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Abstract: Groundwater age is an important hydrogeological parameter, associated closely with inden-
tification of groundwater recharge sources, groundwater renewability, groundwater solute migration,
and reconstruction of palacoclimatic signals. In this paper, nineteen groundwater samples were collect-
ed to analyze *H, *He, “C, "C from both middle and deep layers of Leizhou Peninsula . Based on the
Han-Plummer graphic method and isotope correction model, the apparent age of groundwater was
found ranging from 1037 aBP to 40 310 aBP with approximately half of sampling sites exceeding
10 000 aBP, and increasing gradually from the recharge area in the Shimaoling and Luogangling to the
discharge area in the coastal zone. The *He isotope content in groundwater samples has a significant posi-
tive correlation with the '*C age, and the groundwater age can thus be roughly estimated based on the accu-
mulation rate of “He isotope. In addition, three stages were classified for the relationship between electri-

cal conductivity (EC) and "“C corrected age, yielding an obvious linearity when the apparent age was
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younger than 6800 aBP, which could then be used to estimate groundwater age with a known EC.

Key words: Leizhou Peninsula; groundwater age; isotope; “C dating; ‘He dating
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Fig. 1 Study area and sample location

BE233 m, By RE R R e A GRS, MR 259 m,
RIS IR MR XA 1.3 77
km?, ZAEFIIRLA 23 °C, ZEFHYREKEY
1500 mm, Hisb T AREBKEMHIEX, 5
PTE YT R, 22 k50 i (/N 3, AR
ME L RA Gk SOl HE AL, SRR
TR, MR AKE AR B = ;5 44 KR4 i
AR, BB, meRK, TREEL, Kk
N e i s R N VA A U I - L b S |
HEEAKR . BRSFEY A, EaEEA
s HHEZS, RIEEBRZER—HEXHN
PIFER I, AR L T /K B

FE K SCHL R 7T, R MRS JE TR B A R A
A VN R 2 5 Sk L JRE I B HICE RN
RIC L) 7 Kl o SHUR 28 Bkl A LR 24
PR b R K $R AL T R AP AR AT A 1, R K B IR
BONER . ARAMNTUR T RGBS 1000 m )
A4 (Neogene) LR RSB T

110°30'E

Fe a2 )z, DU 3 T b alige T HM Y
vk . K, MBI A KNALRA T,
KIERNALRA AR AT, &EKERY, GEEIE
BEKZE, MBI AERNBEERE, Wl
PRk MRIEHRTR, PAEUAZEALBK AT 4 R 3 4
TR 30 m AN AYIR)Z K, 30~200 m H 27K
JEIK, 200~500 m IR Z KK . HERIZ R KGR R
M5 R E LK, W HATH N KR
B 2 TR S TR KA B 1) AR
FEdfl 2R DU B U4 R 51 A O ) R A
Hi A 2 S TR R AN X, R AN XY
ANTRI AT KECK M 2 5 %0043k TR AL A TR R R X
5O,

2 BPR i

2.1 HRRESMK
R AR B M2 8 L X R 2 R E S K E R
ARG R, WSS BT 2014 4F 1 2018 AR AE & b



8 ilReazE . (HARMERRD (P30

%61 4

576 T X S T 19 10 W I PR AT MR KRR
FIRESML, WEIHTR N 187~600m (1), K
Z ]300 mZ&EA, FEAFHYTHX . N K A
—HF, IR PR . TR I I
BEKATE S5, 45 P9 A ZKOHE DL B HL 5 52 B8R K
SREARB AW, e IE ACRAERT, 108
PEAT R AAE ML UHERR I 9 B B K i T8 . AR
AR5 T 7K S K I T R S S K FE R
[ii] Bk A6 K SR 4 48 58 HACH 7K 20 B A3 52 et
WEI pH ., JBEE(T) . % %E(DO) . B3 (EC) 4%
Febr, FrkSeds bR Ja oy vl JF U R AE, DA R
SRAERIRE S REAC R H AR B K Z M T /K 9 SE PRI L o
IR B RARER S5 K T 7K 28 0. 22 pm il R £F 2 st i
BETF 4325 F 25 mL 2504 S 500 mL R 20 ¥ RN
e, SRR BT TROEAE, HFRZH, °C
B MC SRR M E o BRIXEEFEARAN, M Bk
710 10 1A AR AT AR R SE F R S R AR
XFIKFE Y *He & “He [Al 7 ST, HORFEIT
PR E 2%, W R AR E K 4 7 208 29 20 mL
H R KK RE S P TR A E A D . AEHORE R R
R ) A A ity 1) 275 P AL A M 2 S A A A
A DR T AR 00 o A A g 1) e T4 KL B AR
TSR 22 A S E T AR DA
MEAZE R TRLE

*H A i F o ] o A 22 e 7K S, I A 355 i
Jo F 9 T SR FH ARG 7S IS T 4% TR 6 3% X (Quiantulus
1220) FEATIAE, °C K C RE S i 38K R A2 B2
HHARHALI(ANSTO) K T2 43 Hr-Fa g [l % e
151 B 1 A (EA-IRMS) FUINGE 2% T 3 42 (AMS) 1 7
oA, B A AR [ 24 & fh 71 [ Vi 1l
PRI R P AR TS A T
2.2 MEFHZE
2.2.1 °H.*He A“C # 2 % ‘HWF=WH
12.43 a, RFFLRHFHPL S KH "NIYHE
YER CASRRIE) AR (R, Wl
A EBRZA 50 a ), 3E T2 BUAR R R KRN
YRIMIR)ZE MR KB A . FIR P H #E1 7 HR K 2 E A
FEMEFE SRS, T2 M X = X
R H S0 ok, B 20 4 60 4R L
ok R = AR N T P2, AR AR A R CH
B8 S TS M R K AR 1) T 1k 7 B O B R
BRI o SR T b T KRR S H AT B A )
FEMTE S, A BT MW R K A 8% 91 7T 48
NERAEBARKE N KWIES (0 &H

fik“CcK ),

‘He H—HMiaE i xR, HRER AR SRR, ©
i BE R ACGHE A LT F 7K 2 B KSR IR *He,
KIZATEH UL Th& =287 £ 10 He, DLSCETET
TR B b7 F1 b0 T ) *He ' ‘He 23 7EHL F K 5
PR, R 5 i b TS K i B ERE ] A G i G K
AT R R S b R K AR S . R T b X3 K 2
i U RIUER &% & 55 2 E i 09 B S He R IR Y
S 2aE, — A OL T BOME L HEE R FHAE i b *He RO MR
FEE AR M T K AR IS . A, WS N BT
FIFH 1B 7K A ) *He ¥ B2 5% °He/*He LU AELAE Sl —Fil
ST )l B T BRI FLA R 28 A e AR A AR, iF
T g B — [l 6 28 AR A AR B ml {5 B Y

T O TS M R 7 28 C & Bl H e )iz iy
(i) MR K AR T B, JU IR Bl kA% 0k
(AMS) 3B 7 e, AFE 29 250 mL A 4
KA it BIVRT 52 1% K BE 9 HC It 22, FRBg v
1) “C [RIFEA B SR N APIRR R, (H L) 2R R A
RE, FH LS KA R C Ll
R BOK SCAE PR AR 7K R 40 o de o s R
AEFE RO, DR AT AR M ARKORE A s i G
Wik (DIC, dissolved inorganic carbon) ¥ '"*C ¥ &
HC WA (B AR S H R K AR 0,
2.2.2 MCRERFARE X FHLTF KA C KDL,
H AR 5 A8 IF AR 2 i i C & B R A AR A i E — A
R, KA EAE S RS AR R K g e
P P, X RRE S0 O AR REE AT,
ZLM T X B PR ER Y 5 e 23 (A5 b R KE AR R A
WK, MR CREFG R S, BTk
FH 7 02 R AR BRI E , B3l 3 67°C X 91 4h
1 C & AT ROERR BIAL IE R g, FIRIERE
Ja WIS CAE AR & C & ST H L T K AR %

14

Conc
z=-8267h1qmg“, (1)

Ho“cy cARER DIC K “C, “C, b R3S CO,
i CHE.
W A A RY 40 15 Vogel 22 5o A5 7 | Pearson f5
. Mook #& %I | Eichinger £ A | F&G 15 AU H
TAEA f5 145 26 FH i Pearson #5154 1 Mook #5174 it
KOE R BT
8 PCpe — 6 °C,

q earson = e Be e e 9’ (2)
P s 13Cg -5 13Cs

8 "Cyp - 0.58 °C,
57C, - 055 "C, °

Gy = 0.5 + 0.5

(3)



5 4 1]

BAME, . BT ZREGRPITIE M S IR Z T RAFERYIR 99

o 91Cy 43 B R BE S R DIC Y 9°C i, 0°C, h +
B R 25 CO, B 0BC M, o°C, o M AR £k A 1Y
OPCHE.

JUAI AR R T 55 S T 14 b 7K 65k [l o7 28 73 ke k-
FEASTE], U0 Mook 5578 3= B X it & 4t 55 1F F DIC
5 13 CO, [l 2= sc it R FFA AL IE, 17 Eichinger
R D) = B X B R S8 45 1 T DIC 5 [ A ik i
ERA I R 2 2 Bead AR AEATAR IE o X SE A R H
23 B WA~ it 70 09 IR 67 R ARAE A, — 1> 2 [ A Ak
MRk e Kimot, —MBOAH “C &b 0 pMC, H
FIFE G “BERK”, 0“CHEAF(E N 0%0; 53— ot
+3CO,, HUCHE N 100 pMC, 0 CHRAF(E AR
PR 5T X B 2R BR[N], X C31EY)
KB, oVCHRHEEM R -23%0, % T CAEHN
WH R -8. 5% 0 HAMHEIERAE, ANEH
DX b T 7K R [ A67 28 A T AR B AR A B AN TR, R

JEAE A — B X, FEAS A B ) A 5] DX sk ik A3 R 5
7K )2 ) i ()47 28 8 AR B AR A AT RN, ey
EREA I8 M T K AR IR A IE LA — ks . R
3C R A Han-Plummer EJE 35 °Y ) AR 48 0 RE 5
SPC HINC Z [H] Y 6 FR e A5 3 0 A LA 78 X AR i
(1) C AR A TAR IE .
3 AR5
3.1 “H. "CcH"C

KEEHH T AKEESL HH . BC K C R 45
MFENA. ERMHMLERNKE, raFes S
FH W /N T 1 TU, DX 88 R 7k I i 2R
PRI EIR AN 7= A, A DA T 2 B 75 0 2 5 v
RIZH T KR SERZEKE S HBRIRA S,
AT 2 3 PR K AT Y B i TAE A
FI

1 W RAAE BT [ A Z A 2R

Table 1 Basic information of monitoring wells and the analyzing results of isotopes
B 14 g2 s
Fedih o JFm pH ?IE;%%;TY 1/°C ?;522%2?7; H/TU 13C/%o “C/pMC ig;;ijfé :;;z
1 254 8.51 520 29.2 3.85 <0. 4 -16.740.3  31.79+0.17 6828 Pearson
2 252 8.09 360 27.9 3.40 <0. 4 -13.3+£0.6 7.89+0.08 16 188 Mook
3 297 7.78 270 29.6 2.15 0.4+0.4 -17.4+0.1 49.07+0.20 3579 Pearson
4 242 8.23 270 29.7 2.30 <0. 4 -20.8+0.3 64.60+0.27 2781 Pearson
5 187 7.30 190 27.1 1.50 1.0+£0.4 -20.5+£0.3 78.62+0.29 1037 Pearson
6 306 7. 88 380 29.5 3.45 <0.4 -15.7+0.3 36.52+0.19 5171 Pearson
7 240 8.03 320 29.2 3.00 <0.5 -17.7+0.3 22.82+0.14 10049  Pearson
8 306 7.13 99 28.7 1.20 0.5+0.5 - 19.15+0.13 12321 Vogel
9 350 8.24 310 31.4 3.15 <0.5 -12.9+£0.1 5.93+0.07 18275 Mook
10 310 8.06 310 32.3 3.35 <0.5 -13.8+0.3 2.64=+0.05 25568 Mook
11 202 8.21 270 - 2. 60 - -13.1+0.3 5.02+0.07 19 790 Mook
12 250 6.41 89 26.8 2.30 0.6£0.6 -16.9+0.3 48.68+0.21 3404 Pearson
13 260 6.77 129 27.9 0.70 - - 17.41+£0.14 13108 Vogel
14 259 10. 12 210 29.6 - <0.5 - 65.340. 25 2180 Vogel
15 323 7.99 165 21.7 0. 88 <0.5 —7. 6%0. 1 17.77+0. 11 4493  Eichinger
16 284 6.30 97 22.4 0.53 <0.5 -12.8+0. 1 73.41+0. 31 0 Jc
17 321 8.38 836 23.2 4.98 -14.3+0. 1 1. 06+0. 04 33429 Mook
18 242 7.98 339 24.8 1.85 <1.0 -15.6+0. 1 1. 65+0. 04 30722  Pearson
19 600 7.67 2141 41.9 2.61 <1.0 -19.8+0. 1 0. 66+0. 03 40268  Pearson

1) — FRHE i R



100

ilReazE . (HARMERRD (P30

%61 4

PRAGEEHEE = S s ST RGeSy
T0.66 ~ 78.6 pMC, HJH]BAL T HAL KK,
SPCAEA T -20. 8%o0 ~ —7. 6%0, 2 WAAFEAEA [A] 3t 7T
wFAL 2R IR AR o AR & oC. C & DIC
Z R EZR, WA H Han-Plummer [ (& 2) . &2
(a) AR 01C 1 C B YOG F& 1T LA & B 4 8 0
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Fig. 2 The relationship between 6"C, '*C and DIC
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Table 2 The analyzing results of He isotopes
e *He A°He ‘He A'He (*He/*He)/Ra MC AL IEAE Y /aBP
1 105.0 1.72 945 14. 4 0. 80 6828
2 101.0 2.03 1050 10.7 0.70 16 188
3 87.7 1.18 669 8.55 0.95 3579
4 92.4 1.82 682 6. 65 0.98 2781
5 82.8 4.96 617 8. 60 0.97 1037
6 101.0 5.99 800 11.4 0.91 5171
7 87.2 1.05 715 5.16 0. 88 10 049
8 89.5 2.02 745 4.72 0.87 12321
9 124.0 2.75 1260 7.98 0.71 18 275
12 81.7 4.87 610 8.55 0.97 3404
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Fig. 3 The relationship between “He and corrected C age
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Fig. 4 The relationship between EC and corrected “C age
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it 3k 30 000 aBP Ay Hb T 7K AF % A7 FE AR K A9 A1
Pk, HAZPRAFEY AT EZE KT 30 000 aBP 2,
3.4 EFUCEERMMTRMARSHE X

g E1RE

Hi R KA A iy — A T 0] FKCE 5 1) ) 22
b, WEEE T IRA, &K)ZBE, HHF
IR, 195 SRR 600 m, AZIE
J5 4 4C AR #8 K T 40 000 aBP, ] i) H g S 3R 4l 2
E Ry, Mk 2000 ps/em (F4). Bk 195 5107
Ah, HA S A I RIEEAAL T 200~300 m, 1] A 4R
W4 22 B R HE ST TF o MKSE kA, 4 X b
KRR YR, B RN B HE T 0 5 B R
HARRS AR

AR R 4 iy “C o 4FE 5 L R R N1 34>
X [a], 4E#/NT 6 800 aBP [ Hh F /K 7525 [6] |- He A
AR R T B b 4 X, R ) A A ] X ] 4
B4 LT 7K AT Sl oA R K3 FR e R A H ] BXORD HE i
X, A B A ] DR HEE X AR i K £ A F 6 800~
30 000 aBP. #2& Hb T 7K A9 52 FR T C ik 2
K RE LB NS L2, (AT RLEE R i R A R IX
(AN 17 F 195 45 07) B9 ML T K4F It T 30 000
aBP. MKIGHENT, F5 M2 5 AP T ZRb 25 X 5301
T b F B2 e 0 T N ) A B . 3 A% (R A )
5T N B 0 M T M AR R AR — 2, o ROV AR R
B AS LU 04 2 TN 22 53 1 R BEANG IX ., ARV 1)
PS5 (14 F 155 05070 ) Ml & 4 10 56 R 40 0T
WRZ R AN X . TR X (FRIEE)
H 20 40 80 AF AR LR KA Uil T~ 7K, sk 1 H
KW S, ] AR R i A R K K IR AL
ARG, 80X 5 H T KB ER R/
PR 17 5 5 14 200~300 m % 7 K J2 RN 25 3K
TEK R A A7 B e kb, L E 2R BE 529 30 km, 17
S AL R K AERA 2 30 000 aBP, At AT LA fij B4
THEAR S 2K 200~300 mE 2 &K 2 BIKE )T
] B -1 29 R 1 m/as

SE Wk

[1] GLEESON T, VANDERSTEEN J, SOPHOCLEOUS
M A, et al. Groundwater sustainability strategies [J].
Nature Geoscience,2010,3(6) :378-379.

[2] TAYLOR R G, SCANLON B, DOLL P, et al. Ground

water and climate change [J]. Nature Climate Change,

4 & ik

3 25 6T F M 2 B 19 A R 2 R e K2 W
FEFEAT H N KRR SR AR N[ 7 3R M 32 PRAL 4R b
Hr, AR AN 458

1) FJH Han-Plummer KL, 456 H T KRR
A HY 6°C L MC K DIC i, A AT R )52 il 1l
oK R [l 2 A R IR A IS e
R KB AR R EBLAY . F T A B A hk IR £k 5 1Y
SN FIF R SE T DIC 5 14 CO, 1y [Rl i = A4S 4 i
SN0 24 M b R K b Rl R AR FER R, 5
Ai, T R AL b DX A [R5 2R AL R ]

2) MR NCHL R K E FEROES R, 4 KA
FESBIAERR A T 1 037~40 310 aBP, i >4 F /K ke
i M IEAR IR S T 10 000 aBP, R IR 2
KA REIE BT A P 58 -5 BAE R AN AH [R] ) AR IR vk
W], KRR HOR o 8, BOMETE S A
[i] PN A 1) BRI

3) ‘He R ZFEH T K RS “CRIM R
TEARSE LRI WA IEA GG R, B T B A2
RAATERE . ‘He7E At A FR rg Hb X 4t T 7K it 2R
R MR 0. 15 F10. 33 em’STP/(gka) , X T X I
N AT RER AL “C e 4E R A KA, AR AR
H “He 14 i 7 SR RH R 5 KL S B3t T /K R A%

4) ARG HL R AKHE S S R 5 YR TE AR IR
M FR, IR L Rl A5 T K RN 25 DX 2 HE
XA S, H AR . X T 3 R K AR
/T 6 800 aBP HYFE M, HL A5 T KAE A
W IEASCC R, AliE o A S R A R AR AR
iR KA ARIS

BUst: AR A K SR A R TE A AR S AT 41 A
PR TTRALH:, skEMk, §HE. HTFT%ES5T
2014 4 2018 4E (T IR 23 B Ef 2 A . teAh, S 2014
AR5 A WA 25 9 N LA - CHKIR Najiba, CURREL
Mathew, SEDIQQUE Ashraf, 34k . 3kHEAE | 2500, 2R
Teth . RN SN ERE Al Z2018 4EEFAL
WOFFAT 2 N A skim FH . DHAOUI Zahra, AR-
SLAN Sebnem. 5EE skky . HA ., WE . RAMZEE.

2013,3(4): 322-329.

[3] BETHKE C M, JOHNSON T M. Groundwater age
and groundwater age dating [J]. Annual Review of
Earth and Planetary Sciences,2008,36(1):121-152.

[4] SUCKOW A. The age of groundwater — Definitions,



%4 1) AR,

S BT ZRRPT BT 5 IR R R RAFR IR 103

[10]

[12]

[13]

[14]

[15]

[16]

[17]

models and why we do not need this term [J]. Applied
Geochemistry, 2014, 50: 222-230.
CARTWRIGHT 1, CURRELL M J, CENDON D I,
et al. A review of the use of radiocarbon to estimate
groundwater residence times in semi-arid and arid areas
[J]. Journal of Hydrology, 2020,580: 124247.
MA H, YANG Q, YIN L, et al. Paleoclimate interpre-
tation in northern Ordos Basin: Evidence from isotope
records of groundwater [1]. Quaternary International,
2018, 467: 204-209.
UMW, NIRRT, SRARKE S5 . SRR T K R 2 R
Ml H S AR SC R [T]. MLk 2 4, 2007 (6) :
550-554.
BRARLL  VPRL, 9K, A VU RER IR b X 3R R AL K
TE/REFSE [T]. HhER 53458 ,2008(3) :237-244.
M2 SROGHE , 3 T b, 55 . I PR ) 3% 05 B R
) AU ISR K YA R AELT ] B BE 4 , 2009,
28(4)-515—522
HEAE, B4k 228, 5 . HUT K AR /e 1 R KA
37:'435’1 FBTFERE Y] HER S5 EREE, 2011,39(1)
113-120.
LU Z T, SCHLOSSER P, SMETHIE W M, et al.
Tracer applications of noble gas radionuclides in the
geosciences [J]. Earth Science Reviews, 2014, 138:
196-214.
JIANG W, WANG G, SHENG Y, et al. Isotopes in
groundwater (°H, '*O, "C) revealed the climate and
groundwater recharge in the Northern China [J]. Sci-
ence of the Total Environment,2019, 666: 298-307.
KREUZER A M, von ROHDEN C, FRIEDRICH R,
et al. A record of temperature and monsoon intensity
over the past 40 kyr from groundwater in the North
China Plain [J]. Chemical Geology, 2009,259(3/4) :
168-180.
WEI W, AESCHBACH-HERTIG W, CHEN Z.
Identification of He sources and estimation of He ages
in groundwater of the North China Plain [J]. Applied
Geochemistry, 2015, 63: 182-189.
CHEN Z Y, QIJ X, XU J M, et al. Paleoclimatic inter-
pretation of the past 30 ka from isotopic studies of
the deep confined aquifer of the North China plain
[J]. Applied Geochemistry, 2003, 18(7): 997-1009.
EDMUNDS W M, MA J, AESCHBACH-HERTIG
W, et al. Groundwater recharge history and hydrogeo-
chemical evolution in the Minqin Basin, North West
China [J]. Applied Geochemistry, 2006, 21 (12) :
2148-2170.
i (A, TR, B A Tk F T Y S JRR LAY 2 TR

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

JEHL R K “C AR o3 A
2018,54(2):1-4.
BGEAE, B3R, XU . T8N B T 5 A RRAIE A H
Wi l]. TTARA4:,2013,35(3) :20-24.
EF L BRA VL SF L R 304N R B R
TR AR ] K3C,2017,37(3) :36-41.
SRAF I VTV, B0, 55 . KR T Copula BRI T N 2
BARET R[] AR, 2019,40(9)
110-120.
sk EAE, 95 20K, BRI J5, 45 . RN B 1:20 J7 XA
AKICHI A (R ] M AR B MU R, 1981
LIS, DONG L, CHEN J, et al. Vertical groundwater
flux estimation from borehole temperature profiles by
a numerical model, RFLUX [J]. Hydrological Pro-
cesses, 2019, 33(11): 1542-1552.
TRDUME . 2 5 3 K PR S5 BT %
WFFE[D ] 3 b BT A (), 2013,
AESCHBACH-HERTIG W, SOLOMON D K. No-
ble gas thermometry in groundwater hydrology [M ]/
BURNARD P, ed. The noble gases as geochemical
tracers. Berlin: Springer, 2013.
TS BRSETE R K R A AU AR AT T
L] KRR R, 2016(6) - 8-14.
CLARK I D, FRITZ P. Environmental isotopes in
hydrogeology[ M ]. Boca Raton: CRC press, 1997.
Wiz, E R, B2, 55 . Tt R 1L T BT it T 7k
ARIETRT D], Mo A S TS, 2014(4) 1 288-293.
MULLER T, OSENBRUCK K, STRAUCH G, et al.

Use of multiple age tracers to estimate groundwater

FAELT ] HR KRR BB,

residence times and long-term recharge rates in arid
southern Oman [J]. Applied Geochemistry, 2016,
74: 67-83.

KUTSCHERA W. Accelerator mass spectrometry:
State of the art and perspectives [J]. Advances in
Physics, 2016, 1(4): 570-595.

SYNAL H A. Developments in accelerator mass spec-
trometry [J]. International Journal of Mass Spectrome-
try, 2013, 349/350: 192-202.

HAN L F, PLUMMER L N. A review of single-
sample-based models and other approaches for radio-
carbon dating of dissolved inorganic carbon in ground-
water [J]. Earth—Science Reviews,2016,152: 119-142.

HALDORSEN S, van der PLOEG M , CENDON D,
et al.
(G@GPS)[J]. Episodes, 2016, 39(4): 556-567.

TOTH J. Groundwater as a geologic agent: An over-

Groundwater and global palacoclimate signals

view of the causes, processes, and manifestations [J].
Hydrogeology Journal, 1999, 7(1): 1-14.

(REHRE FHF)



