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Fig. 1 Schematic diagram of sampling location

1 *Cl
Table 1 Data of sample preparation

o(Cl—)/ m(AgCD/

(mg+ L} )V/ml‘ mg /%
1 7—2,N 24,75 1373 123.29 85.4
2 7—6,M+1IV 39. 20 763 100.60 78.2
3 SO0 18.75 1380 87.24 78.4
4 7—8—1,1+1 81. 20 450 125.90  80.2
5 8—6,1 18.59 1170 78.00 83.7
6 1C ), Nm 41. 36 745 100.65 75.8
7 il 84. 38 400 124.45 86.2
8 JIV 107. 60 350 136.00 84.3
9 il 128. 60 250 104.00 75.0
10 8| 119. 40 300 127.60 83.1
11 LIV 103,90 350 124,10 79.4

1. 264.5~337. 4 m;
4. 201. 67~309. 6 m;

2.288.3~396. 3 m;

3.160~320 m; 6. 769. 5~936. 5 m.
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Fig. 2 Schematic diagram of tandem accelerator mass

spectrometry system
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2 N(**Cl)/N(C1)
t=25" In[p, (R,—R.)/p.(R.—R.) 1. (2) Table2 NC*CD/N(CD ratio and age of several aquifers in
.00 Cl /(mg ‘LD 0 groundwater
Cl /(mg o Lfl). o(Cl7)/(mg « L™ [NCGSCD/N(CD]/1071 ¢(36Cl)/10% a
(3) 36 1 24.75 199. 0438 —
2 39. 20 131. 0426 —
’ U Th 3 18. 75 267. 048 —
, %Cl . 4 81. 20 190. 036 —
6 5 18. 59 126. 0432 —
b b
6 41. 36 31.7x7 395496
% Cl _
7 84. 38 50. 8+5 92+43
’ 8 107. 60 35.0%6 325+75
=5 ln[(seco_366”)/(360_366_‘)]’ (3) 9 128. 60 51.6+5 83+42
o . ’ ‘ . 10 119. 40 38,6410 2604113
2 Co Cl Ly 103. 90 20,745 770105
e, Cl /L% 1.
%Cl1 JLL
2.3 ML
* N ’ i 0 28 km
wios | s
<a006~,/") it
, , DA SN AARE S [ 728l
17 v = K
A.B Ah, * ﬂ/\w o bR
K I : \Mjwkg /’rrE / [==30-]4 ki ge/m
U :KAh/L ’ %‘%% Q‘ ( ) .
1 ”% } g{ H:r[400]
vy =1/, ) Dgﬁ‘g‘.‘;\‘ N\}\ © ‘
_ E M \
A B t=L/v» ] G ol Bl
B . oA LT S 3
AR R
3
3.1 36l
3 BCl
11 2. s Ry =
59.8X10 5 ,R.=12. 710 15018 (1).(2) Fig. 3 Comparison of hydrodynamic ages and ** Cl ground-
(3) (2)  (3) water ages in the deep formation of Quaternary
1 9 sediments of Hebei Plain
92. 3Cl /ka; (770).
3.2 3Cl /kas;[400]. 36Cl1
’ /kas; A220. /ka; (A580).
/ka
1:50
, 3.
3.3
3 ,
( )



108

27

36 Cl

Cl .2
3]

). 5 “Cl

40 a
12—4 14 a ,

“Cl § a . 10 Cl

.8 %l
,11 77 a

.7,9 10

[1] Elmore D, Fulton B R, Glover M R, et al. Analysis of
% Cl in environmental water samples using an electrostat-
ic accelerator [ J]. Nature, 1979, 277, 22—25.

[2] Bentley H W, Phillips F M, Davis N, et al. Chlorine 36
dating of very old groundwater 1. the Great Artesian ba-
sin, Australia [ J]. Water Resources Research, 1986,
22(13): 1991—2001.

[3] Nolte E, Krauthan P, Korschinek G. Measurements
and interpretations of *Cl in groundwater, Milk River
aquifer, Alberta, Canada [J]. Applied Geochemistry,
1991, 6(4) . 435—445.

[4] Andrews J N, Fontes ] Ch, Michelot J L, et al. In-situ
neutron flux, *Cl production and groundwater evolu-
tioin in crystalline rocks at Stripa, Sweden. Earth and
Planetary Science Letters, 1986, 77 49—58.

[5] Carlson C A, Phillips F M, Elmore D, et al. Chlorine-
36 tracing of salinity sources in the dry valleys of Vic-
toria Land, Antarctica [ J]. Geochim Cosmochim Acta,
1990, 54, 311—318.

[6] Purdy C. Isotope and chemical tracers of groundwater in
the Aquia Formation, Southern Maryland: including
®Cl, C, B0, and *H [D]. Maryland: University of
Maryland, 1991.

[ 7] Frohlich K, Ivanovich M, Hendry M J, et al. Applica-
tion of isotopic methods to dating of very old groundwa-
ter, Milk River aquifer, Alberta, Canada [J]. Applied
Geochemistry, 1991, 6. 465—472.

[8] Andrews ] N. Jeans-Charles F. Comment on “Chlorine
36 dating of very old groundwater, 3, further results on
the Great Artesian Basin, Australia” by T. Torgersen et
al [J]. Water Resources Research, 1993, 29(6). 1871
—1874.

[9] Andrews H R, Koslowsky V T, Cornett R J J, et al.
AMS measurements of **Cl at Chalk River [ J]. Nuclear
Instruments and Methods in Physics Research, 1994,
B92. 74—78.

[10] Milton J C D, Andrews H R, Chant L A, et al. **Clin
the Laurentian Great Lakes basin [ J]. Nuclear Instru-
ments and Methods in Physics Research, 1994, B92.
440—444.

[11] Hainsworth L. Spatial and temporal variations in chlo-
rine-36 deposition in the northern United States [ D].
Maryland: University of Maryland, 1994.

[12] Jiang S'S, Jiang S, Guo H, et al. Determination of



1 : 5l 109

%Cl in the groundwater and ores around a uranium de- [16] , , ,

posit [ J]. Nuclear Instruments and Methods in Physics . —

Research, 1994, B92. 385—388. 1. ,1987,
[13] Fabryka-Martin J, Liu B, Wolfsberg A, et al. Signifi- 4. 1—6.

cance of apparent discrepancies in water ages derived Zhang Z G, Zhang H P, Sun J C, et al. Environmental

from atmospheric radionuclides at Yucca Mountain, isotope study related to groundwater age, flow system

Nevada. In: Hotchkiss W R, Downey J S, Gutentag E and saline water origin in Quaternary aquifer of Hebei

D, et al, eds. Proceedings of water resources at risk by plain [ J]. Hydrogeology and Engineering Geology,

american institute of hydrology annual meeting, May 1987, 4:1—6.

14— 18, 1995, Denver Colorado. [s. L ]: [s. n. ]. [17] ,

1995. . — .1996, 21(5):
[14] Bond C. The geochemistry of the Magothy aquifer, 563—566.

Maryland using chlorine-36 as determined by accelerator Zhou L, Liu C F. Chlorine isotope composition of nat-

mass spectrometry [ D]. Maryland: University of Mary- ural water from Cangzhou [ J]]. Earth Science — Jour-

land, 1996. nal of China University of Geosciences, 1996, 21(5) .
[15] . . 563—566.

“Cl (I ,1999, 20 [18] e

(3—4); 125—126. D .

Dong Y A, He M, Jiang S S, et al. Initial study on the 1999.

% (Cl dating of groundwater of Quaternary in Baoding Dong Y A. Study on the deep groundwater age of Qua-

and Cangzhou areas, Hebei Province [J]. Journal of ternary sediments by **Cl tracing in Hebei plain [ D].

Chinese Mass Spectrometry Society, 1999,20(3—4). Beijing: China Institute of Atomic Energy, 1999.

125—126.

Chlorine-36 Age Study for Deep Groundwater of
Quaternary Sediments, Hebei Plain

Dong Yuean"??, He Ming', Jiang Songsheng!, Wu Shaoyong', Jiang Shan'
(1. Institute of Low Energy Nuclear Physics, Beijing Normal University, Beijing 100875, China;
2. Beijing Radiation Center, Beijing 100875, China; 3. Radiation Beams and Material Engineering
Laboratory of Education Ministry. Beijing 100875, Chinas; 4. Institute of Nuclear Physics. China
Institute of Atomic Energy, Beijing 102413, China)

Abstract: For the study of the groundwater age in the deep formation of Quaternary sediments of
Hebei plain, the N(**Cl)/N(CD ratio of groundwater samples were determined by tandem accelerator
mass spectrometry. The chlorine-36 ages were compared with hydrodynamic ages. The groundwater of
the third and fourth aquifers of Quaternary sediments in the Baoding district of Hebei plain was found
young, that of the third aquifer in the east of Baoding district and the west of Cangzhou district being
less than 50 thousand years and that of the fourth aquifer, perhaps more than 100 thousand years. While
the groundwater age of the third aquifer in Cangzhou city and Qingxian county was 80 — 90 thousand
years and that in Dongguang county was 260 thousand years, that of the fourth aquifer in Cangzhou city
was 330 thousand years and that in Dongguang county was 770 thousand years.
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