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Fig. 1 Hydrogeological map of Maocun underground river basin
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Fig.2 Profile map of the main conduit in Maocun underground river basin
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Table 1 Monitoring values of 6D 80 and 8"Cp,c in June and August of 2021
A 6H26H 8H28H
8D/%o 50/%o 8" Cuic/%o 8D/%o 5"0/%o 8" Coic/%o

INEHE —34.48 —6.09 -9.50 —34.42 -5.88 -15.84
EK -34.13 -5.99 -13.36 -34.21 -5.94 -13.91
et A -33.08 -5.93 ~14.33 —33.42 -5.87 -15.86
Aoy -31.55 -5.72 -14.90 —33.64 -5.88 -14.14
L R -32.27 -5.80 ~13.76 -33.13 -5.82 ~14.00
5 BT -30.73 -5.60 ~15.79 -32.02 ~5.66 ~16.41
T -31.91 —5.66 ~13.83 -33.09 —5.80 -13.87
KA -31.82 -5.69 ~13.67 —33.84 -5.83 -13.63
EHHH -31.60 —5.66 -13.89 -32.93 -5.75 -14.23

~16.41%0 ~ —12.85%o, “F-FI{H N—14.03%0. KA
1 DIC K IR K, B FR R 5 VA 11 87 Core S —2%0 ~
2%0, RIR K CO, H 8"°Cpie H—7%0, T3EH CO,
8" Cric ZRALIEFE H—30%0 ~ —7%0. EH) CO, H1 8" Cpye
A0 B —30%0 ~—24%o, - H4I1H H—27%0. P,
Tk P AR KR R DIC 5 %52 BBk IR £ A 1A A+
HE CO, Ms2m o ) 2P ot i < e A A0 [ 5 A (1)
M(2) ], AT A % K R DIC(DIC,,) kil
F 5 (DIC, ) FIBKERER 717 (DIC,,) 14 LL BT L
TSk A K AR R DIC SHe U ik i kv ik 1) EL A1)
LN 42.47%~61.25%, F-391H R 52.13%. A
KA DIC B FARAE FT 48 /R AR Sk R Gk
TR R k2 A9 AR LA FFL D 2, 308 1 7% B8 2 1 /K SC A
IRHIE
3.2 MR RRE

TSP TR0 387 R 2 4 )22 r b 2 A28 A A0 1
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AT I SRR | A M AN SR R 45 R E, TR e
KGR FNACT R AER S,

BF AR B B0 45 R WoR, B A R A
AT RG, A AR S R RS, K
ih L — T R G RKA R —BA O TR
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HIRABRIN G FA 7 & B ARES . A/ g i
IR AH AR R | K 18 5 R BRI, K M
'R B F Y KA SR (BO) R 2K Hh
S RE AR S, RIKIRE SRR . A%
TR RGP R T ACE AR, RS
0] K R g8 TR R IR K B L, R
K FGE W T B BRh 45 2 U0 K R G A
AIER, T 8D AT 80 4 T R sk P9 R AR K
J EEAMNA TR, 2021 4E 6 H .7 H 1 8 H K&
43514 301.50 mm., 202.50 mm F1 67.80 mm., VA
IKIZEER 23 A 52 2%, NGRSO, SHH K A
HLA AN A B AN TR AR 4% . 26T Rn M1 EC 1
B8 /R B , R RIBE K 544 (2021 4F 6 H AN
8 H ) A VA K 7 R F EC A9 WA (£ 2), AT 45
N T P VS 7K s B K SCRRAIE .

AINIETS R AMIEIK, AR A R, B B R, KR
LR, K AR AR TSR] 46, R AT EC HL 9 5%
R(FE2). MEERAEAZZEE, KA Bk
AL, A HRE A RBAE RIS /D
TeTF M4 AV S MRS AR A, 25
KA M AR AR IR, A A9 Ra A EC B8/ e
B (2 2) o TEREK B NTEREARZMT, N
T, B IV — 43 K i LA T 24 BRI N
F, KAEMEAEH K, 8 A kA ALE AR
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Table 2 Monitoring values of *’Rn and EC
in June and August of 2021

— 6H26H 8H28H
*Rn/Bq-L"' EC/us-em ' *Rn/Bq-L" EC/us-cm’

NS 0.09 23.6 0.20 20.0
EhK 5.87 284.7 2.15 324.3
ITEs 10.83 118.8 11.86 228.6
aiibey 4.34 262.0 19.13 285.7
ITREET S 18.58 230.3 5.62 293.0
LI 6.42 457.7 2.58 506.5
G 17.10 332.4 15.70 360.9
KAEHT 3.65 323.5 16.10 362.2
EBAHLA 2.49 3423 0.70 377.9

JB A SR KRR T T, e R AKOR R T
, WRAMNEAKICE T IS . Rop E—i5 i R 455,
TCAER v BUA W HE LK, I 2T 1. 6 AAn, 7
SRR B SE T, BEK 3 BRAE IR 3l )2 5 1
RIZHBK ) R e sh, &K IS AT bE 6 A
YA Rn F i T 8 AMy (£ 2). i 6 A&k,
LTS A M PR BC{E/ DT 8 H (58 2), M i KRR
R K B A BV, i — 2B 0E S KRR K O It
P AN KR

B AR B 00 AV PRI 45 2 R, s N
e Rtas: Ll N/ o S 11 PR ST INREAY | IR L AT I T
TEAb R, AL HTA — 2R E K VBRI, NEE IR AR S
T, KRB AEEIE . Tk o iz 2 L
EMKIRZHE, AL B | T M PP LA BRI
A HAMMFRREmE. 6 A8 A, 4 Rn &
R S HAMER /N GGR 2), RUIZEE 32 BB K 52
Wi /0N, 0E— A BH 25 0 25 DR TR LA 43 I 2 Vs S Bt
KN T

KAR—TBA B DR, ILERA . HEA. K
M —IF W RS IS —2E, B R ATk A
TMAS, B BHEORB. 6 AM8 A, K&
AR &8 2 FR K (K 2), #E— BRI T HEK
SANA R R AR 28 M. AT —B AT A
R A E R —, TCRCR A2 1, R R R s B
F IR EARET, 40 3 B Y B R F R 6
Ay, Bk AR, DB R K IR 3h 3 8 K o &,
K BE K, K A AR AR R . #5087 Rn &

1) 8 Ay, FEKEH/N, Ui i A R BUK N 32,
I NS, KA B AR B R

KATMEBH B O, BFH 0Re &2 T
KATT(F 2) o A IRHT WK G B K, Ho R /K i
), K BT — B K S A B AR %R 1
S0 ] 208, PR B AR MR AR N F . FIHR
FHTRB R O Re (MR, 2T Rn 25512 (4)
T 8 Ay Kaai K Z B A H O RS EA 15.07
d(>3.82d), KUK BR/DIE ST, AnEE D
Rn {5 R AZ 5] AR A RS AR . FIk, AN
AEFI R (4 [ AR TEASRRI T 8 H 438 Hh Ak
MHEE . 6 A, fERRMEKE IR T, KA RIKH
B PR TETE S 0.82 d(<3.82 d), /K ATHE
VE B TR1 52 0 A9 R 75 0] 208657 KOERT E B A
HY T B R )45 K B (1 986 m) BR LUK R SH ], 11
B 6 HRCART E TR H O R T I KR A L
FEEE N 2 427.49 m-d ', 5F N TR B B 245 K
IR L B Ak T R — N R Y R K RS IR KR
B R 1 IK SN 1, BEK B R, K R R R,
FIFH R (4 32 A5 FRAF TG 5048 78 I 28 VA 45 T8 K
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KRS N ZIR, SRR FAL, 2R AR T
WK E B EZ —
3.3 ZMIMEFRALETER
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Fig. 3 Interrelationships among hydrochemical environmental tracers
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Water flow characteristics of Maocun underground
river basin based on environmental isotopes

GUO Yongli, WU Peiyan, HUANG Fen, SUN Ping’an, MIAO Ying, LIU Shaohua
( Institute of Karst Geology, CAGS / Key Laboratory of Karst Dynamics, MNR &GZAR, Guilin, Guangxi 541004, China )

Abstract  Underground river basins in peak-cluster depressions are main water supply sources of villages in
Guangxi. But there exist problems of groundwater exploitation, groundwater pollution and natural disasters in these
areas due to a special geological structure. Besides, the karst hydrological process is critical driving force for the
sustainable development of ecological environment in karst areas; therefore, understanding mechanism of hydrological
process is the key to the problem of ecological environment. Hydrochemical characteristics are closely related to
hydrodynamics in a karst groundwater system, and hydrochemical tracers have been successfully used to indicate
recharging sources, flow paths and water flow velocities.

Taking Maocun underground river basin in peak-cluster depression in Guilin, Guangxi as an example, we
interpret water flow characteristics in the study area based on the hydrodynamic processes indicated by hydrochemical
environmental tracers. Temporal and spatial variations of isotopes and their influence factors, especially those of stable
environmental isotopes as natural tracers of water cycle, are suitable for indicating water flow characteristics and
hydrodynamic processes in karst areas. Variation ranges of 8D and 8'°O of karst water samples fall in the ranges of
local precipitation, indicating that precipitation is the main recharge source in the study area. Dissolved inorganic
carbon (DIC) in karst water is approximately equal to HCO;, and the concentration of HCO; is mainly affected by
dissolution of carbonates and soil CO,. Based on isotopes of 3"Cp and the linear mass conservation, the average value
of DIC from carbonates dissolution is 52.13%o, which can be used to interpret the water-carbonate interaction.

In southwestern karst areas, karst is well developed with the characteristics of special dual structure. Surface
water and shallow groundwater is well connected, the retention time of shallow groundwater is short, and hydrological
processes are sensitive to precipitation or artificial influences. *’Rn with the half-time of 3.82 d is the decay product of
radioactive uranium and radium, which can be used to determine the characteristics of karst hydrological processes on
a short-time scale. Different types of water bodies are of significant differences in the values of *’Rn, which can

indicate the seasonal variation characteristics of groundwater levels, fractured karst networks, karst water cycles and
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water flow patterns.

Electrical conductivity (EC) in the karst groundwater system is determined by interaction time of water and
carbonate, which could be used to interpret ratios of recharing sources, groundwater flow patterns and structure
characteristics of aquifer system. The complex spatial structures of karst aquifers interpreted by the responding
characteristics of “’Rn and EC values to the precipitation show that karst water is recharged by different sources and
water flow paths under different meteorological and hydrological conditions.

Precipitation is driving force of water flow in karst areas. Accumulated precipitation can drive fractured water of
deep karst flow to the downstream with strong dilution. The larger the amount of precipitation is, the faster the velocity
of karst water flow is. The dispersed fissure flow is the main pattern in the karst aquifer system under the situation of

less precipitation in August. Because the flow time in the conduit is longer than the half-time of ’Rn (3.82 d), decay

[ 222
characteristics of

Rn (3.82 d) cannot be used to calculate the flow velocity of karst water. Accumulated precipitation
could drive fractured water of the deep karst and conduit water to flow to the downstream under the situation of heavy
precipitation in June. The flow time of conduit water from Dayangian to outlet is 0.82 d (<3.82 d). The influence of
water-carbonate interaction on *’Rn can be ignored, and the decay characteristics of “’Rn can be used to interpret flow
patterns of conduit water in the rainy season. Based on the decay model of **Rn in June, the effective water flow
velocity in the underground conduit is 2,427.49 m-d ', which is in the same order of magnitude as the results calculated
by artificial tracers. Therefore, the decay characteristics of *’Rn can effectively reflect water flow patterns of conduits
in the rainy season.

Water flow patterns in the underground river of southwest China are similar to those of surface water, and the
underground river responds sensitively to precipitation. Due to the limitations of spatial characteristics indicated by
artificial tracers, they cannot be used to interpret spatial structure characteristics of a karst aquifer system. However,
hydraulic connection of the karst aquifer system can be interpreted by the interrelationships among SI, **Rn, §"°0 and
8"Cpyc of water samples located in the transition zone from non-karst areas to karst areas. Karst water in Xiaolongbei,
Laolongshui, Bianyan and Shanwan are well connected hydraulicly. The good linear relationships among Beidiping-
Shegengyan-Outlet and Laolongshui-Dayanqgian-Outlet by environmental tracers indicate that there are complex water
flow paths recharging the outlet in the underground river basin. Environmental isotopes can divide karst water samples
into several groups, and better interpret water flow paths and spatial structure characteristics of karst aquifer system.
Therefore, hydrochemical environmental tracers can provide important information of a karst aquifer system, interpret

multiple flow characteristics and compensate for drawbacks of hydrodynamic methods.

Key words environmental isotopes, Maocun underground river basin, water flow, spatial structure
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