Bt A5, AR R )= BCA AR K —
fic ok AR, BARXBRK)Z . MAHUZ A 26 L 1
Ped Rtk 2 R BEBUIRSS A A, LB S KR E S
P22, B LXK R GUE B R R R K 0 5 AR
o P, E K FR G835 /K )2 2 4540 32 % 1) R

Z 2L, HA5H R 5 7K SCH BTRAIE 25 RS AEAR K

1T g S R, 5 DX A HlL I A 2 (] ]
RSN . e B S PR S B, AT 2 RS
LUy S N T R R, S0 2 W AR 3, 5K )2
2 75 [k R B 20 2, WA 14 00, A AT sl ol VTP
Ao I EAEA T OB 2 fil iy A5 T A6 A8 38 18T 1Y)
YL, T T AR 7 18] FZ UK . AN ] 48 k) A o 1) 3
KA AN G, (R KA IR IR |, K S
WRF )z BN E R, AR E N R
ANsREL, KR K WK Z G ) 19 4% 1) 5 1 A n i
F o P B Bt R Y 25 S v R R B M, R EOANTR]
EF 3 119 vy 25 R AR5 0 AT A6 AN [R) 7 e L
FECLEAS [F] AR BE N AR [RGB T AT o b2 A 5
e 1) 43I, A T L Ml bR X % B B 2 R
ST sl i £ TET DA R R A T )2, R e b
BUZA MR R EW . AR E W s i1
R 7K R G AL JZ R 3 TR a5 2% .

FIREE SRR IIRZ Z8W ., HERE
g1l S TR T K 2 BRAZ LU A6 N 5 2 R A5
FEAEAE 5 SR T ROK T DX i AE A o AN Ll v
EEYRE . BRI IR AR E T B A, A
B K RG22 R 22 W7 S0 s 5 ) R0 ) s i
S, R Tl EKIR B RS RIS
KH, W Lol oy 3~ AR B W, KK A
B R s SR S A R G TR R AT, A IR RIS
W, H R A, 25 SR, K SO T 4
15 2R Ay P R S8 2

1.3 KN BEBRAEE

F A R R A A TR N AR 2R S R A
7R AR T DR, S I 25 SO R A 23 18] B
TSR R Z AL AR SIPERAE o NI 7 B0A
BORE GG S BRAE S ] BB A, R 3
IKAEFIK 3k 2R 45 1) SRS o Bl B O A S
UERH, SHH ROKET X A 18 52 2%, A1l g s
FHSREN, VR R Sk A 3 v Sl 1 3 s Bl /Y
KRE AR, RAE T oS A AR B3, NI a
FORBEACE T L7 om AL, i B AR A S0, H
R L R L RBTRY A O T MR | I
P KL K L K P RIK T30 2R B8 H A 4%
] SRR

HIROKAT X KA B AN S 1k B R



1226 AR

2024 4E

AR BT K & 2R A Bk 04 rp a8 E i, 25l
T2 B FLER . 2B 1O & AR/ . A
AR AR R A TR FOK EKZ I, Jol AT
FKEKZ R, MR HACE ) | &
H R (Zydn) B 7K S K)Z, 1R X8 =R K
PRSI EE S K2, B R IX A ELFH L g T
R 1) KK E& R b, il 5 05T
IKEER 70% 7oA oAb T e FE L bR A5 IX A B i FL T
PR, F =BG 4 =B R (T ) K
ALK . KIS 2R X R85 2 a3
TOKZE . BKZEBRBEWMAYS, MR KT K
ARETE M, B B BRI ILA, i fLie
TSP Z MG 2~3 cm BIRLRE . B2 3 cm B AL,
A SN EEFLIS 88 T 0.3~6.7 m AUV, JC 701, 4 ik
Rk A AL i T 5T WPD1, WPD2, WPD1 3t I
Pries 4213 m, A7 5T KGHE i3 A 8 B AR YT A bR
4153 m Ay WPD2 #, WPD2 & if it & 0.707~
24922 L-s ' IEJEM TR &1 & & IS pe7s | bl
B 75 AR MR Bt (9 R iE, 1A B0 A . R AR
W TR A AU LA 31 40 A BH 2 22 /K 3
Hp @R Y, @ H BT, W R
HER PRI L B ALK SCHb T 4 5% L AT S 7K SCHB TR
SLINFN4 171 K SCHb B R 06, SR o5 . 2R A 2%
JE 4 A At K S o R = A5 22, (BAT) R RE 48 7 4R
AR IE, DABGIH R A LR K & KM BT
SR /N, B 7K S 5T ) A S 7 T 15 B, 0 B0
KBTS R A o SR T Y TP SRR B —E TR
JEE TN R, AR SR 7K AR /NI B BT, — 36 5 3] 4
AR E, TR/ N RO BB L R E R
AR B 200 A YTIE, 05T K 2 R 1 T Y
IR, QSRR HE KA AN F7, 5 2 KA F RS K

1.4 FFE 35003 LT

R TR % DA T kR 9 3
SEERTIVRIEN, LD Wb | R THH TRpef
B TF AL B U TF RS A 02 T 5%
I, TR TR0 36 34k 3R 5 J Tk
SRS 0 RO B T2, 300 0 R ]
MEMLSEE T D T KR A

ST, 5568 I TR, B R
10 5L 5T T ) K S 4L 0 WK 38k
AR, YRR (LA Tk S Ak R, 18R BUK

LA B FOKBETEAE, (0 BTIRKOR IR | i 48 F 7E /KR
FEEME 2, R AR 5 AN T2 G ME A KR
Gio JF4h. SRIUE. DI, 1] oR A5 ik AR v () R 1T i G
AN TR B2 () AR 4 | e 7K i S8y R 7 ) 4 T R 2
PR R, DT ik &2 57K S, T H & A 04 B 2 A
558 P RIS AL H SR BEALYEAR SR Y . SRS X E V571
S B 5 KA TRIRE K 2 G ) 38 48 X
KIS, 23 T8O T KAMNA Z i R A RAR, B
Uil /K AR . BB HEK T8O T KRR TR, B
SRR, T B S| kS AE | MO SR EG, A
FUE S A BT K . AN, A BUK B Bt . TG
FUAME  ARRE R T 0 X M K RS0 Ak
PE o WELZR Hb X 48 2 T B BT S OK, A RIS
T 4230 A T RO S K 2B, B SR 3l R i T 2R K
RS W R | AR S BRI RA B, 1EB
TR AR R SR T, 10U & J hy 48 v A48 3 I 28
Ko WINEFEZFHET, FREN SR L5k
FHAHAPHERMWZ, TREZSRFEHF 4L (Pm)
W ESR AV RIE K2 . IEFIEOLE, -4
FIER A XA S HOM/K A, i 0.04~0.86 L-s o 2009
12 A 17 BHAEE R RET I3 T1 8% v 8 5% v
2515 em YRR, RBUKE AR -, 2 12 A 18
H 75 2480 /D 578 K, I ACIR, 115 187K S
WK, B BRI, R T A RS
K B, BE ZE7K X 500 m &b 4 8 T 30025945 S5 7
A 48.38 L-s il iy /v, = 12 H 21 H Wi, 2 12
A 22 B R aRE, SRR 13, 35 2 8
WAL o Jey R M T B R AP sh Xt Tk R G R
PR R TGI8 e O s AL T B AV T DR B
Eb 09 i S BE LSS R & R T AL
(Pys) 2 TOUR AR B3 K B 7K 2 i B 5K )2,
B AL T 55 2 R A s TR B] 42 72 /K 15 7K 2 R B
IR ERAFLB S K2, B KA —; AR A 42 78K
FKIZNARBAMBI RN Z R EEBSKZ, &&
HREIK, B KE R A —a . R K R SRR R R
AR Z B G5, K SCHb 5T 2% R 2 AR B 4y B8 Ry vh A
2017 43 H 10 H, 1309 IKHds &4 T 58K, 24 HF-
YK B 200 4291 m™h', 35 R A BT R R
1309 T A i S i 4 45 48 5 S K W2, 76 R R K
F4 38 % 3 R R 2l g g A R VE TR, B8R K 1 W 2
TR B MR AR, BT R AR T, &
U YRIEENY/



B3t Mol T T WEHEBUEEROKE X T K R I A 1227

2 HERISLE| ST

ST S 3 W R S ROK AT X A2 A 9 S,
IR KR L S ZR PR I G fdtiid . A
SCF B IUE A PRI S, TSR R Y
SRR B PPEYEEET O AT 0 AT, i A S )
ST AET

21 ZREFHEEY

LIPEYRE B X R AR ZY 8.27 km?, 1% 3] BE 1
CFAL A X, B X 5 Rl AR S PSR X, TR
IR 887~2194 m, AU, PHILFR S /K 1Y Ik 11 2%
BOA AL AR AR b 3R 43 7K U4 5 e AR G b 3R 43 7K U4 A
B 7K R Ge 1 A, U ARG B A AT R T A2 X
VR K Z G0 B JR 3B K i B VR L, K T AR
67.28 km’, B T 24 M B MK AR 1ok v (2 887 m)
ZF, WA F R R R . AR R 5 )=
o, EE AR TN ST EKZ, FEOKE IE R S
WAty L T A TE N REBR R B o TR R X TF Kb
% 610 m, H F IEH HEZK & 23000~28000 m’-d '; 1] 7Y
KX FFRebrim 2 503 m, I T IEHHEZK R 4500~12000
m’d ' BRI AR TR E R S5k kF . |1
JE 35 K [l SE 2 A T B AIE, A IX Ml 36 43 7K A 5 3 R K
F G0 R AR PR 7K 2 B R 2 B R IR R R K A i 1]
NG RNHE T B4 S 0 I, 18R R R R
IAE VS 7K Jry 8 HIE itk 2 o R S, R A 5 s K
Tia) A 120 5 RT3 o 0 1 3R A0 K I L 7 X
REA XK 5

ML 2R T B &R PRIAPD . AXRZRTFH
WAL (CfHRPTTE NBRK)Z, R T &R ARER.
RHRE = ERESKIZRIAIK IR SR A
AR 2 A, $8 7 T X g b ) 321
SR 30 A AU AR mEAb . dUTE L AR T A 1) A0 Uk K
SUMIR T P2 R 7K 2 1 58 R 1 R S, W)= S
M) 17 325 KA 3 PR R T, B LR K R A A7 S
] S RS I, 45 0 S K 2 P T M A AN
AR TR R, i FAK RGN A KT RGN H 5%
it TR =4k

= JRBRIRER 5V T K 2 5 P20 8 S AR P
K e A8 B I ] EOIR 5 K 2 A, PR L 8 A8 Ak T
RIBE B2 )2 S KZ S5, BWIE s Kk, Bk
FK BN PE Y 22 5, o] KB 48 AR 3B

MEEBKFRGE(E ). AT E2EAWSE s, T
KT R G R H K DA 2 i B 7K 2
TALTAEANG B S KT RS LA 4010 ek,
WX K R AR ok e L B R F A SRR 1500~
1979 m, 1172~1367 m, 954~1000 m =>4 . W
TR A FL AR B8, 4R b I 1 LR K ST R4
2 910~700 m, 630~250 m, 300~220 m — /i i A
Balr. & FRKZHMMEN G SR LB i
FHZIN, TR T R 52 = T 7K R G454 o

TR R BB AN 5], A K Z R X
M U b L KA L A 2EAE R A, IR 20 R 2L
MW EH AT, — BT 1.5~8.0m, & 1.5~10m, K
2~5m, WAGITHAR 74 4, 4 7.12 4> -km , i
H 34 4k, S 3.44 4b km?, % KIR 28 Ak, SEEY 2.77
b -km, MR ERA IR IR R 12.90~130.52 L-s
I B 0 i 25.34~60.09 L-s ', K 9 HL Sk SR
74.60 L-s ' (EL B 1), B S B R AA . 0
X LB He 2R PU AL B 3 LI R T AR /Y
I 8 A, TR 0.3~4.02 m. A FLIEK IR 62.9% Ky
IR BB K 2 /NT 5 Lu, Hig K 60 Lu, 7 4 1
VTR BEANEL T, 58 B 7K 23K B & KR AN 5T

Z IR Ll K SCHb B R R B W48 7R
WIS BN R R AL 2R T AR [R5 7K 2 4 1)
() B 7K B 555 328 K 0 L, YAl SR AL T &S KR
] B 7K 18 &R, KAHEK B B A v 1Y 85 T R 3,
PR T MR KRN AR AR S5 . 2012 4F 9 A
7H, R AR 1hEZET 5.6, 57 MK HE, &
HS, T X B, R B0 L e v B, 3 L T,
I3 B A T K R 4 38 3 Mk 3 i, 4R 7 I HEK R
% 34000~43000 m’-d ', {HA" 111 7K SCH T 4 4 50 A2
. HATRAR B X OB % — B o TR i L, JF
W ARG T F AR LT, K IF 4K 310 m,
FEH it T 28K KU 7 38 . 20194F 3 H 2 H, W &R A
(X 430 m H B e HpL A 2 78 1 ARG FLAR K R R 05 5
BB, A8 KRR S TV BRI K, AT K
B2 30 m™h ' KT I K, J5 K I R
IFJe B IR, FlE AR T A4S BRI ZE W) A T a2
10 h J5 7K R £ 24 5932 m*h ',

2015 58RI B IREYVEED X 9.07 H iR J5 /K SCHb
JEAIFSE 5100 2R F DX e 3 25 B 2 Kk St o T
Eh SR DX K SCH BT 55 1 52 2 R B 43 70 o vh A5 T 4
FRE R, AU T 400 X N K RS R Ak



1228 o A A 2024 4E
A /m- - fE/m
1500 - 11500
1 400 L1400
1300 1 . P/ L1300
1200 1 T @Sm-lzoo
1100 TN - 1

1000 A
900 4
800 -
700 -
600 A

500 - -
PR T AR TR
RESKE

400 1

W
/ ~

- 400

1

300 ——— A ———== :
B ek T
L WEERKE S 1R

300
Aok L AE - KR
N 1] g

DD MR R RS [ MR KA

E1
Fig. 1

EFRILERBITAEN XA REMTERHE(FEEEE%,2016)

Schematic profile of hydrogeological structure of the lead-zinc mining area in Maoping of Yiliang,

northeast Yunnan Province (Li Jinxiu, et al., 2016)
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Study on complexity of groundwater systems in the karst mining areas with
abundant water on the Yunnan plateau

WANG Yu'*’
( 1. Key Laboratory of Geohazard Forecast and Geoecological Restoration in Plateau Mountainous Area, MNR, Kunming, Yunnan 650216, China;
2. Yunnan Key Laboratory of Geohazard Forecast and Geoecological Restoration in Plateau Mountainous Area, Kunming,

Yunnan 650216, China; 3. Yunnan Geological Survey, Kunming, Yunnan 650051, China )

Abstract A mining area with abundant water usually refers to the mine with a pit water inflow greater than 10,000
m’-d"". In view of the unevenness of the water-richness of karst aquifers and the poor accuracy of predicting water
inflow, the definition of a mining area with abundant water should not be confined to the specific values of water
inflow. Instead, it should be defined mainly based on the conditions of high water-richness, abundant recharge and
pipeline flow of aquifers. According to the standard of hydrogeological terminology, a hydrogeological unit is defined
as a groundwater system characterized by uniform recharge boundaries and conditions of recharge, runoff, and
discharge. The groundwater systems described in this paper belong to the same object and category. The Yunnan
plateau refers to the western section of the Yunnan-Guizhou Plateau, and, in a broad sense, encompasses Yunnan
Province, which covers an area of 39.4x10* km’. The karst contiguous areas on the Yunnan plateau are mainly located
in the east area of 102°E and north of the Yuanjiang river in eastern Yunnan, and the northwest and the west from
Baoshan to Cangyuan. These karst contiguous areas total 11.09x10* km®, corresponding to the upper Yangtze massif,
South China massif, Sanjiang orogenic belt and Tengchong orogenic belt, with superior mineralization conditions and
abundant mineral resources. Historically, minerals in karst areas are primarily exploited above the erosion base. The
mountainous terrain typically facilitates natural drainage, which has led to a lack of emphasis on and research into the
complexity of groundwater systems in mining areas. With the growing economic and social demands, the exploration
areas and mining areas are continually expanded, and are increasingly extending to deeper areas. Some deposits with
abundant water that were previously challenging in exploitation have been developed. This shift has transformed
hydrogeological conditions, evolving from simple to complex or even extremely complex scenarios. As a result, the
challenges associated with mine water control have intensified, and the requirements for exploration have
correspondingly increased. Therefore, it is both necessary and urgent to study the complexity of groundwater systems
in karst mining areas with abundant water, enhance the research level, and strengthen measures for exploration control.

The complexity of a system encompasses the characteristics such as disorder, sudden change, detection errors, and
inference errors, which arise from the pluralism, nonlinearity, and randomness of its constituent elements,
organizational structures, influencing factors, and their interrelations and interactions with the environment. Based on
existing research and exploration findings, the complexity of groundwater systems in karst mining areas with abundant
water is mainly reflected in the intricate and variable characteristics of system boundary conditions, hydrogeological
structures, properties of water-bearing media, and the effects of mining activities.

In karst areas, the geological processes of mineralization and subsequent transformation are highly intense, and
the geological conditions are exceedingly complex, no matter whether the deposits are endogenous, exogenous, or
metamorphic. The complexity of boundary conditions of groundwater systems in karst mining areas with abundant
water is mainly manifested in the irregularity of topographic watersheds, the multistage nature of erosion datum, the
diversity and invisibility of genesis—tectonic types of geological boundary, and the variability of boundary

hydrodynamic properties. The complexity of groundwater system structure is mainly manifested in the diversity and
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variability of karst aquifers, non-soluble rock aquifers (bodies), primary and secondary structural properties and their
mutual relationship. The complexity of the properties of water-bearing media is mainly manifested in karst aquifers,
which are not only strongly developed but also exhibit significant variability. This variability includes the direction,
scale, density, and connectivity of karst caves, conduits and fissures. The characteristics of water richness,
permeability, and hydraulic connections also display prominent anisotropy. The influence of mining engineering and
mining activities on groundwater systems in mining areas is huge and far-reaching. In addition, the design of mine
shafts, mining pits, and development engineering often requires real-time adjustments in response to changes in ore
bodies and mining technical conditions during the mining process. The disturbances and impacts of mining engineering
and activities on the water environment and groundwater systems are also difficult to predict accurately. These
influences have increased the complexity of groundwater systems in mining areas to varying degrees.

This paper systematically examines the complexity of groundwater systems in karst mining areas with abundant
water. It provides a detail analysis of typical examples, along with a visual representation of the distinctive
characteristics of these systems. This paper discusses the complexity of groundwater systems in mining areas with
abundant water. It addresses the challenges encountered in hydrogeological exploration within mining areas. The
discussion focuses on optimizing and adjusting the evaluation indices for the complexity of hydrogeological conditions
as outlined in current specifications. Furthermore, it emphasizes the need for quantifying evaluation standards and
establishing a reasonable assessment scale for the exploration control of complex hydrogeological conditions in mining

areas. Besides, the paper offers recommendations for revising and improving the existing specifications.
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