a3 Hed
2024 4F 12 A

#
CARSOLOGICA SINICA

i

5 B Vol.43 No.6

Dec. 2024

JRZRBE, Se T, 3K 5, SF. m 0TI BRI IOR ARG AT S L] A, 2024, 43(6): 1287-1294.

DOI: 10.11932/karst20240606

SRR RERREKKAEUSFERAR

27 = 1,23 s 4 12,3
B Rz ORER K K, E

>> 1,2,4 1,2,3
F oS AE T, 2

1,23 L 1,2,3
o, Fgka

(1. BRFTRIFZ R LA REFRALEGAZIMPS L ELELRT, =8 LW 650216; 2. =H 5 R
LM R EFRIRFALE A SR B AT EERT (H), =@ LW 6502165 3. =& 4R %
Wz, =d % 650216; 4. =& EAE R, =& L 650051)

W OE RERIEAE RORAL TG A AR A S, SR 1072~1 957 Les ', SRR E . R
FHEGHR . W4 . ZE KR 30 55 T vk X e R 38 KR KL I R FY, 45 SR AR WY 0 08 4 b 300 2% 1) Je 2K 98 At
Ho— B R TR A 5 SR 12 K IR J] T K T L o ROz N 8] 55 B T LR O R, A2 I R M T A
JE P, A% 1) S R A SR B K A G R DLV B A T A5 A O T, ZE RN K L T R AR i
PR, W20 M 2~3 h B R K IR B, 22 3 B ) S KA PR b T A B f (L, RS B
B R R, 205 TR b T IR B AR Y OO BT s R U K A T4 R DA B 4 2 A Sl
ZE TR I RS T — SBEA /N, W NS, 2 R BRI 2] B TR CEART o SR T K R AR T —
TR IE, AN e 51 L B WS s/ o TR SEBRAE R, SR K Sk 4R T 4.4 m E I R I/

REEIR : I K RORS ZEK KA BT = MU

BT 0 I ROR 1 ZEK IS, BIF TS e BT S RS, T ) IO P TR] % i S A T A, K67 A Al

B R
KR, HBLUROKEERS
B 525 P641.73 X HEfARIRED: A
XEHS:1001—4810 (2024 ) 06—1287—08

0 35l

T

TEA Az, AR AR T, R i &
A TR AT AT ROR MR I R . P A
FIRTIAR 78.1 k', 58 T4 LI S AR IR 04 B
FEHETIR, DAL 8 A5 R X 8 {1 7 e LA A Ay 480016 2R
I 2% X B kK B L E K IR . AT 22400, K5I
SR K K 12 B Y 2 1 (4.4 m) , HOR AN (B 34
I, BERT 51 S T We kb E 1 AR 4 000 hm”, 2038
HIZRIRIN L 2.1 T1 hm” HEHL AT AR, ST Aok

BERhI H : E A E SR TR L (2016 YFC0502502 )

CHZRT P, (EA ) M B IE 2 UL I AR S B T T Y S L5 ZE K I 2 3

FF iR 2 (R AR 55) 479888 (OSID ) E

T 8 000 hm” Bkl fry HEW 1) B, e A0 45 AT
N 343 J100 SROKOK Sk 2 R el 2 5 RS JE i1 7K B
TR . ENAREA TR A RIS E
BTN DLW KK AL S A FIE 2 B0
BTS2 R K g A AL . R B AR, A
{19 YO 388 oF 36 T3 7K SR P 5 S YR KA £ 78 AR AT,
AL 28 7K T 5 TR S5 B B 7K A 8 25728 A A
WUAR AN A SR Ao i R 55 5 T R AR 2 K 3 ) 7K
B IE AR ABIESE, LAK [) 28 B 5 0 KR AR
RIS %

SE—AEF R JHARI(1972—), L, B TR, 2K TR AR TAE. E-mail: 407528806@qq.com,
W KB (1964 —), B, IE R TR, 33 NFK TIHHFIMADIF T4 E-mail: ynsghszg@163.com,

ks A #1: 2024—02—10


mailto:407528806@qq.com
mailto:ynsghszg@163.com
https://doi.org/10.11932/karst20240606

1288 AR

2024 4E

1 KRE#ER

KR IER LB VI AR K RGN FREZ
—, SRR 1711 m, RO R AR K R A,
ARABLAANIHALEE B (Tog") W Y, LAK ’AlSE
H(Ty) W VA AE R BR K 1 A, VG &8 LA 2 7 7K
WAy B, RN T AR 115 km®s SR AL T b S 30 %
It BEAR AR 1 LT, UL A B EE, A8, B
BB b - IH T, S5 IO &R (Q) whb AL £, JEE /I
T 15 mo RIS — ) PE AR RS 1, W=
R, FESKZHA SR NIHASE B (Te") B
RAZFME —B(Tg") . 3 =B (Tg) 2R ICH .
H =K SRS Sl 2 K . SR
TOKIZAREBMEVAARES), BKEERK T
KT 12.1 Los km o #MATRIL X 754
U ARCAE RS A g N EEIX (& 1) .
FERFER IR R Z B KB ARG N, FKIE LK
FERBIRANG R RIREEMANA R Z —. HMAX Y
R AR R 22 70~100 m, SR AR HILR
) g U AR SR, AE L0 | R R FE A, LIEHLT K
—HB 3 LAIR T A R R, T B | B R IER IR,
TR AAEE 352 2 T LA B 2R gk 2 1) Z b
WARTIL, A K B AR R . FHKRIEREILL . BERIER
SRR BRI 45 R CUE i ih 4 “HgRy” | DL
BIEHL N T, K SIBEE 1.43%~1.62%, PG E 144.82~
176.45m-h ' " Jz RIE KRG 1072~1957 L-s ',
AN RB18, MRS, WL KR & 323~
433 L-s |, ARE R B 1.3, MERASHL

2 EBRKEWHIE

KEHBBETIHASE =BRERIKE . Ak
WA, AR PR — B 250°~290° £ 26°~34°, 5 H 54
BR R E, FEAE N 60°~80°, 300°~320°, 340°~
350°01 3 2 /= BT BB, B[] R — i 30~80 cm,
AR P TR I B S N 1 T £
20~50 m, fHE 10 m 14 12 45 2 5 H 7 S0 B 0 ek
ZEA AT, FE IR DMK B TR HA TR R B 2 5
K, Wi ERBGERE TR AT T 4 &R %
B3 AT A R R i e B (8] 2) 5 3l ) R R)ER
FEIRR T T3 B AR (— MRJEBE 0.5~5m) .
SR F A S ) 2 R0 52 2% . AH B 3% 58 1Y AR B -8 R

Gt PREGER. WIRTTRIZE G 30T, KORBEEILES, A
Wk B WAL LB I R 3, B O iR,
RQD /NTF 40%, £ L1 2 76.9%, 71  4.6%, %
T EA— 0.5~1.5 m, fix K 4.7 m, i +2F 703, JF H
G i) UV R R L AN AT e, DAY
VSR ) R B LR B, Rl
TE 40~70 mo SR 11 B 3T 3245 38 48 1 5 1) JL PG, HEVR
20~30 m, B2 Sm ZEAT . KIR AT & B AT
55 H35), LB &, 50 0 5+ 8L, 8L o
SEH&, RQD H 63%~77%, EifLiB T 2K 66.7%, 1% i %
1%, AT/, —EHAR 02 m A4, e K 0.6 m.
RS LAV B Ry 3 e T R B A R R B4 A i,
JEE— KT 70 m,

3 ZEKXBEHHE

SR A I R SR T i T 3 A O, 2 K 5
177 BB, BUZE KR AU AR zk3 L A&
#8500 kg 5, 3 A AE K IR L zk2. zk6. zk10. zkl11,
zk12. zk13 L 4 30 min I 5E — K& CU & & M
HLF 3 IR I BN A5 A CL & i S R L 5,
1 zk11 LA T2 B 55 o

2 IR X K IR R AR SR 1 AT L, SR 1T ZE K s
A Kk, IR S O O AR AR S . 5
Tt T2 F AR, SR 11 ZE KR 6 KA b T ok
FERRHIAE 0.66 mo ZEJKHT . J5 247 T Wl . 7E SR
BT A 16 AN F KA (RRT R 7K A8 ) UL £L, FL
TR 15.1~45.1 m, >R A9 RO & 7K A7, 08 I L 55 e B
5380 m( &l 2) o ZEAKHTXT SR F1 AU Lk AT — K
G K A5z, 2 7K IF A [A] B 10 min 3% £2 000 3 7K, [6]
B 30 min LI 5 U, B 1 hOUIN 1 IR BARE .
ZEIKIRE [ 2004 4E 2 H 24 H 10 B4R % 25 H 10
Aot & o, S g ORI SR 22 st ] 24 b 3d R EE, 450
WKL FIR T R E o

4 EKERITIR

4.1 ROMIBIKGLEFE

KR KT, B AR A B . AR KA
AR, B zk1 FLAN, BT 15 AN FL K A7 248 F 5 1
IKAE 0.3~3.0 m( S H R W AR ), e m K A7 zk1 FL7K
AR 1711.56 m, HOh KR KA bR S 1710.92 m,



Fa3E Holl JH AR B

TRV B R FE R IRZEAOK R S AE DT

1289

1.0 km ‘.

/

T.g

JiARM /

// .
! i \
4 /

{ "1' ‘ : | Q|1
A'\j(’h%lh Il Q\zg Tf Tf

NN !I e, T

{32%% 107‘ /: ,
S~ — ngd ng,d
Q @vl 70 e
B1 EREXRAMEE

LAMHA d BBA = 24 HE a B, ¢ BORS 3ANHE b Beb e 4. RGP JES 5505 WU RAAECE 6. B2 7R 70872 | HEIUWTZ 8. BT, FRER, £8
TR (Ls™) 901K AR, A7 AR (Ls™) 10.367KIF 113 KT 12 E0E A8 TS 13 RG050 5 14K Pk

Fig. 1

Hydrogeologic map of the Pijiazhai karst spring

1. dolomite at Section D of the Gejiu Formation 2. limestone at sections A and C of the Gejiu Formation 3. sand shale at Section B of the Gejiu Formation 4. sand

shale of the Feixianguan Formation 5. loose sedimentary rocks of the Quaternary System; 6. attitude of stratum 7. fault and supposed fault 8. upwelling and

downwelling springs, and flow rate (L-s ') on the right 9. sinkhole and water gushing hole, and flow rate (L-s ') on the right 10. ponor 11. direction of groundwater

flow 12. supposed karst conduit 13. system boundary 14. reservoir and seasonal water body
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Fig. 2 Contour map of water levels of boreholes of the Pijiazhai karst spring

1. the Pijiazhai karst spring and its flow (L-s™') 2. elevation of iso-head line (m) 3. contour of head increase (m) 4. direction of groundwater flow 5. zone with strong

karst development 6. observation borehole (The number is on the top, and the hole depth is at the bottom.) (m) 7. boundary line between the limestone of the Gejiu

Formation and the Quaternary System
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Fig. 3 Schematic diagram of variations in water levels at the outlet of the Pijiazhai karst spring

1. earth fill; 2. clay 3. limestone 4. solution fissure 5. zone with intensive solution fissures or small karst cave 6. flow of cave conduits 7. fissure flow 8. level of the

hydraulic pressure 9. flow rate of groundwater (indicated by the length of line) 10. vortex
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Fig. 4 Curve of response to water level in observation points
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Study on the variation characteristics of backwater levels of the Pijiazhai karst
spring in Luxi county, Yunnan

ZHOU Cuigiong"**, CHAI Jinlong', ZHANG Gui'*’, WANG Yu'**,
HE Raosheng'*’, WANG Jin'"*’, LI Jihong"*’
(1. Key Laboratory of Geohazard Forecast and Geoecological Restoration in Plateau Mountainous Area, MNR, Kunming, Yunnan 650216, China;
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3. Yunnan Institute of Geo-Environment Monitoring, Kunming, Yunnan 650216, China; 4. Yunnan Geological Survey, Kunming, Yunnan 650051, China )

Abstract The Pijiazhai karst spring is located at the edge of the upstream Luxi basin, where the terrain shifts from
steep to gentle slopes. The spring's recharge area covers 115 km’, where the recharge runoff area is the white water
karst trough valley in the upper reaches of the basin and the peak-cluster depression area at the edge of the basin. There
are more springs in the white water karst trough valley but the dynamic is unstable. The main aquifer formations in the
spring are dolomite and limestone of the Triassic Gejiu Formation. Although karst development is strong, it is uneven,

leading to significant variability in hydraulic properties. Besides precipitation recharge, leakage from the Baishuitang
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reservoir is a crucial source of recharge. The hydraulic gradient, from the Baishuitang reservoir to the spring outlet,
ranges from 1.43% to 1.62%, with groundwater flow velocities between 144.82 and 176.45 m-h™'. The spring discharge
varies from 1,072 to 1,957 L-s”' and remains relatively stable. By means of drilling, geophysical exploration and
backwater test, the water levels of the Pijiazhai karst spring are studied. A total of 16 boreholes were drilled near the
spring outlet, with depths ranging from 15.1 to 45.1 meters, and the maximum rise in backwater level reached 0.66
meter.

Results indicate that, despite the intense karst development near the Pijiazhai karst spring, the distribution of this
development is spatially uneven. Horizontally, the analysis of joint fissures reveals four major karst development zones
composed of densely distributed caves and solution fissures. Additionally, at varying depths, these dense zones of
caves and solution fissures are also present vertically. To the north of the spring outlet, karst development is intense but
uneven, predominantly featuring solution fissures and caves, with some caves diameters reaching 4.7 meters.
Downstream of the spring, karst development is relatively weaker and more uniform, primarily consisting of solution
fissures, with fewer and smaller caves, the largest being 0.6 meters in diameter. At the eastern side of the spring outlet,
a significant karst development zone is dominated by solution fissures, which generally exceed 70 meters in thickness,
and are widely distributed. Overall, at the area near the spring outlet, a complex and interconnected network of fissures
and conduits have been developed. The Pijiazhai karst spring exhibits a certain degree of pressure resistance. Prior to
the backwater at the spring outlet, the water levels in 15 nearby observation boreholes, with the exception of the
upstream Borehole zkl, are consistently 0.3 to 3.0 meters lower than the water levels at the spring outlet. After
backwater, the water levels at the spring outlet remains elevated compared to the levels in the other observation
boreholes. The increase in water levels around the spring outlet during the backwater process, as well as the response
time and distance, do not exhibit a direct relationship; rather, they are influenced by the development and connectivity
of the karst system, demonstrating significant anisotropy. Notably, the spring outlet experiences the most substantial
rise in water levels, while the northern upstream area shows a relatively larger increase. In contrast, the southern
downstream area exhibits a rapid decline in the amplitude of the rise, and the eastern region experiences a smaller and
slower increase. Upstream of the spring outlet, the aquifer structure is mainly characterized by fissure-conduit systems,
which show substantial and rapid water level rises during backwater. This often results in a 2—3 hours of groundwater
"surge" phenomenon, initially marked by a rapid rise to a peak, and then a brief decline, followed by a gradual rise to a
stable level, forming a "double-peak"” pattern. Downstream, the aquifer structure is primarily a fissure network, leading
to smaller and slower rises of water levels during backwater, typically showing a more uniform "linear" rise, with
occasional short-term anomalies of water level decrease before rising. When the backwater height at the spring outlet
maintains within a specific range, short-term fluctuations in groundwater levels may cause the spring water to become
turbid; however, this does not result in a significant decrease in discharge. Engineering practice confirms that a rise of

4.4 meters in spring head does not lead to a noticeable reduction in discharge.

Key words karst water, karst spring, backwater, dynamic analysis of water level, Luxi county of Yunnan
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