TR R AR B MIE S A M TKAMEFRIR, B K
FEFIREN
e & M, AEEA YA K Y, MBS T, NE Y, BRI S, R 3,
BB, A, TRM Y
(1. E SR =B K SCH B S STATT SE BT, Wb A 5K 050061 2. HARBR IR S F KR S T
PEFE RSO0, b 475 050061; 3. VU )I4& HuJsTa ™ B 2T K e K SCHiL B CAREH B s, DU )1 BB
610081; 4. JU)i1% Hedt i i TREABRSTEA ], DU B 610081 5. VU TV TM 2 ke, PU)1 Bk
#i 610052; 6. PUAb K=~ 5 2 KRB /0 2 [ 5B SR =, BRkiPS 7 %2 710069)

RE: (WA HM] B R AR 2 A IE SRR T X, ARKOUREME R, W RIRZHE. K
BFEE. TFREERMGIER IO, S8 EIE AN, XHESE KRBT AR &
TRAFIB 9k i Aol R o DAL VEY ASCEEBUIA A . RS, KA R E [ 3 40 H 1 J:
il L 2T e R P SR I DX R RN SRR, R T AN SRR I R R R R, M T
P VA R AR AR, IR TR R A U DRFFCEE IR 45 R3], 75 980 i AR LB KR
EEAMEIR KRR, B R R A B AR R R AR AN T KRR SRR R s T
FKBIRANG RS 4 RS BIR T . (458 ] A7 AR AN I 2022 57 10 IR DR 35 kms LA A A 2 52 Y 4
RGN, A S R R R AR A I T RGP S TG A PR s AhBl i EHI R R R
BWHREAR . HIBHSAKZ S HRAE G IE IORK AR EAFE, S 3 MOF AR T2 B8 — MoK
N T~IZOKHCE R, FTEEY KIPRAM MR, 5 MOMEUK, w5 AR IR & 5 & 47T A A,
S =MONROK,  TE 2 BSOS N IRIEET A A .

KA MR MIEEE AMAUE: AMAEGEG EEACTE TR T A KU T AV TR
T e SR AR

QTR 1D U TR R SRR A I S T ORI SRR, S TR WK B 2) HE7R TR
HRKAME KA IN A EN IR R 3) FEHH T 3 M EVE KT R A 7 3.

Recharge source, mode and development potential of
typical tectonic karst groundwater in the eastern Qinghai-

Xizang Plateau
MA Jianfei®?, LI Xiangquan'?, ZHANG Chunchao™?, FU Changchang™?, XIE Xiaoguo®*, WANG
Xiaogang®, LI Xinze**, ZHANG Dengfei®, BAI Zhanxue'? WANG Zhenxing"?

(1. Institute of hydrogeology and environmental geology, CAGS, Shijiazhuang, Hebei 050061, China; 2. Key
Laboratory of Groundwater Sciences and Engineering, Ministry of Natural Resources, Shijiazhuang, Hebei
050061, China; 3. Chengdu Center of Hydrogeology and Engineering Geology, SBGEEMR, Chengdu, Sichuan,
610081, China;4. Sichuan Huadi Construction Engineering Co., Ltd, Chengdu, Sichuan, 610081, China; 5.
Sichuan Institute of Uranium Geological Survey, Chengdu, Sichuan, 610052; 6. Department of Geology, State Key
Laboratory of Continental Dynamics, Northwest University, Xi'an, Shaanxi, 710069)
fEEEINY: Bol%, 55, 1987 4F4E, BRI G, BN G KSR TR H 5 7 TH I 7 TAE . E-mail:

majianfei@mail.cgs.gov.cn
EeWB: BHEHEZRESH AR (2021YFB2301300) . A [ 1 i i 75 J& 5 H ( DD20211374,
DD20221812) Fl [E 1 B f e He AR 55 2 I H  (SK202205) B,



Abstract: [Objective] There are many tectonic karst areas in the east of Qinghai-Xizang Plateau, with complex
karst hydrogeological structure, diverse recharge sources and abundant groundwater. Conducting the analysis and
research of recharge sources and summarize the plateau tectonic karst cycle law is of great significance for guiding
the development and utilization of karst water resources, ecological protection and disaster prevention and
reduction. [ Methods] Based on field investigation, flow measurement, hydrochemistry and stable isotope
analysis, this paper analyzes the groundwater recharge sources in typical karst areas in the east of Qinghai-Xizang
Plateau, the influencing factors of recharge sources and recharge progress were discussed, and suggestions of
development and utilization were put forward. [Results] The results show that the main recharge source of the
main karst springs in the eastern Qinghai-Xizang Plateau is atmospheric precipitation. Four recharge modes are
established, including direct recharge through fissure in high-level, continuous recharge by high-level lake,
continuous seepage recharge in catchment depression, river seepage recharge. [Conclusion] The reason for the
difference of recharge modes is that the eastern Qinghai Xizang Plateau has experienced internal and external
dynamic coupling for a long time, in which the internal dynamic control factors are karst formation and evolution
history, geological structure and lithologic combination; The external dynamic control factors mainly include
meteorology, landform and glacier movement. According to the characteristics of water quality and quantity of
karst spring, three development and utilization modes are put forward: the first is karst spring with water quality of
class | ~ 111, which can directly expand the degree of development and utilization, the second is brackish water,
which can be properly developed and utilized after mixing with other water, and the third is salt water, which can
be properly transformed and used for tourism development.

Key words: groundwater; tectonic karst; recharge source; supply mode; karst hydrogeology; development and
utilization; geological safety risk investigation and evaluation engineering; eastern Qinghai-Xizang Plateau;
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
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Table 1 Main carbonate strata in the eastern Qinghai-Xizang Plateau
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Fig. 1 Distribution map of tectonic karst in eastern Qinghai-Xizang Plateau
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Fig. 2 Relationship between 8D and 5'°0 (GMWL: Global Meteoric Water Line; EQMWL:
Eastern Qinghai-Xizang Plateau Meteoric Water Line, from Li et al., 2018)
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Fig. 3 Yudongzi spring (a) and schematic diagram of supply process(b)
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Table 2 Calculation of karst spring recharge in Qingquan Village
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Fig. 4 Karst spring in Qingquan village (a) and schematic diagram of supply process(b)
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Fig. 5 Huolonggou karst spring (a) and schematic diagram of supply process(b)

KIG VA TSR AN X AL TR 20 5000m UK G IRIX, R E KRR R E k)
WIRIVE K A S S A SR . KA B AR T K — 540 T2 b R AR I HEE, 55
—EBAMEANVKNEIA . I AGE I KR . A RSB IRANA T T K. XA,
WNEX T Z KB KRR T — e RS R, HaEK LIRSS 8IS 76
SR SRR BRERE . EEKAMNE A e S B BRI .

MRASRANE H 578 H 5% T EIERT 2 LI, Z B Wi 24 G sh v ol T K R VA 5 1R SR H R b
X (HEAERAAT, 2020; MEfEss, 2021), AR 7KIIRMA FIFAIANS B IE Hb K ORTE
RER. HPRARBETEHENE 2, HEEERNRZERERIH (D) A=FKE,
FIZEIE>300 L/s (2021 4E 9 H) , & 160 L/s (2021 4F 4 H) . 5Kk HEER
FRABL, MR AGIR 32 B 2 KB KRN UK S K AN o 1% X TR AT K R W e e - A 1 AL T e
FLETL SR A R OK) 1, 2 808 /K &R E5IKEA T, AT B SR K AN AR 2

DL 2021 4 9 FSRAEMFE M ARE RO % 6°0 Rl 8D AR, FIAH A 1, HE TIRA



SREANE AT L] 13 KGRNS5 L — 2, RRUKIEZRIE. 75h, SiERA
HR RN ST AL, R IR K L A TR N 18 T 45 AT REVE B AEAE, (HH R
TR -

Kl 6 iRAR () HEHTUR (b)
Fig. 6 Photograph of Genjiu karst spring(a) and Yarigong karst spring(b)
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Table 3 Calculation of recharge source proportion of Genjo karst spring
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Fig. 7 Niangqu karst spring (a) and schematic diagram of supply process(b)
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Fig. 8 Ronggong karst spring (a) and schematic diagram of supply process(b)
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Fig.9 Xiali thermal 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
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Table 6 Utilization status of major karst springs
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