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Abstract: High precision > Th-dating of the tufas deposited on different terraces of Mian Riverat Niangziguan
shows that the ages of the oldest tufas on the terrace Il are between ~ 406 ka and ~ 466 ka, which are much
higher than those dated by the thermoluminescence method earlier, indicating that the tufas on the terrace Il
deposited during the Marine Isotope Stage ( M1S) 12/ 11 of the middle Pleistocene but not in the late Pleisto-
cene as suggested in early studies It was inferred that the tufas on the terrace Ill of Mian River deposited earli-
er, possibly during the MIS 14/13 of the middle Pleistocene The ®*Th-dating of the top tufa on the terrace I
shows that the tufa deposited 5 ka ago, i. e., before the middle Holocene Combined dimensions of tufa depos-
its with their carbon and oxygen isotopic compositions ( 0°C, 3 0), it shows that all the tufas on the terraces
of Mian River were formed mainly under hot and humid climate However, from the time when the tufa on the
terrace Il was formed till now, the tendency of climate change was towards drier and colder, and the vegetation
in Nangziguan spring watershed degraded gradually
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Fig 1 Distribution of springs at Niangziguan, Shanxi Province
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Photo 1 Thick tufa deposits on the terrace Il of Mian

River, formed by Niangziguan Spring
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Photo 4 Residual Holocene tufa deposits on the

river bed of Mian River at Niangziguan
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Photo 2 Thick tufa deposits on the terrace III of
Mian River, formed by the Niangziguan Spring
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Photo 3 The tufa deposits at the bottom of the terrace II of Photo 5 Active tufa deposits on the terrace II
Mian River, formed along the old tree trunks (holes of Mian River. formed bv the waterfall of
now due to their oxidation) at Niangziguan Shuiliandong Spring at Niangziguan

FLBUFE 1.2.3.4 090 k% 1 FEf 4SS NZG-1,.NZG-2 NZG-3,
NZG-4 BORE 47 8

(€)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



, , / HEFETZ% (Earth Science Frontiers)2009, 16 (5) 103
(MIS) 12/11 (350 ~470 ka).
2 [5] 11 90 5 ka
330 ka. , [5]
(1) . ( ) (> 7%) (
NI , I1. 111 ) . Th (
( 2.3), ) , .
(<<2) ,
( 4);
( 5. —II .
3
, . 32 ¥o.38cC
o 2
230
Th . , )
(&°c. 30)
X 619 30
o 9 ° B
2 o
(2) . ' Th 30 . Fc . CO>
Minnesota C0Oz2, CO2 .
, Finnigan MAT 262-RPQ \ 3o &c
10
+26 < 29%. o , &
3 [ 10
o &c , )
0 : ( 1) s
IsoPrime , 3 (2) ,
Q 2% .
0. 8¢
3 2. 3.4, ,
2
31 *'Th tetor . MIS12/11 I}
| ,¥Fo ¥
230
Th . 1 " I ) ,
466 ka, .
407 ~ 436 ka,
1 B0Th ( 20)
Table 1 ** Th dating results of tufa deposits of Niangziguan spring, Shanxi Province (All errors are 20)
o [ 230Th/ 22 Th] o BOTh /ka U * 20T */ka
BIU/1070  232Th/ 10 12 20Th/ 88U
/1076 ( ) ( ) ( )
NZGS1 1632 6422 9880499 58146 0 213440 0004 585140 012 3107 429  § 75140 033 I
NZG-S2 1750 243 4 71 5034715 7841 0193320 0005 530040 015 3090 5450 4 95240 206 I
NZG-1 1450 9£2 1 9 05191 652666 2 471 320 0040 465 927+7 597 4044 8187 2 463 834%+7 595 1
NZG-2 1459 5£2 2 21 046211 2805£28 2 455 120 0043 435 703%6 525 3726 869 1 4353 55746 522 1
NZG-3 1485 62 2 14 254+144 415542 2 42030 0052 406 7616 121 3412 5£59 4 406 6416 119 1
NZG-4 1465 7£2 2 23 846+£239 245625 2 4258%0 0041 417. 9565 513 3509 755 1 417 794%+53 510 1
NZG-5 1386 2%2 6 11 786119 4729148 2 440 80 0061 423 22748 212 3588 483 8 423 1168 209 1
: Apo=9 157 7X 1076 a1, Any=2 826 3X 10 ¢a !, Ang= 1 551 25X 10 10 a1, 20 Th
20 TR/ B2Th (44+22)X 1070 *U=([Z*U/2%U] — 1) X 1000; ~ &*U = 34U X 234 T, B0y )3
"*BOTh 1950
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2 1.1
Table 2 3°C and 3%0 values of Niangziguan tufas on the terraces I, 11 and III of Mian River
33¢/ Yo ¥80/ %o /ka
SL-1 ( ) —4 32 —8 57 0 11
NZGS1 —8 07 —11 23 5 7510 033 1
NZGS2 —8 12 — 11 32 4 95240 206 1
NZGS3 —17 70 — 10 26 1
MIS1-1 ( ) —17 96 —10 94 5 351 |
NZG-1I'1 —8 17 — 11 36 11
NZG-112 —17 40 —11 29 11
NZG-114 —17 80 — 11 12 11
NZG-116 —17 83 — 11 60 11
NZG-11 T1-1 —8 71 —12 33 11
NZG-11 T1-2' —8 71 —12 65 11
NZG-11 T1-3 —8 90 —12 87 11
NZG-11 T2-1' —9 04 —13 07 11
NZG-11 T2-1'(2) —9 02 —1276 11
NZG-11T2-2 —8 81 —12 79 11
NZG-11 T3 1’ —8 98 —12 75 11
NZG-11 T3-2' —8 95 —12 75 11
NZG-11 T4 1 —9 15 —13 23 11
NZG-11 T4 2’ —8 87 —12 43 11
NZG-11 T5-1' —8 69 —12 14 11
NZG-11 T5-2' —8 45 —12 68 11
NZG-1I T-BT1 —8 20 — 11 55 11
NZG-1I T-BT2 —17 70 — 11 82 11
NZG- 11 T-S1 —8 62 —12 17 11
NZG- 11 T-S2 —17 44 —12 60 11
NZG- 11 T-S3 —6 54 —12 00 11
NZG-1I T-UP —8 71 —12 72 11
NZG-1 —8 76 — 1191 465 834=+7 595 11
NZG-2 —8 77 —11 94 435 557+6 522 11
NZG-3 —8 71 —11 97 406 6416 119 11
NZG-4 —8 71 —12 13 417 794=+5 510 11
NZG-5 —8 56 —12 23 423 1168 209 11
NZG-6 —8 31 —11 82 11
NZG-7 —8 51 —11 82 11
MIS 11-TI( ) —8 45 —12 32 429 788 1I
NZG-1F1-1 —17 14 —12 32 =470 000 1
NZG-1IF1-2 —7 11 —12 34 118
NZG-11I2-1 —17 27 — 11 84 118
NZG-11I2-2 —7 16 — 1193 118
NZG-1IFOLD-1 —4 70 —12 19 118
NZG-1IFOLD-2 —6 51 — 12 84 118
NZG-1IFOLD-3 —5 53 — 11 82 118
MiIS13 7 - 1II( ) —6 49 —12 18 =470 000 111
(245 , , . MISI12/11 500 ka
’ 88 0 . [11-14] ’
3¢ (2. 3.4). \ 11
2. 3 4 i §*0 . MIS11
3c , I S4 tsm
MIS11 , MIS11
MIS11 1S 3.4 , I
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Fig. 3 Relation between ¢"°C and §'®O values of Niangziguan
tufas on the terraces I, II and III of Mian River
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Fig.4 Temporal variations in §'*C and §'®0 values of Niangziguan
tufas on the terraces I, II and III of Mian River

o 1 , &c
, 111 MIS11
, Hor T
11
[ 19]
(1)
0 Th \ 11
407 ~466 ka,
(TL)
11

105
MIS12/11 ,
(2) Th I
S5ka , .
(3)
, 1.1 10
, .

(EHEFRAY WREEE A AT R BT BHE
g £ 70 Th I 4 348, 48 2l B BOH

References:
[ 17 LiuZ H. Restudy on the sources of Niangziguan Spring[ J] .
Carsologica Sinica, 1989, 8(3): 200-207(in Chinese).

[ 2] Liang Y P, Gao H B, Zhang J H, etal. Preliminary quantita-
tive analysis on the causes of discharge attenuation in Niangz-
iguan Spring[ J] . Carsologica Sinica, 2005, 24(3). 227-231
(in Chinese) .

Tian Q X. Discussion on origin of the Niangziguan Spring
Group[ J] . Carsologica Sinica, 1991, 10(2): 91-99(in Chi-
nese).

Sun L F, Wang Y X, Ma T, et al. Evolution of the Niangz-
iguan Karst Springs in view of travertines environmental re-
cord and groundwater flow system development[]J]. Earth
Science— Journal of China University of Geoscience, 1997, 22
(6): 648 651(in Chinese).

Li YL, Wang Y X, Deng A L. Paleoclimate record and pal-
eohydrogeological analysis of travertine from the Niangziguan
Karst Springs, northern China[ J] . Science in China, 2001,
44. 114-118.

Ford T D, Pedley H M. A review of tufa and travertine de-
posits of the world[ J] . 1996, 41.

117-175.

Earth-Science Reviews,

LiuZ H, Dai Y N, Lin Y S. Paleoenvironmental reconstruc-
tion based on hydrochemistry and tufa stable isotopes: Case
study of Xiangshui river, Libo, Guizhou[ J] . Quaternary Sci-
ence, 2004, 24(4). 447-455(in Chinese) .

[ 8] Smith J R, Giegengack R, Schwarcz H P. Constraints on
Pleistocene pluvial climates through stable-isotope analysis of
fossik spring tufas and associated gastropods, Kharga Oasis,
Egypt[ J] . Palaecogeography, Palaeoclimatology, Palaeoecolo-
gy, 2004, 206. 157-175.

Torres T, Ortiz J E, Garcia de la Morena M A. Ostracode-
based aminostratigraphy and aminochronology of a tufa sys-

tem in central Spain[ J]. Quaternary International, 2005,



106

[10

(11

[12

[13

[14

[15]

[ 16]

/ M EIIZ% (Earth Science Frontiers) 2009, 16 ( 5)

135: 21-33.

Andrews J E. Palaeoclimatic records from stable isotopes in
riverine tufas: Synthesis and review|[ J] . Earth-Science Re-
views, 2006, 75: 85-104.

Oppo D W, McManus JF, Cullen] L. Abrupt climate events
500000 to 340000 years ago: Evidence from subpolar North
Atlantic sedimenty J] . 199, 279: 1335-1338.

M cManus JF, Oppo D W, Cullen JL. A Q 5-millionryear re-

Science,

cord of millennialscale climate variability in the North Atlan-
tic[ J] . Science, 1999, 283. 971-975.

Kunz-Pirrung M, Gersonde R, Hodell D A. Mid-Brunhes
century-scale diatom sea surface temperature and sea ice re-
cords from the Atlantic sector of the Southern Ocean (ODP
Leg 177, sites 1093, 1094 and core PS2089-2)[ J] .

2002,

Palaeo-

geography, Palaeoclimatology, Palaeoecology, 182:
305-328.

Thunell R C, PoliM S, Rio D. Changes in deep and interme-
diate water properties in the western North A tlantic during
marine isotope stages 11-12; Evidence from ODP Leg 172 J].
Marine Geology, 2002, 189. 63-77.

Heslop D, Langereis C G, Dekkers M J. A new astronomical
timescale for the loess deposits of Northern China[ J]. Earth
and Planetary Science Letters, 2000, 184; 125-139.

Sun Y, Chen J, Clemens S C, et al. East Asian monsoon var-
iability over the last seven glacial cycles recorded by a loess

sequence from the northwestern Chinese Loess Plateau[ J].

Geochem Geophys Geosyst, 2006, 7. Q12Q02, doi: 10.

[17]

[ 18]

[ 19

[ 1]

1029/2006G C001287.

Wu N, Chen X, Rousseau D D, et al. Climatic conditions re-
corded by terrestrial mollusc assemblages in the Chinese Loess
Plateau during marine Oxygen Isotope Stages 12-10[ J] . Qua-
ternary Science Review, 2007, 26. 1884-1896.

Helmke J P, Bauch H A, Rohl U, et al. Uniform climate de-
velopment between the subtropical and subpolar Northeast
Atlantic across marine isotope stage 11[ J] . Climate of the
Past, 2008, 4. 181-190.

Dreybrodt W. Processes in Karst Systems. Heidelberg, Ger-

many: Springer, 1988.

(. , 1989, 8
(3): 200-207.

0n. , 2005, 24(3). 227-231.

0. . 1991, 10(2):
91-99.
[J]. B

, 1997, 22(6): 648-651.

(. , 2004, 24(4): 447455,



