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Fig. 1 Hydrogeological map of the mining area

1. Quaternary porous (permeable) aquifer 2. The Middle Triassic Beiya Formation karst aquifer 3. The Lower Triassic Qingtianbao Formation relatively water-

resisting layer 4. The Lower Triassic Emeishan Formation basalt fissure water-bearing body 5. Intrusive body 6. Limestone 7. Sandstone 8. Ore body

9. Fault 10. Synclinal axis 11. Channeling 12. Groundwater flow direction 13. Karst spring 14. Karst cave 15. Ponor 16. Karst depression

17. Small stone forest 18. No. 2 adit 19. Scope of mining right 20. Exposed mining field status line
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Fig. 2 Elevation distribution of karst development
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Fig. 3 Photos of karst morphology in the mining area
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Fig. 4 Vertical distribution of solution caves tapped by drilling wells
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Table 1 Petrochemical analysis of the rocks of the Beiya Formation
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Ca0O/ MgO 1.43~2.00 1.44~27.23 1.38~53.26 22.38~48.01 21.08~85.53  15.52~19.97 4.14~7.49
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TER— 200 h, A & AN, HIRRE % W B SR S S AR T

SRR, BAR A ICA LR BT . H e A Bk
H, XKWL E4 BB R)Z NI A & T AR
SN 3 S I N 1 N R B T T
10.09%~18.6%"" . &It 2l — B BRIR S VR K &
¥y dipCE I b L BT b, AR R EEL
WA, B — B S B bl ) B —l
HIERE, ~BAEIL U, el 0ZK13 7 —
Bt 5 B 4% bl 1 514.21~1 484.65m, 1 482.07~
1479.54 m bris K B, hjetba i,
222 MEXNBEEF O M

et s X AE Kk s b, Ab T =y i S5
TR S5 500, eIV 1) 4 VI —£T I i
T Il 1 e | VA W S8 R I 2R 1) T YT A L R S
)1, AR DX 8 T 3 B A 3 R R F2 B2 R BN S M e

MIBFFE, 456 i 1 2ol X N 5 1 & 8 R4 b i il
WAWREY . R A LT WL BINaA 3
REW . XNEEMEREIRE, K-8 BAE
B AU R B R, 2 1 b % 5 e B

(1) a3 XAV & B 7 Il A4 il o A 3ot J2 42 il
FIRRBNELERR, FEREX A KT R
IR B A S, & F T =S5t
TSR B (T,b°) Ay XS IS S 53 . 4% 26 LU T 35 1
Fy WiZZ T R E , XG0S SF 3 TR 1 2 450 m By
EW #3548 &7, 450 m 2 W) Y 10 BEV SN M v 28
KA 5 B s LR AR 1835 m, K > 100 m,
B& 6~15m, [ 2~3 m, EEYT NE, NW P #4287
R E, MK, THRIOK.

(2) R R SRR T . X NIRIREL &
TR AL R B, AR /N, e LA



1178 AR

2023 4E

URKE) Y 328 2 PRS2 ), 5000 20 i o R i L, o 5 4
WS4, & Y 2 ph BT 1 000 m DA b, T2
S KA SN g, R AR A, W SR AR A BE, AN

TR AT, RS0 — R w D i) oK,

A N T K b 2 X o P48 58 22 A A it il 48
Wik KRBT, AR T AR AT, X A E 2R
AL AR 1R, U 1o AR AR T [0 PR K | e
AR A, HT e B LA T s 68 A R AU

BRAEWTTE DX AL A PRS0 M IX g 56 vy | I TE B

B —7 3w WP AE A6 A A R i, Dk
WK E, KB KRG, MR 7 e il
KE, RO B TR M5 L1 2 1A 14 4,
KERE 1.5~42.0 m, ZF + 71, YRR A L
JT 5 2T B b T B TRT Y, R B O P 9% 8 b
Ui KB A MR RGP, A X PR S E A B
TR AR A5 o

G)BrRZmME SRR E . T XA FEER
SN 1] . EW [1] & NW [n] i) FPE W34, 5 iy s 8+
BHOEOK, DI Z2 MRS . R B A N E, IR
SHUE, BIEARE, (HAEW R MR R R, A
AW, HERE, AN TARKEE 588, Hil,
W XA SN ) 2 8z 11 7 24 1 8% 1 4 R B T R
SR TR VE T By, S50 & B XG0S SF A L i T
LIPS IR 5 A7 T 7 284 52 i oy 1% 880 B FL 39ZK35 7E AL
% 58.91~69.21 m, 188.24~188.83 mik , 55ZK30 7&
68.48~77.08 m Ab 344 5 A I o DX PN BT 23 5 e 4
AV K BRI, 6T 1L 88 R X R WS F fE iy
WAEIE LK BHEEKRT 400 m, HIEHRAHBE LT SERZ
AR —E 22 5, R T KRR, WL R AR
SRR IS, R R B i /<

(4) AR A AT . XN ESh
ML B 1 A A B BB, 43 0ok i LA
LA R, RPHA KR, T AHREA, fFEEERS
LA (T,b) W il 067 52 55 AR L 25 A i 201 g
JEER AR AT o T ) L 4 o e iy 24 1 800 m, i

5~60 m, B AR R b LR AR A0, ] W-SW,

A X f AP R, 2 AR KT52 /Y 32 20K
FAR0L. I TFRAEA AT, E AR BHAKAEH], 45
fil i RBR AT, W F Ko R X — S L, JF A
R o SRR, T R 2N, FREE B AT IR
IR T

223 WK EEL A WA

FIRIEA KR B A BEAS [ () Hb 55 5B A7 1 A2 Ak,
8 R 2 [ A3y REAEY S A X PG A0 A R D L —
1 2 500~2 700 m. 2 800~3 000 m. 3 000~3 500 m &
B0 =R, A A E R AL, F AT N
AL VEAKIR, B AR T I 22 R, H T KRR IR,
VIFE FLs 3o £, B SR K AN A X, 7E 1 800~
2500 m = BRIOAS L P . IR EE R B
VS, 32 B b AR T ) R 45 R BN T B, MR
KLAKEAZ 30 32, I HE R KR IX . 76 Y iz ik
FEUETAT 1 694 m Ax = ML R 2 & F LMY A L %
T K AR T, HLAE R phEEVETT 1 694 m bR LA T 7
WAL E, #ifL 56ZK21, 32ZK24, 32ZK28., 4ZK7,
0ZK13, 31ZK6 Y7 1 640 m Fp i LA T b2l = Bt .
B AR EE VR, VR me AR AR 1 479.54 m, =00
FEEmMLD N AW AERERT 150 m,

W DA KIS Az | At SR
SR, P X R K B AR 3 SR
31 HREWEHTKESE

AV A T 0 R K AT AR AR AT
X EILM A ER R SRE M EERRE S, &
N 1 2, IR T 25 A BRI BRI S8 s ety P 284
BRI LT, M T KB BANE T R A,

DX PN BT 24500 1l 7K G2 B8 RIS kR 5 ) 22
TN A ) 2R VG 1] W RS O ) oK,
HWZ DB . W72 b AR R R ) AR 1
FHOKRBUEE, XN P L3 R 7K A 5k R Y
8T A P ) AR AR G D)2 ) S R PR A 1 T A
fiE, B BHAK, PRV & B AR X PG A 1L 33 SR 3
ST 2RV K SRR T W B, W W R R A
B WIK I EE . B an s P VR e LW R
KB AR (W001), i fE 93 L-s, i X Fg T 4%
PET) Fyy W7 24 1 3% X M5 25 K, i i 50~2 808 L-s ',
W DX H S Fos T2 52 MR AT A 5 B, 378 90 Los '

3.2 mHERM TAKEE

AL X K B KA R T BHE A,
ARG Iz B 5R AL, 5Kk T | SR IR AT, KR



Fak Holl

SR MRS IR AL &AE T MR KRR 1179

Bt N R, N IX AT K AR T R AR
PEANAAL A o ACAAT 1) ARHAZ R A, 32 B i e Ui
7o, MR A T BB 1A% SRR, AU R R
A AL 3 T WA, A AL fhr T R KA 3 (8] 5)
FEAUHT E AR | HEME X, Jefi e A K AL T
VKA R, A R B AT 8 50, T8 e v A B R 1
WL, S ML, AR il /K 2 [ R A

W DX AUl 20 S K R B AL ARG 30 s (3R 2) 1
7R, LT ] R 96ZK51, 64ZK29. SY2 %5 6
AN El LA T KB 0.065~0.869 L-(s'm) ', B 1% 25
0.206~2.316 m-d ', & 7KWk H 55 25k B UK 7 T A
38 AL FLBA AL I K 0.027~0.109 L-(s'm) ', B 1%
F%00.029~0.082 m-d ', & /K PESS, [ AHE E KR
JE v T L, TP Bz A Al v b il 1w K BB

2200 - | £2200
AP a7/ 3 ! KR
2000 - L2000
£ 1800 1800 £
el et
T 600 1600 “E
1400 T 1 400
1200 1200

0

200 m

Q | mmRilmakz [Q|FNANLARAR TR h=aguumar s anakz [N b

g T AR AR
HIX K2

| | g

U At S Tk

Es JtEimftEkaERnrEE

Fig. 5 Schematic profile of the water storage structure of the Beiya syncline
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Table 2 Aquifer parameters obtained through pumping tests in some boreholes

e Hoste i 2 ffj‘if’ﬁ)i Pmad Tl e f{mﬂfjﬁ% mER
96ZK51 0.869 1.589 40SC14 0.040 0.029
727K 18 0.065 0.256 40SC15 0.033 0.035
64ZK29 . 0.228 0.339 247K3 0.072 0.037
56SC08 LR 0.128 0.206 237ZK11 ESVAES 0.038 0.056

SY2 0.326 2.316 39ZK9 0.046 0.051
63ZK21 0.150 0.366 67ZK12 0.027 0.082
40SC20 [EFSTES 0.050 0.070 792K 12 0.109 0.082
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Table 3  Statistics of water inflow in the open mining pit

s i) LU B/m’ SURARH/m BRI /m™d BMAK i /m*d AR md
20124F 880 868 1690 3645 345 1734
20134F 1153254 1670 5490 375 2564
20164 1266 478 1630 11125 1000 3246
20174F 1335089 1620 12 000 2250 3887
20184 1420 964 1610 11750 2375 4918
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Characteristics of karst development and water abundance of the Beiya
Gold Deposit in Heqing county of Yunnan

HE Xiang, DONG Xuelan, YANG Chao, LIU Peng, XUE Bogiang
( Yunnan Gold and Mining Group Company(Ltd), Kunming, Yunnan 650299, China )

Abstract The Beiya Gold Deposit is a typical karst water-filled deposit. As the hydrogeological conditions and water
environment are expected to be changed by future deep mining, the water inrush risk will increase if the roadway is
exposed or connected with the karst zone, the underground river and Guochang river. In this study, comparing the field
investigation of regional hydrogeology and the geological exploration data with the actual production, we analyze the
karst development and water abundance characteristics from the aspects of lithology, structure, landform, etc.

The study results show as follows. (1) The karst forms mainly include stone forest, drainage cave, karst
depression, solubilization trough, solubilization gap, karst cave and underground river. (2) Lithologically, karst in the
second segment of the Middle Triassic Beiya Formation is the most developed, with the purest fine crystalline
limestone containing 41.52%—-54.77 % of CaO. Karst development in the first segment of the Beiya Formation is
restricted by limestone and siltstone. Karst is developed in the contact zone on the side of the second segment, while
not developed on the side of the first segment. (3) Karst development is mainly controlled by structure, and the
direction of karst development is consistent with the NS, EW and NW tectonic lines. Karst is more developed in the
fold axis and the warped end, and is relatively developed in the zone affected by fault and the contact zone of rock
mass. (4) Karst development shows the characteristics of vertical zonation. Funnels and sink holes are developed at the
level of 2,500 m to 3,500 m, grikes and solution grooves at 1,800 m to 2,500 m. Slope valleys, karst caves and
underground rivers are developed at the level of 1,694 m, while karst is still relatively developed below the base level
of erosion. The lowest control elevation of the cave is 1,479.54 m, and the depth of karst development below the base
level of erosion is more than 150 m. (5) The karst water abundance shows its synclinal confluence pattern. The Beiya
synclinal water storage structure plays a key role in karst water enrichment. The zone affected by fault and the contact
zone between rock mass and its surrounding rock are also conducive to groundwater migration and enrichment. (6) The
spatial variation of water abundance in karst aquifer is large. From rock mass as the center to its outward direction,
radial water abundance and permeability can be listed in the order of weak-medium-strong or extremely strong. The
rock mass and its proximal annular ore-bearing alteration zone shows weak-medium water abundance, while the distal
end shows medium-strong water abundance. Some parts of the area are extremely strong in water abundance. (7) The
underground river is developed along the axis of the Beiya syncline at the level of 1,740 m to 1,694 m. The Beiya
Formation is composed of sandy limestone. The possibility of karst cave or water inrush of the underground river will

increase if the mining passes through the fault zone and the syncline core.

Key words karst development, structure, groundwater, Beiya mining area, Yunnan
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