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Abstract: This paper is the

[Objective] There are many tectonic karst areas with complex karst hydrogeological structures, diverse recharge sources, and
abundant groundwater in the eastern part of the Qinghai—Xizang Plateau. Analyses and research of the recharge sources and details
about the controls on groundwater cycling in the tectonic karst on the plateau are important for guiding the development and
utilization of karst water resources, protecting the ecology, and preventing and reducing disasters. [Methods] Using information
from field investigations, flow measurements, hydrochemistry and stable isotope analysis, we analyzed the groundwater recharge
sources in the karst areas in the eastern part of the Qinghai—Xizang Plateau, considered the factors that influenced the recharge
sources and recharge progress, and made recommendations for the development and utilization of the groundwater. [Results] The
results showed that atmospheric precipitation was the main recharge source of the main karst springs on the eastern Qinghai—Xizang
Plateau. There were four main recharge modes, including direct recharge through high—level fissures, continuous recharge from
high—level lakes, continuous seepage recharge in catchment depressions, and river seepage. [Conclusion] The different recharge
modes in the eastern Qinghai—Xizang Plateau developed over sustained time periods because of the coupling of internal factors, such
as the history of the karst formation and its evolution, the geological structure, and the lithologic combination, and external factors,
such as the meteorology, the landforms, and glacier movements. From our analysis of the characteristics of the water quality and
quantity of the karst springs, we developed three categories for the development and utilization of the groundwater resource, namely
karst springs with water quality in classes I —IIl, the development and utilization of which can be expanded; brackish water, which
can be developed and utilized after mixing with other water; and salt water, which can be transformed and used for developing

tourism.

Key words: eastern Qinghai—Xizangplateau; geological safety risk investigation and evaluation; tectonic karst; groundwater;
recharge source; supply mode; karst hydrogeology; development and utilization
Highlights: 1) The recharge source of typical karst spring in the eastern Qinghai-Xizang Plateau is summarized and the recharge
mode is established. 2) The internal and external dynamic factors affecting karst water recharge are revealed. 3) Three development
and utilization methods of karst water are put forward.
About the first author: MA Jianfei, male, born in 1987, associate researcher, engaged in research on hydrogeology and engineering
geology; E—mail: majianfei@mail.cgs.gov.cn.
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Table 1 Main carbonate strata in the eastern Qinghai-Xizang Plateau

X B BT FERRIR A L )Z
RE—FX (DD P. K WiEH (Pg) « FHH (Pim) « KBERE (KEd). FKRH (KD
KR (Zys) « EEA (0,0) « KB (0Sd) « AER (S,s) « LA (S . #
BEE (1D Z. S. D BH (DLpd) « FEHIMA (Dy) « MFILH (Dgw) « WLA (D0 « FEEWA

(DCx)

N (€ ,xb) BT (€5e)  WNENZIFA (O,,w)  #KFLRA (S,g) « BiTtdl

(S,58) « FEBY (Spd  #BH (D T (D) « A (Do)  BRIGEH

TEH (D) « FXFAM (D) « ZAEH (Py) « WHERA (T,h)

RIS (Tydde) « HTAAL (Tyg) « RERAEL Te) « WARLL (Ty) « Wk

B —AE D €.8.D.P
(D) « RSHEA (Pyed
Tt (V) D.P. T
U (V) D. T BEXRIAA (D) « WERA (T,b)
HE (VD T. J M (Tyh)
W (VD Pt. D. C

JEHRCARE (PaNg) « AR (Dy,s) « WS (Cn)

] b B A1 | A8 JH AR 48 1) =S A~
JZU o e (/R 25, 2021; FARVTAE, 2021)
EHUREAL . B R RAERE . TEAKIR | IS
LA TR MR 2R (5 A EE, 2000) o FEBER Hi5T
Fa TR A R VR S FESE, T 8 R AR R
PRV F O 2 W 55 (B2 2 K55, 1996b; 25 HiL A
2%, 2002) o 55, 7598 = AR BB A VA 32 M 1 5
M R REIE B o BB HE LK, AR N R B AR A 1 52
MXNEE. WhBiERENEmENASRET
L K RN 25 B HE AR 5 15 Sh I 24 6 R R %,
TE DX R IR T B W 24 & K M5 A9 4 a5 (22 1)
44, 2021) . B, ZZEFRETFARMER R,
AN TR) M XA 25 Vs K MR HE S RS TR) A AR . T
TE URB 27 S 32 KA AR K LR b 45 L PR
IR I HEM (Th 81 A 2022) 5 4% B LAV S5 B 1 4b
7 PSEEEN (A 0] 445, 2021) 5 SLHELR b X 5%
KRG PR AT, AKAR2# 268 R SO,-Na #Y, /K i
36°C (7K FI4F, 2020) .

3 Wk S A SRR

3.1 HARFA*E

TR SR I R FH T TR - A R I o IR A
“h FP111 4% (GlobalWater, US), 145 i & €
JEH 0.1~6.1 m/s, K5 A 0.03 m/s.

SRR SR T 2020 4F 4—5 H B 2021 4F
4—5 J1, LB Bah TR 0. FE SRR
fF, i FH 2 2 %0K i 43 A1 {X (Hanna Instruments,
Ttaly) 8L 37 KK AR IR . pHAE . A S R ES

B REMFEMIFATRH 6D 5 60 Wik, H
FHEF 2K A HNO,, ff pH (B2 2 DL
T, RS . PPAREGSAE S, H
B et PR A

TR B4 3 BT e B AR B2 R AR R /K IR K S A
B O SE . 6D 5 6"0 MRAAE B AR T IR
TOKBR S TREE RS W5 5087 W
(Maetal., 2022),
3.2 HHEFKIE

DGOSR IR T 1:25 J7~1:20 J7 [X Sl 57 i 25
BRI 1:50 T3 DX 3ok SCHB TR A iR, G Rk
U5 T B R IE B8 o0 (http://data.cma.cn), Hi
B R B T P2 (8 55088 2= (http://www.gscloud.
cn) A FEE
4 EEIRANMEIR S M TIT A
41 TEERR

WFFEIX oA Z2 K0 i B 100 L/s B9S2 o
XL s SR ARG T A M DX LA — 2 R A
IKAMG X AR e . R AL A 6 TR —
T4 D) Ryl F A R . A TR (D) 3 ST
AR AT ESE A E DB KRS R R
AR H U R, AL T 50as (V) i gl s
FKHEM, AL TEEHECV ) B IR it SR AR IR, 67T
S E VD) B2 og S AU B IR, DL KA T ik %% (VD)
HEET IR (A 1),

XA IR 6D 5 60 K A& 4T (K 2) AT L
B, K5 SRR T R AR K R BT, R

http://geochina.cgs.gov.cn FE ML, 2025, 52(1)


http://data.cma.cn
http://www.gscloud.cn
http://www.gscloud.cn
http://geochina.cgs.gov.cn

EEE 1M

Th AR T e AR TR LA A VA b R KA SRR L B BT R Y ) 5

—60
=70
—80
-90
—100

0D/%o

—110
—-120
—130

—140

—-150
-20 —-18 -16 —14 -12 -10

0"0/%o
O TR EHH IR
Qingquan village spring

o TR
Yudongzi Spring

O KIEVAE TR T 5TR
Huolong Gully spring Yarigong Spring
AR o Y HEET
Genjo spring Naqu discharge zone
o Rk o iR
Enda spring Niangqu spring
0 AR o HHIRR
Ronggong spring Xiali thermal spring
o WHT R

Piaoda spring

2 A% 6D 5 60 LR (GMWL—2BRRAREKL;
EQMWL—5 8l i J5UAR B R R K £k, 51 A 25474, 2018)
Fig.2 Relationship between 6D and §'*0 (GMWL~ Global
Meteoric Water Line; EQMWL—Eastern Qinghai-Xizang
Plateau Meteoric Water Line, after Li Weijie et al., 2018)
FZR PR KA %K (Fu et al., 2018; Zhang et al,
2020, 2022; K5 2024; JEBEAT 4, 2024) . {HK
EKIEAE N P RCA I 5], TCIE AR S5 I R
IR o PRI R S K AR Sl B R L vk
TRIK R L KA G BT, 2019; K]
4, 20212 M 44, 2021; 61 KEE, 2022; Wang et
al., 2024) BARTE 2Ok FrEedb 1110 . 2 B Mk L 1

JE AR g, LRI A T K
42 &FAFR

ol R FEMER RS, HBEMENT
B KA, NI SR R H, 2021 4 6 H SEi &
927 Liso SIKKALZZEH A HCO,-Ca-Mg #4, TDS
CARLVA i M4 (B 150mg/L, °H 2% 2 13.8, BLH
FROKR IR B AR, A, K FERA TE
WX P RERAE . W T X B K 55K (1000~
1600 mm) . SRIKEEKIE R, FAEBUZ R K |
KE U, ArOKRERrE LIRS E M R O LA
FARIZEO O JL=—HFBA, 19802) .,

43 BERWEBRR

TR IR R TR T AL AR B Rk
ZH(St) . 2021 4F 5 5Lyt 168 L/s, Hinw sl
BONEE o RIK KL # 2 A HCO,-Ca #L, TDS
{H°M 195 mg/L, °H &k 6.8~7.1 TU, B IR KN
BARAKAM S, BLAR T ) JE (XB 422 45, 2012; B8 R
355, 2014)

IR R, T R AT IR AN 2 E R PR,
H—JE IR 3700~5000 m 7 L XA vk S gl K A
W, VA RIS T i e iy B3 & 7 R B
F14) T 1) L B RS B A D 45 5 S R R e e 2 o
PRI (3 A7 AR ) M 1) b 25 (1] 4) (Bh 8176
4%, 2022)

SR RS 76 FU T A 12, TR SRR A R SR A
p QNN oy R 0 = N RN W

po(h) =3 Pixpi(D) (1)

KA P, R/ KURT 5 He s, JC R, D21 P = 100%,

KA
Limestone
[----] &
Sandstone
=l
= Fault
/// 0 B 12
Runoff path
H R
Karst spring

P 3 il 728 (a) BAMA TR R REAL R R (b)
Fig.3 Yudongzi spring (a) and schematic diagram of supply process(b)

http://geochina.cgs.gov.cn H1E LT, 2025, 52(1)


http://geochina.cgs.gov.cn

2025 4F

KA R KNG b

& th 8 Limestone Slchist

- ez e Lt e 1
< J EEEC R OR
v “ Vertical Karst

fissure spring
4

& 4 35 R AR () SR TR R R 8 (b) (i S 81 KA, 2022 20)
Fig.4 Karst spring in Qingquan village (a) and schematic diagram of supply process(b)(modified from Ma Jianfei et al.,2022)

oD T p(1) Fg SR AK TN § Flokh 25 5k W5 b 5 A 85 1
(SAFAE R 2 T VR
P T AR ACRD 265 ok R 32 2 R e L vk S
VIR, M AR K s e R 28 80 F1 8D X
Ay K AR SRR, BRI AR B K PR e B F C
VA I, wI2E AR 2021 4F 5 0 FEHRL R
TRXT I SRR AT R AN & 5 2 78.4%(5R 2) .
ot BF R 7 Y YT 7K (8 0 ] D 205 2 T SR AT A R R Y
BN 3/
4.4 REAEBR-RAR-THRR
KIETRE R AR SRR H 5UR Y ER T 1
W—HERIEEE B, BRI H M2 A T
2, AV R B FUA KNG AR TR YY) 2 247
ERURIN T oF i IR = o NP I R IR
B R AT AR R R RHEA R 25 5
KEWERRBETHEREEE S, HEGREHZ
JE R A(Sy) KA, USRBOE A, B
) 1080 L/s(2020 4F 7 H) . A Mo ITH (2=
] 4255, 2021), K e I8 SR 1 K moK #4505 LR
83%, RAWFEAREN i bR 8%
KIS R AN XA TR 2 5000 m Y
TN EIRIX, & B KWk & ok a g
K B HEH AV A . R AR VK S Rk
— R4 IE B AR B HE M, 55— I A UK
xR2 ERAESBRRIMEEITER

Table 2 Calculation of karst spring recharge in Qingquan
Village

VT R p(Cimgl) I AR%
S I=ce 1=
SE= B 6.01 Py=21.6%
PM20 K 1.05 Py, =T78.4%
or02 sk 212 wA= 10470

Ao T 7K I VR AR | 2 7] 2EBRAEE T A S
K EXAIEEH, #MNA X2 R B UK A
WA S T — & IR E VR, (A K T AR
BN TE ST SR A B R BE L A KR o
AR S B AT B s E

HRASRFN. H 518 88 T IEW L LI, 1% B
1 T 23 M T ORI A R R b IX (4
FIAH, 2020; 5 351E 55, 2022) , AR 7K BURNA IR
FAN I8 8 L K eV A i R Ak . P AR AR
BT EIEEIEE S, BEEH)ZE e 4 R I8 Ik
4 (Dyr) F = K %7, T 22 3 52 >300 L/s(2021 4F
9 H), &&=t 160 L/s(2021 4F 4 H) ., 5 kil
FU SRR, AR SR F R R AR KUK T Rk
NG o AR TR A KT 7 AR — R AR 5
HF B ST A VK T, 228508 K 4 245
UKABAS TR, A AT RESE R K AN TR Z —

Ph 2021 4F 9 H R M FE i AR R &R 670
1 6D RHFAEME, MU 1, THE THRA RS A
AR LB A5 VKRN & LR A —2f, R IRK
1 EESRI . J3Ah, 5IE R A R AN A
L1, AT 2K e VT DRy SR 000 1) 32 T 45 1 P
PELAELE, (B BT TCE R Aok

W HTUR I EE T MRS (C) KH =5, K
A, A W AR, 2021 4F 6 J S A i &
2] 390 L/s, 2021 4 9 H #4440 L/s, 2021 4F 11 H
2978 206 L/s. 7KAb525758 HCO,-Ca-Mg &, TDS
B4 177 mg/L, HH KGR, KR EET
 npE—IR EALWrROE = BT O, WiE B L
I FERP T ERGED 5 O SRR S, W
TCIAIA 540 o Db SR 3 0 23 25 (R R A 4 #, %
SR AN A YR AT RER F AL ER A oK) 7K 2 ) 25

http://geochina.cgs.gov.cn FE ML, 2025, 52(1)


http://geochina.cgs.gov.cn

EEE 1M

Th AR T e AR TR LA A VA b R KA SRR L B BT R Y ) 7

K& &S

Limestone Slate
S arst Springs
T conduit g

1y

&5 KIEva A (a) SHMATEA S B AL R K (b) (21 4245, 2021 20
Fig.5 Huolonggou karst spring (a) and schematic diagram of supply process (b)

6 AN (a) HIEH TR (b)
Fig.6 Photograph of Genjiu karst spring(a) and Yarigong karst spring(b)

AR £ 2 T T A [ D25 o 32 SR 1 R PR )
TRt — 5T
4.5 IR R—EIXR

D gty SR R SR BN I Ve VT S BT, 43
JE A AR B A & K2 RS, Tt 40l 270
L/s #1347 L/s. WA~RKIEH SO,-Ca-Mg #47K, TDS
{8435k 2051 mg/L #1 2562 mg/L, 1 B Hi 3 28 5
THRKMIEATRE . PRI R IR kS
Ak . KA AR ) ABRNA T K A B N
R ABANG (5 AR 79% (IR it 51 ) (KA
45 2021)F1 70%(BILR)

Z MR VLW 24 52 ), AT DL NW-SE [n] 2

3 MABRRIARE G ITER

Table 3 Calculation of recharge source proportion of Genjo
karst spring

PRI KR 6D/%o 5'%0/%o LR %
3 7 _ _ .

YRA40 WK 127 16.6 Py=36.9%

BTT42 SRIK ~142 ~18.9 P 5600

WS BE -177 -24.1 P*‘ﬁ’k_:7 WA’

EUERIK K -79 -10.1 R

e tR A 5 BRI (sl b A il 5 ) 19 S 9 A2 T
TR VT 24 4 S W7 2845 ) 1T 2 W-E 5 NE-SW 7 [1]
Bifie MWK AE R EAAN, SR EARRRER
MBI, #hA AT KL 7).
4.6 B:E

1R R TR SRS W N, A
RIS . 2020 4F 8 H S IR 7K i 1 £ 180 Lis,
2020 4F 10 J W& 105 Lis, & 01 Rk 23250 )R
HCO,-Ca-Mg #!, TDS{H X4 93 mg/L, *H % &
(8.0+0.9 TU) 5 iZ M =5 filiK (9.5+0.9 TU) AHIE, T
W IR KR AT JR AN, AR S B P, i ) 0. 12K 0R
PAPEZY 1000 m &b 53 A i i — &b GEHi S ), T
FRZ) 2.86 ko I THI R AR, T A&V T 28477 PN () T 22
Jederh s WK B G W SR, JT 52 Wi SRR AT
VA BEACT Hh R R (4] 8) o
47 EERR

B HR RO T E BEAEBN, M TR
A IS SR h g4 (1,s) K4, B R4 39.35
Lis. $EE AW (EFTTEE, 2021), 1% RANA

http://geochina.cgs.gov.cn H1E LT, 2025, 52(1)


http://geochina.cgs.gov.cn

8 il

b J5 2025 4

297k 3750 m, i RRAL TR R T 555 = RF
AT 22 () P SR e X, VS M B o3 A )0z, )T Rk R
HERK SR (1 9) o HP I flK & 32 4h
SERUE . KR R KA 28RS HCO;-Ca-Mg B,
2021 4F 5 H #5000 H 5 %8 5h 360~455 puS/em, 7K
R 31~32°C, VAT HOR IR AR sk B AP
4.8 ZFTR

ST SR T R K1 7 o 2 s B, g

)2 RS2 (Con) KIS, 2020 4F 8 H 52
272 Lis. SiKIX A1 KRN A AR i R AR,
VKN FlK TR K B i KB A R & I wE—5
UM o S W2, LI B I ANA . AR XS
P DX HAWAR LD KM SR PR TR A5 L, vk )1 Rk
A 38.5%~58.3%(Hh &I AR, 2021) , FIFTSRIK
k25253 % SO,-Na B, TDS {8 4 660 mg/L, *H %
1 (7.840.9 TU) 5iZ %K B9°H 74 (13.8+1.0 TU)

ek K ¥ 18 5K 77 f
ELirﬁestone Shallow ’
A e R
T TR
§§% InSﬁlubﬁ \ ]Skeep
roc

runoff path

K7 it S (a) R AMATRFR S R AR 22 (b) (H sk AR 145, 2020 240)
Fig.7 Niangqu karst spring (a) and schematic diagram of supply process (b)
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Fig.10 Piaoda karst spring (a) and schematic diagram of supply process (b)
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Table 4 Recharge model and influencing factors of typical karst springs in the eastern Qinghai-Xizang Plateau
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Table 5 Resources and water quality evaluation results of main karst springs

SokgB pmicg  CTORUORES CERABIURRY - BRBR o peenn mmm s

x10°m’-a x10° m’-a x10* m’-km *-a

TR REe—FEM 0.292 0.420 1.348 2K / MEAH R L

TSR R R E 0.053 0.050 0.680 112K / /

K IV TSR 0.341 VoK TDS. Hifg#h /
M H TR B —BE 0.123 0.650 0.311 I 2Kk / /
AR 0.050 [IES / /

2 ith ity DT 0.118 0.140 0.274 I 28K / /
Bk IR =i 0.109 0.220 0.258 V2K TDS. #ilig#h /
it R 0.085 VK TDS. #ifigh /

B IUR HH 0.033 * * 1 K / /
PFT R i 0.086 * * VK TDS. iligh /

T A AR R .

YL 7 VT LA PG B 57 58 F1ESHE 19 55 7 K B 0.1
10%~0.2x10° m*/a, 4% AJ ¥ A o0 A XY 95 RS 48 F
IR PGB, B AR EB IR — T 24 A KRR
BB 1.348x10% m®-km 2-a ™, PG JCEEHE R BEIRASRAN
9 0.258 m*km *-a’', HAEREK G (K 12) 28 fk a3
AT
6.2 HAKRE

A CHb T 7K BT iR fE ) (G14848—2017), X
BT KRR T TR (R 5) o TEPEM Y
10 AR, BR AR 7SR FNE SRAT A R Ah, K
RIIFAAZ BN S5

FWKEA, T~MZFK 64, VIEK 44, N
WA, 2K 21%, TZKE 8%, MK 5
23%, VK i, 15 48%. Hd VK AR
Tji¥h TDS FRFRER, oA PR A R /K VR sl
Z 5 UG R K AV ik 8 4, 2020,
2 AAF, 2021; HE1KAE, 2021) . VIOKH, AT
SME ] Y A A X R S RO A TDS {H AR i 2
g/L, Toik B, KR 2 v SR AT SR Y
TDS B 53514 1150 mg/L F1 660 mg/L, 7] #E474k ]
IKFFRFIH . R, B KOR 4 R B T He br 42
SL.Y I8
6.3 FEFAIRSE AL

T R AR R KA A AN, R4
ZRAREK B R B R 2 A RS2 5
M, R, shaSECh e HK R 35 A%
TR AT X R KRR EZX R

CEAATR KK T RK B R 2, AR SCITHE B )
BRI MR DAl =2, S8R 6 N [~k

IR BT SR, MR RTR 22 R WK L TR R 7K e
BN, AN B R B v 6 B A A
LK EEHB R 2218 b A T A K B kb 25 18, R
KNG, AR BB, KA EAA T
g% BB TR RUSUK, AR KO SR AT
SR, AR RIRER LG A VK1, T e B vk )
IKA B 1 SO, Wk B it s (22 4, 2020), FEHFEE
AN R vh 32 B 5 B2 R AR I RUK AR X 25
Jnk SO )& 4 (Ma et al., 2022), B /KPR 5
P, TR K TR 25 . 38 2R TR
AETRKIR, FEANA IR AR G KB IeN S
B, B T35 T3 T KGR, KA bR
A = o

H AT, A8 SCRT 3R B 5 5 R IR T 1 K-
i AN (R 6), AN TR . Hh 8 —J A
SR VLB RIFE R . 8 2K FAOh

®6 TEABFARFLARAIK

Table 6 Utilization status of major karst springs
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