Vol. 27 No. 1

27 1 —
2002 1 Earth Science— Journal of China University of Geosciences Jan. 2002
1,2 2 2 2
’ ’ ’
(1. s 130026 ;2. s 050061)
D9]8(')’3H 1’1C s
, oD 8B
. 4X1077~16X10"° 1X10*~2X10"*,
. D ®O
, 30 000 a s
3
» P641. 3;P597 A
» 1000—2383(2002)01—0097—08
(1963—), , 1986
1 , N
m m, 100
o o m, 1~5m, s
, (35°~45°N, 80°~120° - le/l 10 /L.
B. > >
. b
B b
- J— Py 100"\’200 m v
s b 9’ b
s o b b b
s 1 g/14. ’
- ’ b
b
, . 2
b b b b
[1~7]
b
b

: 2001—04—13
. (No. 49871079) ;
(No. 200010301).



27

98 —
(103, GO )
. (D)
ue ;
14C 14C
, 85% 1
’ ’14C ’ b
e 2 . 10 000 a
) ) 10 OOO a .
94 10 000~30 000 a ,
59 (D, . ; 10 000 a ,
2 2 EXED) G O))
. ML s(D)=3.0:—92,6("0)=0. 4 1—
SO  s(8O) 4X 13,
1073 ~16X10"°%  1X103~2X107°, 5°C , —1~2
, 5TU, C,
,6(D) —78.98X1073( (2]
) —64. 17X 10 *( ) 5CFO) )
—10. 75X 1073¢( ) —8.77X1073( e
) 1C 10 000 a. )
, »0(D) 10 000 a
—95, 43X 1073 ( ) —76.13X i X
103 ¢( )6 O) —12.67X10%( , ,
) —10. 71 X10 % ( ),.1C ,
10 000 a~30 000 a. [z
3 1 s(D) 6O
12 000~13 000 a .
3.1
Dansgaard-* 10 000~11000 a
SO  6(D) ,
. Rozanski ™! G O)) s
o(D) . , 13 000~10 000 a( 1), .

[14.15]
’ :

; 10



1 99
1
Table 1 Summary of isotopic compositions for groundwater in northern China
SD)/ 6(B0)/ qCHY/ 1110/ oD/ 65O/ qGHY/ 11O/
1073 1073 TU ka 1073 1073 TU ka
44 —92.6 —10.58 — — 28 —70.1 —9.19 41.0 — @
2 —89.4 —10.49 - - 29 —70.1 —9.15 38. 6 - ®@
2 —70.51 —9.88 — - 52 —67 —9.29 1.5 - @
74 —67.31 —9.68 — — 73 —67.9 —9.17 4.3 — @)
JK2 —91.3 —10.92 — 18.72 87 —68.5 —9.35 6.2 — @
34 —72.0 —11.0 - - [1]|65 —67 —9.37 6.0 - ®@
22 —69.0 —9.9 — — [1]]\74 —65.9 —9.35 16. 6 - @
11 —75 —11.4 0. 29 4.58 [1]||79 —66 —9.28 28.8 — @
14 —78 —11.5 0.18 4.324 [1]|)51 —68.7 —9.6 30.9 — @
16 —97 —12.3 — — [17/\88 —67.7 —9.67 37.2 — @
26 —85 —12.2 — — [17]158 —67.6 —9.5 38.6 - @
S5 —110.0 —14.9 0.19 24.08 [1]|[Ty19 —67.7 —9.54 35.8 — @
G49 —68 —9.4 16. 22 — [1]||75 —66 —9.55 34.7 — ®@
G46 —74 —10.4 115.9 — [17/83 —71 —9. 81 1.0 - @
G39 —81 —10 93.93 — [1]||72 —83.9 —11.85 <1 15~20 @
GA7T—5 —71.2 —10.23 128.0 — [1]|3 —54.8 —9.02 36.89 — [1]
G47—6 —76 —10.11 124.3 - [1]|p —60.6 —9.28 42.33 - [1]
GA7T—17 —76 —10.26 120.0 — [1]|6 —61.6 —9.16 — — [1]
G47—8 —77.1 —10.38 110.0 — (1|7 —59.4 —9.32 7.51 — [1]
G20 —70 —10.1 119.1 — (1|8 —59.3 —8.88 7.99 — [1]
G5 —77 —10.4 117.7 — 17119 —63.2 —8.74 20.97 - [1]
G23 —74 —10.5 3.43 — [1]]123 —65.2 —9.22 12.06 — [1]
G54—2 —74 —11.1 0. 62 — [1]|24 —63.9 —9.14 4. 94 — [1]
G54 —81 —11.8 0.85 28.16 [1]|]25 —58.3 —8.91 0.84 — [1]
—88 —12 0. 61 — [17]126 —55.6 —8.66 1.63 — [1]
G16 —80 —10.7 0.28 11.16 [1]|128 —58.9 —8. 12 11.06 — [1]
Gl16—1 —76 —10.7 0.72 — [1]|f16 —70.8 —10.29 1.07 — [1]
G53 —82 —11.1 0.76 17.48 [1]||9 —70.3 —10.58 0.68 - [1]
G17—1 —74 —10.1 1.76 — (17|10 —76.8 —10.9 0.12 — [1]
18—1 —72.2 —10.72 0.73 — [1]|f5 —69.5 —10.04 — — [1]
9 —72.76 —9.6 7.46 — CK2 —76.5 —10.59 15.0 — [3]
12 —74.96 —9.86 10.51 - H2 —71 —9.4 11,1 <<200 [4]
13 —75.11 —10.01 14.46 — Hi2 —79.9 —10.99 12.3 — [4]
x006 —76.6 —10.42 173.4 — @ ||H13 —76 —10. 2 <6 5.73 [4]
Y064 —89.2 —10.42 84.9 — @ ||H15 —73.1 —10.21 7.4 — [3]
Hl—1 —81.3 —10.76 93.6 — D X7 —70.25 —9.3 - -
K057 —89.6 —11.22 <4 5.2 @ |H6 —78 —10.7 <6 6.21 [4]
71 —83.8 —11.75 <4 13 @ ||H8 —86.1 —11.77 3.8 9 [3]
K002 —75.8 —11.31 3.8 13.54 @ |XL2 —79.61 —10.76 — —
K070 —76.3 —10.34 14.7 1.3 @ |[XL4 —85.71 —11.56 - -
X084 —87.3 —11.74 <4 11.4 @O —63.7 —9 — 1.69 [6]
G026 —77.2 —10.72 <4 12.02 D |32 —68.89 —9.4 44.3  2.07
S1 —95.5 —11.67 <4 15.7 @33 —66.58 —9.23 <1.1 2.36
14 —99.8 —12 <1 — D (|29 —67.18 —8. 86 6.4 2.57
Kool —87.3 —11.70 <4 — D|2—2 —64.6 —9.06 2 6.16 [6]
S5 —80.8 —12.13 <4 15.7 @35 —73.37 —10.2 <1.0 8.25
X116 —87.3 —12.43 <4 17 @ (128 —65.68 —8.95 <C1.0 10.29
11 —61 —8.73 - — [2]|31 —62.5 —8.49 32.3
13 —64.5 —8.88 94.5 — [2]||Ne1 —61.1 —8.39 96. 4 —
14 —65.1 —9.4 — — [2]|[Ne7 —62.8 —8.5 95. 99 — [5]
15 —65.6 —8.73 60. 5 - [27[INc9 —61.3 —8.53 89. 1 — [5]
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1
s/ 5(B0)/ qGH)/ 1(4C)/ s/ 6(B0)/ qCH/ 1(HC)/
1073 1073 TU ka 1073 1073 TU ka
16 —66.1 —8.8 - —  [2]|Ncl1 —63.6 —8.61 26.28 —  [5]
18 —67.8 —9.05 - - [2]||[Nc12 —66.4 —9.07  9.60 - [5]
19 —68.4 —9.84 - - [2][Nc14 —62.6 —8.4 - - [5]
20 —71.5 —10.02 62.9 - [2]|Nc15 —63.3 —8.44 - - [5]
21 —71.7 —9.82 - - [2]||Nc16 —63.4 —8.72 12.65 - [5]
22 —71.9 —9.86 - —  [2]||Nc17 —62.4 —8.38 — —  [5]
23 —72.9 —10.11 - - [2]||Nc18 —65.6 —9 1.5 1906 [5]
24 —73 —10. 32 — - [2]|Nc33 —61.6 —8.4 - - [5]
25 —74.2 —10.31 30.6 - [2]|[Nc36 —62.7 —8.41 - - [5]
27 —78.2 —10.62 26.0 - [2]|Nc42 —61.9 —8.29 12.3 - [5]
29 —71.2 —10.72 2.4 - [2]|Nc62 —61.7 —8.44 - - [5]
30 —72.5 —10.55 - - [2]|T17 —63.00 —9.00 - 5. 66
31 —74 —10.78 12.7 - [2]|24 —73.78 —11.01 <1.1 12.65
32 —75.1 —10.75 6.4 - [2]/23 —78.63 —11.14 <<1.2 13.6
33 —75.6 —10.55 2.3 - [2]18 —74.98 —10.76 <1.0 14.2
34 —75.6 —10.84 2.4 - [2]|l10 —76.8 —10.38 <<1.1 15.23
35 —81.3 —10.86 13.4 - [2]|17 —75.99 —10.76 <2 16.03
36 —84.1 —11.66 - - [2]j11 —80.44 —11.72 <1 17. 74
37 —85.4 —11.42 3.9 —  [2]|G1 —81.8 —11.1 — 18.94 [6]
38 —86.7 —11.92 8.8 - [2]|34 —79.27 —11.58 <1.1 21.06
39 —88.1 —12.27 - - [2]h3 —77.5 —10.55 0 20. 8
40 —90.8 —12.35 <3 - [2]|f15 —80.3 —10.77 - 21.52
41 —91.3 —12.5 <3 - [2]|Nc53 —80.6 —10.94 0 - [5]
28 —80.8 —11.1 9.5 —  [2]||Nc60 —67.6 —9.68 0.2 13.76 [5]
62 —59.8 —8.96 35.6 - @ ||T16 —62.09 —8.92 - -
82 —65.2 —8.74 33.4 - @
* Y064, s H1I—1. 3 Z1. ; GO26. 5 So. .qCH) 3H ,1TU=
1. 183X 107 *Bg/mL. @ . 2000;@
. 1987.
2
Table 2 Statistical characteristics of isotopic compositions for groundwater in northern China
oDy /1073 s(80O) /1073 / / t(1C)/
1073 ka
—97.00~—67.31 —78.98+11.13 16.45 —12.30~—9.68 —10.75+0.88 1.92 7.01 9 <5
—110. 00~—85. 00 —95. 434+13. 00 —14.9~—10.92 —12.67£2.03 5.95 3 10—25
—81.00~—68.00 —74.43%£3.85 3.97 —10.50~—9.40 —10.18%£0.32 0.85 7. 00 10 < 10
—88.00~—72.20 —78.40+£5. 31 —12.00~—10.00 —11. 0340. 62 9. 82 8 10—30
—65.20~—54.80 —60.07+3.27 11.78 —9.32~—8.12 —8.95+0.35 1.5 13. 19 11
- —76.80~—69.50 —71.85+3.34 —10. 90~—10. 04 —10. 4540. 37 11.77 4 > 10
—89.20~—72.76 —78.32+6.05 7.2 —10.76~—9.60 —10.17£0.43 1.38 3.1 6 <5
—99.80~—75.80 —85.52+7.77 —12.43~—10.34 —11. 5540. 61 7.96 11 10—20
—79.90~—70.25 —74.46+3.67 7.89 —10.99~—9.30 —10.11+0.66 1.08 6. 46 6 < 6
—85.71~—78.00 —82.35%4.15 —11.56~—10.70 —11. 1940. 55 7.23 4 6—10
—78.20~—61.00 —69.42+4.67 11.47 —10.62~—8.73 —9.61+0.66 1.7 7.43 14
—91.30~—71.20 —80.89+6.93 —12.50~—10.55 —11. 3140. 71 9. 54 14 5—12
—70.10~—59.80 —67.01+2.46 10.44 —9.67~—8.74 —9.314+0.25 1.52 7.50 15
—83.90~—71.00 —77.45£9.12 —11.85~—9.81 —10.83=£1. 44 9.19 2 > 10
—73.37T~—61.10 —64.17£2.90 11.97 —10.20~—8.29 —8.7740.45 1.94 6.01 23 < 10
—81.80~—62.09 —76.13+5.65 —11.72~—8.92 —10.71+0. 75 9.59 13 10~30
s 1
o(D)—oC*O) C 2. o(D) =8 O)
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Fig. 3 Continental effect of §(D) and §(**)) in groundwater from northern China
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Groundwater Isotopic Stratification and Its Implications in Northern China

Chen Zongyu'?, Zhang Guanghui®, Nie Zhenlong®, Nan Yunju®
(1. College of Earth Sciences, Jilin University, Changchun 130026, China; 2. Institute of Hydroge-
ology and Environmental Geology. Chinese Academy of Geological Sciences, Shijiazhuang,
Hebei 050061, China)

Abstract: The underground water compositions of §(D), §(**O), *H and " C are distinct in shallow
and deep Quaternary aquifers in northern China and reflect differences in average paleoclimatic conditions
between the Holocene and the last glacial period of Pleistocene. The recharge of the groundwater in deep
confined aquifer during the last glacial period caused (D) and §(**O) to deplete by 4X107*—16X107*
and 1 X107°—2X10"* when compared to shallow aquifer recharged in Holocene, which suggests that
annual mean temperature was lower in the last glacial period than that in the Holocene. While the simi-
larity of the continental gradient of (D) and §(**O) found in old groundwater to that in Holocene sug-
gests that atmospheric circulation may not have gone substantial changes over northern China for the
past 30 000 years even though the temperature had changed. The fact that groundwater isotopic stratifi-
cation implies three different recharge mechanisms and influence of modern hydrological circulation is
very important for understanding the continental hydrological circulation and sustaining development for
groundwater resources.

Key words: isotope in groundwater; paleoclimate and paleohydrology; recharge mechanism; sus-

tainable development for groundwater resources; northern China.



