e 5t = 430 5

Caj-cdiET2ZHETI
HYDROGEOLOGY & ENGINEERING GEOLOGY

AR IR T K ORI RIGE R

& %, TR, 95F, R—%, A2E, £ @&, TR

Radiocarbon dating of Quaternary groundwater in the North China Plain and its implication to 14¢ correction
LI Jie, XIE Yuxi, TIAN Lijun, XING Yifei, LIU Yulian, JIAO Xuan, and FEI Shuchen

TEZR AL View online: https://doi.org/10.16030/j.cnki.issn.1000-3665.202409049

AT RE RSB HAN S R

Articles you may be interested in

i Sul A S A ) WY AR SR NS e
Present situation and research prospects of the land subsidence driven by groundwater levels in the North China Plain

SRUEIN, 253, EI0E, BRIE, PG, T2 e, ARAEHE, FERER JKSCHBT TR, 2021, 48(3): 162-171
i T S DX b 7K AR 2 KA 9 B 4T

Discussion on ecological water level threshold of groundwater in Baoding Plain area

RS, TOCR), Be g, SHER, T, BEEE KU TR L. 2022, 49(5): 166-175

Mo R KRGS HEAL - BAC/ N R R IR R AT 5T

An experimental study of the influence of groundwater level on water consumption of winter wheat in the Huaibei Plain

iR, sk d 7, XIFRE, TARE, FRE AKSCHUR TR, 2021, 48(4): 15-24
VLD BRI A DX v At 7K BP0 A LA

Distribution and genesis of high Fe and Mn groundwater in the northeast of the Jianghan Plain

BEFe, W, BRAEAE, T35, T, WO, IR K SCH R TR 2019, 46(4): 18-25
VP R A A A SR R

An analysis of the evolution trend and influencing factors of the groundwater flow field in the Sanjiang Plain
XA, B B RE, XA, FRAB2E, 253641 /K SCHbJo T AR MR, 2021, 48(1): 10-17

P I <1 DX KA A L A R AR A5

Evolution characteristics of total dissolved solids in the groundwater level funnel area in the Hufu piedmont plain

SKATRR, TROCHE, ISR K SCHE ST TR BT, 2021, 48(3): 72-81

KA ARS, B LR E


https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.202409049
https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.202012037
https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.202112020
https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.202011053
https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.2019.04.03
https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.202008044
https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.202009047

Vol. 52 No. 2 FRK o TR %52 2
Mar., 2025 HYDROGEOLOGY & ENGINEERING GEOLOGY 2025 4E 3 A

DOI: 10.16030/j.cnki.issn.1000-3665.202409049

ZEBE, TR, AL 7, A AR AR DU Z T K C s AR 7 vk B OHGE PR RR T 9] K SCH B TR 5T, 2025, 52(2): 14-24.
LI Jie, XIE Yuxi, TIAN Lijun, et al. Radiocarbon dating of Quaternary groundwater in the North China Plain and its implication to "“C
correction[J]. Hydrogeology & Engineering Geology, 2025, 52(2): 14-24.

el FREMAEM TKYC EEFERLEERHEERT

F RLUHFR BRI M-, EE R B, AR
(1 TP RERFRMAFHRRMTRFTEERNSEELHKFTIHRILATF S, LT 100875;
2. MR BRFFAFFR, M BFRE  050031;3. PEEFAFE, LT 100037;
4 REXZREKZAHFFR, RE  300072)

FHEE . “C IR M T /K AR B 5 i, (H 32 C s AR AR v B W 46 C B SR B 0 I SR b BR b 2 T R S R, MR K
UCARRMIAETE B KA o i A b JRUER DU R ¥ K MC AR, 7R HE %2 4T IX I JH 30 XIS Rb 58 T 27 4 8h R K C B, S5 G
HIEATE AL G S5 SCHERECHE 65 20, T3 43 B BIF 58 DX K Ak 2 i A R R A e b T 5 /K 2 S 808, 1 4267 I b R K
UC AL IERE T WA R, F 22 PE SR T —FhPE Al M R K HC AR IS HER P A i . SRR (DWFSE IXKHL T /K MC AR IEAR T
FIHI IR E 2 87.0 pMC, 1% 7K )2 SEHR U i ] B2 A 2006 5 (2) R /K 4Rl 57 25 28 Akl i 4.2 ka B9S85 5 85 F 4 RUB Il 2 R4 53
TR =B B (3) AU S 3R U ZR b R 7K C B i Y R K ) 2 R AL, S AV I - M R K MC S AR 45 R R *He/M Krr
AEGERAE 300 m IREAUEE KZES, R EC e FEIT BRI, DL 4.2 ka 9S00 55 SRR Lo R F AR R 9508
) b T 7K AR I 7 38 AR fb & — A RO R 7K MC AR IR I R 1 D vk, (RFE TR 2 B K 2 v U R R O s AR k.
KR “CAEIRAIE; Hb T K HRLF I AU S W EE s 4.2 kas BrAl e AR

FESES: TV211.12;P641.1 XEFRERD: A XEHS: 1000-3665(2025)02-0014-11

Radiocarbon dating of Quaternary groundwater in the North
China Plain and its implication to “C correction

LIJie', XIE Yuxi', TIAN Lijun®’, XING Yifei’, LIU Yulian*, JIAO Xuan', FEI Shuchen'
(1. College of Water Sciences, Beijing Normal University/Engineering Research Center of Groundwater Pollution
Control and Remediation, Ministry of Education, Beijing 100875, China; 2. School of Earth Science, Hebei GEO
University, Shijiazhuang, Hebei 050031, China; 3. Chinese Academic of Geological Sciences, Beijing 100037,
Chinas 4. School of Earth System Science, Tianjin University, Tianjin 300072, China)

Abstract: “C is commonly used in groundwater dating. Due to the uncertainty of the initial “C contents (4,) and
the complex geochemical processes in the subsurface, the '“C ages were corrected but remain largely uncertain. To
determine the groundwater age for the Quaternary aquifer in the North China Plain, 27 new "“C samples were
collected from the Xiongan Area and its surroundings. Combined with 65 '“C samples from published references,
the initial “C content (4,) was determined after analyzing the hydrochemical evolution and constructing a
parameter model of the aquifer. A feasible method was proposed to evaluate the accuracy of '“C ages. The initial

“C content was expected to be 87.0 pMC, with the dissolution of dead carbon being neglected in the aquifer.
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Oxygen isotope in groundwater can be divided into three stages by two climatic anomalous of 4.2 ka and Younger

Dryas (YD, approximately 12 ka). There is a significant divergence between "“C dating results and *He/*'Kr ages at

the well depth of 300 m in the central and coastal plain, which indicates the arrival of the "“C dating limit.

Therefore, the "“C ages can be evaluated by oxygen isotope in groundwater divided by two climatic anomalous of

4.2 ka and Younger Dryas. The "“C method should be used with caution in the deep aquifer.
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Fig.1 Study area with groundwater sampling sites
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Table 1 Major ions and isotopic compositions of groundwater samples in the North China Plain
o m BN @ O T g0l o/ R (p)/ (mg'L™) SO e
°E NoOpMC % % %  ca* Mg® Na© K HCO; cor cr  sor /(hel?)
1 130 115.824 38.796 152 -11.0 -109 -81.2 2060 126.0 481.0 23 2810 0 390.0 - 2026.0 0.7122
2 150 115.839 38996 552 -10.0 —-9.0 —655 60.5 68.7 344 0.5 443.0 0 58.6 21.5 879.0 0.7113
3 150 115.806 38985 21.8 —10.1 -9.9 =709 53.7 313 40.8 1.8 295.0 0 27.4 52.6 576.0 0.710 7
4 150 115.769 38.995 36.3 -9.6 -9.7 =700 68.0 45.3 44.7 1.3 393.0 0 359 63.1 670.0 0.7110
5 180 115.846 39.006 125 —10.5 -9.8 —69.9 324 19.8 31.8 1.9 2450 0 2.1 29.5 383.0 0.710 7
6 100 115.620 39.010 45.0 -103 —-93 —658 68.8 433 16.5 1.1 4220 0 18.9 9.1 489.0 0.711 6
7 65 115519 39.040 65.8 -9.2 -89 —64.5 70.5 29.7 13.7 0.9 3380 0 18.3 7.0 349.0 0.711 8
8 71 115.500  39.066  69.7 -82 86 —-622 71.6 19.9 94 08 2750 0 17.9 8.0 275.0 0.711 4
9 60 115.457  39.086 70.1 -79 88 -633 91.6 13.4 124 03 2850 0 14.7 13.3 233.0 0.7112
10 300 115.431 39.106 733 -83 -89 -63.7 67.1 21.8 84 03 266.0 0 9.6 14.5 144.0 0.711 8
11 100 115410 39.105 699 -—10.1 -92 -648 599  26.0 54 05 2770 0 6.8 7.1 98.2 0.712 1
12 200 115417 39.099 633 -10.8 -9.1 —-652 664 270 63 06 301.0 0 9.3 9.4 130.0 07121
13 175 115344 39.067 758 -—10.1 -88 —634 242 237 13.7 31.8 2000 104 9.0 13.3 72.0 0.711 6
14 100 115.331 39.062 81.7 -85 —-8.8 —63.3 63.0 26.8 6.3 04 279.0 0 7.0 19.3 94.1 0.711 6
15 64 115.295 39.059 76.0 -9.1 —-8.1 —59.2 63.8 27.8 11.9 1.0 280.0 0 11.9 29.7 123.0 0.712 1
16 60 115.444 39.051 705 -10.5 —-9.0 —64.1 108.0 27.7 28.2 04 423.0 0 33.1 223 467.0 0.711 6
17 64 115.403 39.049 723 -9.6 —8.9 —64.8 89.4 15.2 12.0 04 3320 0 12.2 5.8 291.0 0.711 4
18 180 115.355 39.058 74.7 -7.8 -7.9 =550 55.6 19.0 9.8 0.6 206.0 0 10.6 36.9 159.0 0.7115
19 178 115351 39.098 87.7 -8.1 —-8.8 —62.3 64.7 31.6 8.2 0.5 2820 0 8.2 314 75.3 0.7119
20 s 115480 39468 930 -10.0 -84 —60.5 455 415 9.3 1.2 213.0 7.8 94 557 110.0 0.714 3
21 s 114970 39.407 850 -10.6 -89 —657 522 210 17.9 1.6 147.0 6.9 10.7 974 1155.0 0.706 6
22 3 114905 39.017 83.1 -9.1 92 —672 51.1 41.0 134 20 2420 8.9 17.4 49.2 144.0 0.711 4
23 100 115.824 38.797 11.8 -11.1 -109 -83.0 147.0 683 323.0 1.9 1470 159 261.0 799.0 1234.0 0.712 1
24 100 115945 38.874 178 -103 95 =734 277 132 1330 09 2520 148 58.3 80.8 234.0 0.7109
25 100 115857 39.046 500 —17.1 -85 —624 681 492 283 1.6 3720 291  57.1  33.0 703.0 —
26 200 116.104 39.004 155 -13.1 -—-11.1 —82.7 19.5 6.8 85.9 0.6 206.0 0 41.0 35.6 318.0 -
27 300 116.061  39.048 77 -—13.1 -113 -824 15.0 7.0 532 1.0 1940 0 58 219 282.0 —
e—fLBE; RAE o PR MG 3 — M A A 2 B il i F 5T X

R—AMA % /(ma');
H, z— 5% /K)Z R fm FERFETRE /my
X, X —# M 8 BRI R B 7K 2 0 B /m
WF5E X 4D 45 3 R B % Lin 09 B8, & M
0.1 m/a, & 7K)2JEE K 300 m, ¥ KA 5 35 B4 A 18
3 km DL RSN, XA 8008 5 3000 TR B R AR —
H, “CHF#/NTF 1500a, £ JETE 115.40°E—115.60°E
Z ) B FE S A3 A E X R 3 km, XN 6 km 1 B i 2%
B3, AR O 7E 1.0~ 2.5 ka 2 6] . S Ak, B KT
116.60°E [ 2 /> % 48 K I T Chen &5 U5, F£ 5 5 A7 F
T 22 3 DX L, SRS 4 BEORTE X A, H i Tt
HB A 1L R B AR AR, SEBR IR B TS AE 6 km Y L Y .
TR KBE S BT K & K2 AEBR (115.35°E) 1 fe e #E 55
7 (116.14°E—115.35°E) x85 km=67 km, Hi, F 7K "“C 4F {#%
SAARTE X h 10 ~ 67 km Z [A] A HLE M Z 0 B (K] 5) o
e AR IS R 20 ka, ok A BIFFT X 5 4R % H- 0K 300 m 1)

MR K AR e A 55 1C AR RS SRR — 2 il el Rk
fdi ] 87.0 pMC 1E 91 4R “C & & 47 3 T K “C 4 ik
R IE &5 BT AF Y

4 SRS

R T A i bR K B 48 TR 407 2R AR AE

A 58 X M T 7K SRR R FE 7.7 %0 ~ —11.7 %0 Z 1]
A, 1B 6 R T SRR E [R50 3K B ML T 7K AR i 1Y A2
b, RET LIS = BE. 4.2ka LIE, AR AR
FE (6 1), A BIRE R A 00 i, HIHR A Z 0 T A
WREIKLE T I, 28— ERER KL, T KA
a5 KT 12.8 ka Bif, 48 [R] 407 28 38 B0 0 AH AR RO IR EL,
&7 B FHATFE S I SRS, 555 — BBl S ka LUK
T 0 A A% Ry B AN [R] o b T K e 1 R AR TR
J 2% 5 e B vk OB 01 5 4t 22 TR] ) O 438 25 R A
5~9°CP 21 F 42~12.8 ka Z [a], # F /K& A7 R %

4.1



2025 4F Ze HE, S ARdR TR U R M T K YCRE AR D iR S OHGE R - 19 -
1000 ¢ 1000 10 000
a b A s c
—_ a _ I
- K . T l0p e = 1000} .
= 100 A o oo ) = A pmA
& s oA © 900 %P, &0 A%AOA oo a o AﬁﬁﬁA
E ag o A, E lo-zﬁpAOA “ B IOO-WA A,
e 10 AAAAAE; ? AAA = oo ° ° 0%a o R
‘s I o0 < A o & B
L 10} o
T |8 o g e < e
1 0.1 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
4C/pMC 1C/pMC BC/PMC
10 000 600 10 000
d e f
s a ~ 500¢ . _ s s
;IOOOA?A ’fn400. K oovo :_]1000' °
&n S ha 2 % ° féo Aa .
E 100 ‘rfff e R 300-°§>°:o s wlepoo & = 100 -%5@#& 6 M.,
= ° ° ° ™ ° LYY o = o o® oA ® o
= o % Ay . Am 8 200 (40 %0 a L. e <] ° S%°
C 10 52%8 Jou T A@*A o 2} 10+ °o o cbq)
< ° 100} a2, <
) B 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
C/pMC 1C/pMC 4C/pMC
» o SCHR[18] o =it
2 AL E R TR ZIERR ( CI.S03 (HCO; .Ca*, Mg”.Na' ) 5"C SEBMXF
Fig.2 "“C contents vs. major ion variations (CI', SO3~, HCO;, Ca*, Mg*, and Na®) in the North China Plain
g 1] 4 3 g
T BB A =08 43 AR R AL - S i b 50 R e 0 1
0.025 _ . 120
o5 . R
o
0.020 | ¢ HIFIK 100 |
o ED o
< 0015} . 80 - fing
g ° 0 8 o B
“0010F o ° e Z el o R
o @ =
° 9 ° -
0.005 | ° 0 40 b °% A
a ° 3.0'0 S o U 1)
0 20 40 60 80 100 20r S,
° A
HC/pMC o o
0 L L A L L ]
0.715 ¢ -25 -20 =15 =10 =5 0 5
07142, R 0" Cl%o
0713 LR o Hi Tk 4 o JCHR[18] = 3CHR[19] o JF  mig
0.712 F 039... . ° 4 i FFEHTKC 16 C T
%’ 0711 °°50 Fig. 4 Changes in "“C and 6"C in groundwater in the North
z 8;1]2 I China Plain
el TE: BB AN = f0 4 B ST JBE 1 A 5 e AR
0.708 [TE AN =0T 23 SR AR ST S A b 50 i R i ) v
0707}, TRERER )
e e Gl . A TSkl A WO R RS i o 2
0 0.005 0.010 0.015 0.020 0.025
St/Ca R SRR s T PSSR R, 43 AAE 3.5 ~ 5.3 ka
B3 AL PR TKSe/ *Sr # Sr/Ca Tk 117 ~ 12.8 ka Ze A7 (18] 7e) o 3k P> 455 5 B9 8 22 )
Fig. 3 ¥Sr/**Sr vs. Sr/Ca in groundwater in the e WU ek EICE (K 7d), HiME

North China Plain

AP TAIS

AR A B SAE T AR IR Y 4.2 ka S
FH Il Ze AR (Younger Dryas) F 476 Hofl S A B A S8 45
L RIEEA BT R R, WKL 7 iR o o AR AU IR A A 5
C-0 i 5% (&l 7a. b) K W7 4.2 ka Bf £ 16—~ W] 1 (1

A IR i £ e [RIFEAE 3.5~ 5.0 ka AT 11.5~ 15.0 ka
XA A R AE (] 7e) o “4.2 ka S, &
M 2 HHE 1Y 0 e —— g i h Az AR Meghalayan Age)
BTG, 38 H T8 3 22 3.9 ~ 4.2 ka 22 8] (9S4 S 5 28 Ak
Bl AR E AR & AR A 11.6~ 12.9 ka R i —

AP AR AR R A L AT L M



20 - K SCHb 5 T Hb T 552
%
114.80°E 115.00°E 115.20°E 115.40°E 115.60°E 115.80°E 116.00°E 116.20°E 116.40°E
0 OO
a
50
100 o ) oo o e z
°
s 150 eoo oe
g L) °
=200 - . H
A~ =
250 L TR KE
WK EKZ
300 ° )
350 -
4 251
b / c ;
X=3,X=6 / o _-" e
2
5l J/ 20 Xx=3,x=67 °
//
g ° /f/// E 15k @ °
% ° o) " 5;'\2; ° )
o — . [ ]
27 P / 5
o 8% ° / e
b3 ° / L 10f
° b3
) / °
1k ° ° // ® ,
=7 X=3,X=0 5r H -
° Y L —— 1
- X=3, X’=10
B==—T"_ L o . . ) . . . . . . )
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
I/ I/

E5 TKFERSHESER (a) RC EREHRMXR (bFc)
Fig. 5 Conceptual model for groundwater age distribution along the flow path (a) with the "C ages vs. well depths (b and c)

e G, WA (s A Bk E_EUREOK . TR K . IR EK; 4 2FE 2R (R=0.1 m/a, H=300 m, X=3 km) X i & R FEG X,
2354 0, 6,10, 67 km,,

42ka YD
-4
-6
o r'S
§ 8 0 A
o) Y%t A 4 A
= -10 TR BOpm
Vo4 Ao -} o %:F )
-12 s °
714 1 1 1 J
10 20 30 40
14C 4R /ka

A SCHR[18] = SCHR[19] o AL
6 EIAFRMTKERMLERE"C ERHTK
Fig. 6 Oxygen isotopes against “C ages (year) for groundwaters
in the North China Plain

. Jerse. #EETURY T AR AR AR 1Y
KIT 4.2 ka FUHAN L ARG FAF AR

B 2 A = A X6 0 A R U k) (¥ T A f ) [ 4
B A R K AR ZE B, Rtk Bk, Horh 4

it KB (BE 4 5 ~ 8 ka A2 4 ) B = XK o, S AR
T, BRI, KEHE 5 ka AfJa &5 W, S m 5.
R, 12.8 ka LLRT A4 RN 3R HLMEARAR 2 T vk 9808
B, 4.2 ka Dok B A R R AR T 2 2= 08055 19
AHXT R B T R . R, 1B SCRAX 2 AR R] S AR R
X PR AN A B B 1) 2 A8 T i 1) B B 58 A% ok DA b
TKMC A BRU E R YE . RIS AR S
UC Era, ARYES (1), TTRAREC WA A,

4200  In(A,/A,)

12800  In(A,/A,)
o, 4, 1A, 53 BRI B —RES 5 AR I MC
IR G S E A — B R, (% R AR
KR —FIEM C AR HER M A T B . 4, &
[F) 57 2 A B B PR AR AL 7R AR IR A T, R 8 43 b 7 45
M AT R B, L 4.2 ka =544 FUBT AL Zo AR = 44 by b
TAKMC B WA S B S EGHIEN., R

(3




B, A5 AR JRER DU Z 3 T K CRE AR vk B G I T 21 -

2025 4F Zs
42ka YD
|
g |
5 a |
o} |
= I
| [ 412
|
b {-10 £
: | g |}
| — o}
£ ! i ©
£ 600 | ]
i I |
% 4801 | |
& ! | o
£ 360 ! | g
il =y
I €
o dlr 126 &
. : =
2 o5y ! W 5
== | i
E 20t ! 3 i
st ! | =
£ ! I

01 23 4567891011121
iF/ka BP
7 HtSEERIERERITLIL
Fig. 7 Comparison of 6”C and 6”0 in stalagmite and other

geological archives

T a HAEALTEA 55 60 1851 b RWARAL TR 55 6°C T8k ¢ ARl

IR AU S A K Y, d SR I UL 605 LR ¢ AT
AR AR

W, T KBRS L KA AR AR KR
AR 45 S PR, TR KA Sty U AR A

140 a
120 -
DA
100 -
[ o°
P
v 80} =® o
E‘ ? ’ c% AOO
[$) 60 - N a °
3 a °
40 b o, °o A
N (=]
20 4 Bag e 2
éAAAsg%AA N
0 1 L eé0 g ol 1 Al )
114.0°E 115.0°E 116.0°E 117.0°E 118.0°E
ZE
120
DA ¢
100
=0 o
80 »
Q %oog « N °
Z oeofra 2o,
o ° g
= °
40 2" ® N
o
A
20F o A B
%0 o0 mppt 8,0
| o L4 o 4 )
0 100 200 300 400 500 600 700 800
FH%/m
ORI a3CHR[18] = 3CHR[19]

FEAR TR, AH A B i Pk S 7 R AR R AL 3R 4
S EAT RS AT HEREE, A IR C AR R M
42 HLFKMC IR 4 A 1S R

THAEE R KW Sl R 7K “C AR 7E 0 ~ 37.5 ka
ZIE] o MC B i B A 2 B R I AR, S AR A T
FEX I AR (B 8) o A1 ZE—H K —8 N —h T 7 X
2% [l 37 28 7K SCHi B TT L, C <50 pMC A FE S
T 115.00°E LA 7R, 1 xd F e i, “C % & <50 pMC
FIRESH AL T 115.80°E AR . X Fh2s il B ER 510
A BR Y 23 (8] 40 A6 R FF— 3. “CARIR/NT 10 ka 1Y
B i 3250 A AE Ll D i e R VT R A C
AR JEAR K T 10 kao fE 7555 51 56 B 1 52, C £E 3
S-SR AT IR N R EFIRE, HE R B I E &k F)
O AE AR, b 7K AR I 7 v 3T S R T - i 1%
#id 35 kao IR LA, bR AKAFR IS SEABE & IR B
ST HE 0 e B X ER /N T 150 m R LY C AR
W& L LA 57 FE — 1 7K — 7 P V8 T ) T, HERT
LI T E O] T s 200 M R KRR o XS
MU5CH MR R R — 2, M 1985—2000 4, A K JE
BRFSUT 1 7K 2GR A9 48 18T AL 100 m 384 0 2] 150 mB, %)
LA G 7K — i PH— v V5 5 T AR AN TR 445y, 2004
AEF 2005 AR A RIRE Y EE 1999 AFEAURE S AR IR 2 .

40
] e o b
35F °
o8
30 o °
< 25F ° o°
=
& 20} o oo
%o e Qe
st 0 J208° o o
o8 ° °
10 N o oD o
o
o
5k o o Ex ° o g °
?ﬂ ° DID 1 1 1 J
114.0°E 115.0°E 116.0°E 117.0°E 118.0°E
G
4071 o © o d
- °
35 o o °
301 & °
s 251 o © °
= 20F B &
® 8 °
st o o n:{‘ °o
o ° 3’3
10 g Do
o
st °B ED °
°e8 ol o g
o L ) 7 1 1 1 1 )
0 100 200 300 400 500 600 700 800
HR/m
© HER I G-I o AR

8 HLTFEWTAC EEREREZEMFRNKXR

Fig. 8

“C content and ages vs. longitude and well depths



- 22 - 7K SC L T

%24

HC B f B A TR B i R I (181 8), 21 300 m I
TRIE, RER A4 al C & AR T 20 pMC. 420 F iy
“He 45 3" 7R 300 m (1 Hb R 7K 4F #% 7 38 ~ 380 ka 2
] 3 A o 3K B I C 8 AF U7 Tk 43k B e AR RR,
TE R T 7K S K 2t If ARG H . *He FYKr & 48
IR IE] 400 m RJE 5, HT K AE % AT 38 500 ka.
AR, XGRS OB 2 AR R A M T KRR R ]
g3 o AR, BISEAE b T 7K TR A 55 1 5P 2K 22 30
JEAP A E K2, 400 m IR A9 R K, YKe ik B T
200 ka®', ELPH Y Guarani B 75 & K )2 & 7K 5544 A0 X
BT, 7E 400 m TREE T, Hb T /K ¥ Kr AR5 3 70 kat,
XM, HR K MC R A DT R AE 300 ~ 400 m X A Y
TR Bl NS 25 500, 1 HL 58 2R 18 T IR )2 R
Ko F35b, Yokochi S0 Xt T 2 RO [A] 9 C SRAE T
e MBS CO, TMRMIK “Coo, AUE G IK TR
B R AR KM “Cryeo A5 R RUITERD A F K2 h
DIC iy "C % & & i /N T CO, 1 C & i, e K2 Al ik
6.5 pMC, Ji B Jy R A B B = RIR & . DAt
HEWT, 1% G5 R FE D7 245 2 09 1R 7K C 8 A 25 R Tl RE
23w/ o AHRAE AT — 48 092, SR TE 300 m DATR I &
IKJZE P HC ARG RN A, (H RS 3 1Y C IR
S5 JEAK SR 3 PR it A% 5 1 Jn i 15 n ) # A i
Uh, 7E 300 m LA 9 ¥R B3 Bl N C ARSR 7T LAE R 8K
H R AR AR WA K/ IN S R 1

5 45

(1) AL J5 T 7K C AR I8 £ 1E 90 4R C & &t
1 %€y 87.0 pMC. W UG (E A5 5] 1 4207 J5i T 7K
AP o3 A MR A B TR T AH e S BRI

(W5 XL N AKFA =AY 2 N RAE 5 4.2ka
FAE UL Lo A 8 B OCHK, 2 1P A6 M R 7K MC AR
W ERR PR BT B SRR L A A XUR BR
SERZRM, I nT AT ERURE 8 e R — e

(3) W Ml 7K GE 1), AL i P D 81 v 358 57 i 31 5
T J5, DX R K C i R B R . 20
FUFF RS0, A5 IX R A 5 K — M —ih 1
V5 ) 57 3R 7K S Hl J5T 1) T[] 4 TR BE 2% T b K AR i
FEHT o AE T S R T AR ) Y TR R MC AR T
LAE 300 m H AT B 1k 3 H B AR BR .

£ Z @k ( References ) :

[1] DEGRAAFIEM, GLEESON T, RENS VAN BEEK L P

H, et al. Environmental flow limits to global groundwater

[2]

[3]

[4]

[5]

[6]

[7]

[9]

[10]

[11]

pumping[J]. Nature, 2019, 574: 90 — 94.

MRAFER. <Hb T KB 5 TR BHE sy I ST 5
HoRem s [T]. 35 Mo 27 i (B ERBL 270D, 2007,
37(2): 209 — 215. [ LIN Xueyu. Historical change and
prospect of discipline development of “groundwater
engineering”[J].  Journal of Jilin
University( Earth Science Edition), 2007, 37(2): 209 —
215. (in Chinese with English abstract) ]

R, v 2R R R g -4 KA IM]L st
Bl2AH s, 2018. [ Chinese Academy of Sciences. China’s
discipline development strategy-groundwater science
[M]. Beijing: Science Press, 2018. (in Chinese) ]

TEAR W, Rk, Bl g, 55, AL R K SCny #4118
Jit 55 e B [0]. A0 R 2 2 i (B AR 2= M), 2015,
43(5): 406 — 413. [ WANG Jiyang, CHEN Jiansheng,

science  and

LU Baohong, et al. Review and prospect of isotope
hydrology[J]. Journal of Hohai University(Natural
Sciences), 2015, 43(5): 406 — 413. (in Chinese with
English abstract) ]
KAZEMI G A, LEHR J H, PERROCHET P. Groundwater
age[M]. Hoboken, N J: John Wiley & Sons, Inc, 2006.
HAN Liangfeng, PLUMMER L N, AGGARWAL P. A
graphical method to evaluate predominant geochemical
processes occurring in groundwater systems for
dating [J]. Geology, 2012,
318/319: 88 — 112.

LI Jie, PANG Zhonghe, FROEHLICH K, et al. Paleo-

radiocarbon Chemical

environment from isotopes and hydrochemistry of
groundwater in East Junggar Basin, Northwest China[J].
Journal of Hydrology, 2015, 529: 650 — 661.
L AEL. TR 2K 32 M. db 5t Bl R AL, 2011,
[ GU Weizu. Isotope hydrology[M]. Beijing: Science
Press, 2011. (in Chinese) |
HAN Liangfeng, PLUMMER L N. A review of single-
sample-based models and other approaches for
radiocarbon dating of dissolved inorganic Carbon in
groundwater[J]. Barth-Science Reviews, 2016, 152: 119 —
142.
CARTWRIGHT I, CURRELL M J, CENDON D 1, 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.
XA . MR 7K MC AR IR A IE 77 i —— LU 3B 7 oy
i (30, K SCHb BT T AR 15T, 1990, 17(5): 4 — 8. [ LIU
Cunfu. Correction methods of "“C ages of groundwater:

With the Hebei Plain as example[J]. Hydrogeology &


https://doi.org/10.1038/s41586-019-1594-4
https://doi.org/10.3876/j.issn.1000-1980.2015.05.004
https://doi.org/10.3876/j.issn.1000-1980.2015.05.004
https://doi.org/10.3876/j.issn.1000-1980.2015.05.004
https://doi.org/10.3876/j.issn.1000-1980.2015.05.004
https://doi.org/10.3876/j.issn.1000-1980.2015.05.004
https://doi.org/10.3876/j.issn.1000-1980.2015.05.004
https://doi.org/10.3876/j.issn.1000-1980.2015.05.004
https://doi.org/10.3876/j.issn.1000-1980.2015.05.004
https://doi.org/10.3876/j.issn.1000-1980.2015.05.004
https://doi.org/10.1016/j.chemgeo.2012.05.004
https://doi.org/10.1016/j.earscirev.2015.11.004
https://doi.org/10.1016/j.earscirev.2015.11.004
https://doi.org/10.1016/j.earscirev.2015.11.004
https://doi.org/10.1016/j.jhydrol.2019.124247

2025 4F

A= B, AE AR IR MU R MR K HCRE AR 5 R B RS R MR - 23 -

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Engineering Geology, 1990, 17(5): 4 — 8. (in Chinese
with English abstract) |
PRUG Y, PR AR, Fi5. - E 30 J5 T K 4RI I S )
Wig (30, K B2 AR 47, 2014, 30(2): 1 — 5. [ CHEN
Xixi, CHEN lJiansheng, WANG Ting. A discussion of
groundwater dating in northern China[J]. Water
Resources Protection, 2014, 30(2): 1 — 5. (in Chinese
with English abstract) ]
WANG Tao, CHEN Jiansheng, ZHANG Chenming, et al.
"C - dating model for groundwater affected by CO, inputs
from deep underground formations[J]. Water Resources
Research, 2020, 56(3): e2019WR025155.
HUANG Tianming, PANG Zhonghe, LIU Jilai, et al.
Groundwater recharge mechanism in an integrated
tableland of the Loess Plateau, northern China: Insights
from environmental tracers[J]. Hydrogeology Journal,
2017, 25(7): 2049 — 2065.
LI Zhenbin, HUANG Tianming, WANG Gang, et al. A
conceptual model for correcting groundwater "“C age[J].
Applied Geochemistry, 2022, 143: 105360.
ICHE, EIRR, o i, A AR I IR R KR ERR
UL 5 1R B SR AR (30, R K AL, 2020(13): 26 - 30.
[ LI Wenpeng, WANG Longfeng, YANG Huifeng, et al.
The  groundwater  overexploitation  status  and
countermeasure suggestions of the North China Plain[J].
China Water Resources, 2020(13): 26 — 30. (in Chinese
with English abstract) ]
Kz W, SREET, Ak, S5 LT J5UER DO R bR K
SRR, KRG8 M BOK B IR —— A R E RS
[ 437 38 7K 3¢ Hb 5 ) T A Y (O] 7K SC BT T AR b o
1987,14(4): 1 - 6. [ZHANG Zhigan, ZHANG

Hongping, SUN Jichao, et al. Environmental isotope study
related to groundwater age, flow system and saline water
origin in Quaternary aquifer of Hebei Plain[J].
Hydrogeology & Engineering Geology, 1987,14(4): 1 —
6. (in Chinese with English abstract) ]

CHEN Zongyu, QI Jixiang, XU Jianming, et al
Paleoclimatic interpretation 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.

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.

MATSUMOTO T, CHEN Zongyu, WEI Wen, et al

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Application of combined *'Kr and ‘He chronometers to the
dating of old groundwater in a tectonically active region of
the North China Plain[J]. Earth and Planetary Science
Letters, 2018, 493: 208 — 217.

WEI Wen, AESCHBACH-HERTIG W, CHEN Zongyu.
Identification of he sources and estimation of he ages in
groundwater of the North China Plain[J]. Applied
Geochemistry, 2015, 63: 182 — 189.

XA, EARAL, F B, 55 Wb A D &R R K
36C1AF R B 72 (3], 7K STl J5t T M 5T, 1993, 20(6):
35 —38. [ LIU Cunfu, WANG Peiyi, ZHOU Lian, et al.
Study on the 36ClI age of Quaternary groundwater in Hebei
Plain[J]. Hydrogeology & Engineering Geology, 1993,
20(6): 35 — 38. (in Chinese with English abstract) ]
KA. AEAE T SR T KRB AL (M. b st 5Tt R
#t, 2000. [ ZHANG Zonghu. Evolution of groundwater
environment in the North China Plain[M]. Beijing:
Geological Publishing House, 2000. (in Chinese) ]
VEIZER J, ALA D, AZMY K, et al. ¥St/*Sr, §"°C and
3"0 evolution of Phanerozoic seawater[J]. Chemical
Geology, 1999, 161(1/2/3): 59 — 88.

R, g M, SR 2, AT SR R K BRI R
T RCHLER (3], Bk} 2 (] 3 iR 272441, 2008,
33(1): 137 — 144. [ YE Ping, JIN Qinsheng, ZHOU
Aiguo, et al. Formation mechanism of Sr isotopes in
groundwater of Hebei plain[J]. Earth Science, 2008,
33(1): 137 — 144. (in Chinese with English abstract) ]
LIN Dan, JIN Menggui, LIANG Xing, et al. Estimating
groundwater recharge beneath irrigated farmland using
environmental tracers fluoride, chloride and sulfate[J].
Hydrogeology Journal, 2013, 21(7): 1469 — 1480.
EDMUNDS W M, MA Jinzhu, AESCHBACH-HERTIG
W, et al. Groundwater recharge history and
hydrogeochemical evolution in the Minqgin Basin, North
West China[J]. Applied Geochemistry, 2006, 21(12):
2148 — 2170.

AESCHBACH-HERTIG W, STUTE M, CLARK J F, et
al. A paleotemperature record derived from dissolved
noble gases in groundwater of the Aquia Aquifer
(Maryland, USA) [J]. Geochimica et Cosmochimica
Acta, 2002, 66(5): 797 — 817.

STUTE M, CLARK J F, SCHLOSSER P, et al. A 30, 000
yr continental paleotemperature record derived from noble
gases dissolved in groundwater from the San Juan Basin,
new Mexico[J]. Quaternary Research, 1995, 43(2):
209 — 220.


https://doi.org/10.1029/2019WR025155
https://doi.org/10.1029/2019WR025155
https://doi.org/10.1007/s10040-017-1599-8
https://doi.org/10.1016/j.apgeochem.2022.105360
https://doi.org/10.3969/j.issn.1000-1123.2020.13.017
https://doi.org/10.3969/j.issn.1000-1123.2020.13.017
https://doi.org/10.1016/S0883-2927(02)00206-8
https://doi.org/10.1016/j.epsl.2018.04.042
https://doi.org/10.1016/j.epsl.2018.04.042
https://doi.org/10.1016/j.apgeochem.2015.08.010
https://doi.org/10.1016/j.apgeochem.2015.08.010
https://doi.org/10.3799/dqkx.2008.019
https://doi.org/10.3799/dqkx.2008.019
https://doi.org/10.3799/dqkx.2008.019
https://doi.org/10.3799/dqkx.2008.019
https://doi.org/10.3799/dqkx.2008.019
https://doi.org/10.1007/s10040-013-1015-y
https://doi.org/10.1016/j.apgeochem.2006.07.016
https://doi.org/10.1016/S0016-7037(01)00804-3
https://doi.org/10.1016/S0016-7037(01)00804-3
https://doi.org/10.1006/qres.1995.1021

- 24 - IR Sl 5T TR 4 5 552
[30] ZHANG Na, YANG Yan, CHENG Hai, et al. Timing and Chemical and isotopic response to intensive groundwater
duration of the East Asian summer monsoon maximum abstraction and its implications on aquifer sustainability in
during the Holocene based on stalagmite data from North Shijiazhuang, China[J]. Journal of Earth Science, 2017,

Chinal[J]. The Holocene, 2018, 28(10): 1631 — 1641. 28(3): 523 — 534,

[31] CHEN Fahu, XU Qinghai, CHEN Jianhui, et al. East [35] ZHANG Jun, WANG Xusheng, YIN Lihe, et al. Inflection
Asian summer monsoon precipitation variability since the points on groundwater age and geochemical profiles along
last deglaciation[J]. Scientific Reports, 2015, 5: 11186. wellbores light up hierarchically nested flow systems[J].

[32] I Junfeng, SHEN Ji, BALSAM W, et al. Asian monsoon Geophysical ~ Research  Letters, 2021,  48(16):
oscillations in the northeastern Qinghai-Tibet Plateau since €2020GL092337.
the late glacial as interpreted from visible reflectance of [36] AGGARWAL P K, MATSUMOTO T, STURCHIO N C,
Qinghai Lake sediments[J]. Earth and Planetary Science et al. Continental degassing of 4He by surficial discharge
Letters, 2005, 233(1/2): 61 — 70. of deep groundwater[J]. Nature Geoscience, 2015, 8(1):

[33] HOU Juzhi, HUANG Yongsong, ZHAO Jiangtao, et al. 35-39.
Large Holocene summer temperature oscillations and [37] YOKOCHI R, BERNIER R, PURTSCHERT R, et al.
impact on the peopling of the northeastern Tibetan Field degassing as a new sampling method for “C analyses
Plateau[J]. Geophysical Research Letters, 2016, 43(3): in old groundwater[J]. Radiocarbon, 2018, 60(1): 349 —
1323 - 1330. 366.

[34] CHENG Zhongshuang, ZHANG Yongbo, SU Chen, et al. YmiE. = E 4

WIRITURAARIBIC1 R

ZegE, I RUIBTE R AP KB I FE e Bl 20 4%, I3 [l (5 28 7K SCH B~ Al S Y 20 5
W TAE . AR R B K SCR A b 2R SRR 02 i1 1 rp [ s ek iy 2
PR T B 2R

E FRAEE 2 W E 5 A SRR 2= 5L 4 TAEA B BR-& 1R H 76 N 19 2 500 = Br
FAE ML H, 50 R AUH 2030 F1E Z & KA H 720 A A&
Ko H, DL — Al iRAE K #E Earth and Planetary Science Letters . Journal of Geophysical
Research: Atmosphere. Journal of Hydrology. {1 EF}22 ) (Bl 2738 it ) 55 Hb 2 | 7K SC40
B KPR 6 SCLIE 3C 18 i, AHE ESI i #5118 3¢ 2 4 A F5000 i DR BHE

B BT B AT AL 5T R K TR 28 I 4% 10 45, dl N7 8 I8 T B /K VROR IR 1 B A1) 43

TR TY , g 715 20 XU DX 7 A e 7 2 18] A9 TR] 437 2845 5B 2 ALt 5 £ 1l PN 23 ST T Je b BRI P Ko IO, # s C-
36 Al C-14 52 A BB B LIR30 B /K GE AR MERR B, 488 T U AL AL AN RIS Sh82 M R 1 3t R K RS I 25 4% JR
ARALHURR 2 2 BHE R % (2023 4F, 1/6) |« Hp R e Be K Ao 2 | [ ProiCa AH AT F (WRI) CEA %2


https://doi.org/10.1177/0959683618782606
https://doi.org/10.1038/srep11186
https://doi.org/10.1002/2015GL067317
https://doi.org/10.1007/s12583-017-0729-5
https://doi.org/10.1029/2020GL092337
https://doi.org/10.1038/ngeo2302
https://doi.org/10.1017/RDC.2017.64

	1 研究区概况
	2 研究方法
	3 结果
	3.1 地球化学指标的变化
	3.2 Sr浓度与比值特征
	3.3 研究区碳同位素特征
	3.4 初始14C含量的确定

	4 分析与讨论
	4.1 不同年龄地下水的氧同位素特征
	4.2 地下水14C年龄分布的指示

	5 结论
	参考文献

