64 7 Vol.64, No.7

2009 7 ACTA GEOGRAPHICA SINICA July, 2009
1 1 2 3 4
’ ) ) )
(1. s 100871;
2. s 310014,
3. s 100029;
4. , 210044)
N ) ) b 20
70 [ 2]O
3
=, 30 , .
A} ’ o} b
s 5
) 5 N
N Y A} N N ) b N
(o]
o
20 70 s , N
’ o
[4]
’ A b
173 ’” [5] 113 ” [(), 7] 113 ” [X‘ 9]
N N ’
o
2008-11-26; 2009-03-25
(2006BAK21B02); (40671016);
(2003CB415201); [Foundation: National Science and Technology Supporting

Project, No.2006BAK21B02; National Natural Science Foundation of China, No0.40671016; National Key and
Basic Development Research Project of China, No.2003CB415201; Program of Archeological Research Center of
Peking University]

(1983-), R s °
E-mail: Iml0906@163.com
(1955-), R R °

E-mail: ldid@prbat.okuledcn

807-816



808 64

(1988 H)ior, (1989, 1991 )i, (1990, 1993
2 (1992 HI1, (1994 Hi4 ,
(1996 H . 2004 , .
el 14C
( ) ’[17, 18] ' [18]
[17]
2
C)— ) ,
(30°01'N, 121°22'E), 7 km ( 1,
3 m 9 b o
, , 40 km, 8 km, —
o , 300 m, ,
12115 121720 121°30°
30"
wn?
o
N
# o
i
1l
L
Y e P&
- ——r—7 = .
30°00'
" s A Ehiltht
[T @Em&mm
J_i""_
35%97 . = 'ﬁﬁﬁﬁﬁ%ﬁm
NN MPEUEBLTIR
- By
] & [ st
l s RNEERTY
2953 IR

BT R Lt XSk A5

Fig. 1 Geomorphelogic map of the grea around Tianluoshan Site



7 : 809

200 m, , ,
' [19] , ’ . ,
. ; (J3g) —
, (J3c) (J3x) .
, 23 m, 2~3 m, R
, 16.2 °C, 2061 , 227
1361 mm, , , o
R [8, 20-26] ,
, s o 7~6
ka (Megathermal Maximum), ,
23 oCn, 2~4 : .
[23, 25] . R _ , [21] R
[ 17 ,
3 .
2004 , 220 cm ,
9 , ®-® W 2,0 , a. b
Da , 10 cm; ®Ob , , 6 cm; @
, a_ b , @a , ’ ) )
20 cm; @b , 5cm; @ , ,
, 45 cm; @ , , ,
® , 18 cm; ® , , .
, . , 52 cm; ® , ,
. , s , 25 cm;
. , 10 cm; , @ ,
, 20 cm; © , . 2006YT T305 .
2006YT T104 2006YT TI105 , 47 5 cm,
1 14C , 1 14C
“C Tab. 1 “C dating data of Tianluoshan Site
> S ReApm MC4EMR (aBP)  KIF4EM (@BP)
o 14C B3E BT 5300 + 40 6092 + 70
, 7000-5500 HejE W 5790 + 40 6591 + 53
W8 M 5840 + 40 6652 + 60
v Qb s 5890130 8738230

VE: F3EL] 5568 £, BP N IR 1950 4E (K44



810 64

oMim R R BRAEN PRGN RBRAEN AL B0 BRW & RN Sr/Ba
‘;E ;H}.“EO 0 1040 60 ulmp 2 ‘P? 10 20 a0 60 %0 g g 008 0.12 016
ft o/ LES
-]
)
My —
n
6092470 U]
|
I
|
"
i
i
659145 0
2
665260 :I'(;II 1

220
62 st R0, BUK, Wik, So/Ba BB b ih £ 8
Fig. 2 Curves of clay mineral, Boron, paleosalinity, Sr/Ba of the profile at Tianluoshan Site

4
4.1
30% , o
15~16 , .
<2 pm , . . 600 °C ,
X'Pert Pro MPD X , R
4.2
27)
(<2 pm), ,
’ - ’
b (B) b
29
301,
* B
B 4xi + 2xm + xk (1)
: B* “ 7 s Xin Xm~ X N
(301
lgB* - 0.11
lgS, = (gB* - 0.11) )

28
Academic Journal Electronic Publishing House. All rights reserved.[28 ;}]ttp:.
00) . "7

© 1994-2011 Chin%

P



7 : 811

(Sr/Ba) B2
: . : Ba
2 2+
SO, BaSO, , Sr ,
331 , Sr/Ba R
1 m N N s
5
5.1
o . B . B
Sr/Ba 2

. ® ; v. @ .

N N , (Ammonia beccarii),
(Sinocytheridea latiovata) "', o ,
) @ [16]’
. ® Sr/Ba
II Sr/Ba B ,
, 1l I ,
. 4]
. @, B . . .
’ o » b
III Sr/Ba ,
) ) N "
v @ , Sr/Ba s

5.2



812 64

7151 ’ o @ N
[17, 18]
o (@ ),
[17, 18] ,
- ’ N
6
2
Tab. 2 Time table of archaeological cultures in lower Yangtze River
’ EARYEH] @BP) TR IKES ORISR B
’ 8000-7000 I SCAG BTG
o 7000-5800 TR SCAG I CFaid ; AT
BRI
6.1 5700-5300 TR SCAL ) 3 R el
7.5 ka 5300-4200 R R B AL
3900-3100 AL AL AN A0
' [34, 35]
( 2.
[36] ,
N : [37] ’
5300 , .
( 2), =
6.2
sy 9000
, o831, 9000
[40]



7 : 813

4 o )
’
o
N ’
’ ’ ) ’
) o
’ ’
’ N
o
6.3
) o
’ o N
’ ’
N o
“ ”
’ o
o
) ’ N
o
’ N Ay 5
o
’ ) ]
’ s N o
37
> ’
[18, 37]
b ’ ]
b b b
(171, [41]
’ ’
o

64
7-6 ka BP 2125
(2 o ,
, 6000 . 5.9 ka BP

6.5



814 64

s MC

(References)
[1] Shi Xingbang. Hemudu Culture: the pioneer of rice agriculture and the cultivator of gathering agriculture in China. In:
Zhejiang Provincial Bureau of Cultural Relics. Researches on Hemudu Culture. Hangzhou: Hangzhou University Press,
1998. 1-17. [ . - :

, 1998. 1-17.]
[2] Liu Jun. Hemudu Culture Beijing: Cultural Relics Press. 2006. [ . : , 2006.]
[3] Xia Nai. “C dating and prehistorical archacology in China. Archaeology, 1977, (4) 217-229. [ . -14

, 1977, (4): 217-229.]
[4] Sun Xiangjun, Du Naiqiu, Chen Minghong. Paleovegetation and paleoclimate during the time that Hemudu people
living. Acta Botanica Sinica, 1981, 23(2): 146-151. [ s s L v
, 1981, 23(2): 146-151.]
[5] Lang Hongru. Hemudu Neolithic Site in Yuyao Country, Zhejiang Province and the change of sea level during Holocene.
Geology of Zhejiang, 1987, 3(1): 5-13. [
1987, 3(1): 5-13.]
[6] Wu Weitang. Evolution of Yaojiang Plain in last 7000 years. Scientia Geographica Sinica, 1985, 3(3): 269-275. [
. , 1985, 3(3): 269-275.]
[7] Shao Jivhua. The great flood in Ningshao Plam 5000 years ago. Zhejiang Hydrotechnics, 1999, 1(1): 34. [
. , 1999, 1(1): 34.]
[8] Jiang Dayong, Wang Xinping. Mid-Holocene paleoclimatic-paleoenvironmental changes in Zhejiang Province and
Hemudu Ancients. Acta Scientiarum Naturalium Universitatis Pekinensis, 1999, 35(2): 248-253. [
( ), 1999, 35(2): 248-253.]
[9] Cai Baoquan. Culture and environment in both banks of Hangzhou Bay in Neolithic Age. Journal of Xiamen University
(Arts & Social Sciences), 2001, (3): 126-133. [ . . (
), 2001, (3): 126-133.]
[10] Ningbo Civic Institute of Cultural Relics and Archaeology. Brief report of the excavation on Cihu Site, Ningbo City.

>

>

In: Zhejiang Provincial Institute of Cultural Relics and Archaeology. Journal of Zhejiang Provincial Institute of Cultural
Relics and Archaeology. Beijing: Science Press, 1993. 104-118. [ .
: : , 1993. 104-118.]
[11] Archaeological team of Mingshanhou Site. Brief report of the excavation during the first archaeological phase on
Mingshanhou Site, Fenghua. In: Zhejiang Provincial Institute of Cultural Relics and Archaeology. Journal of Zhejiang
Provincial Institute of Cultural Relics and Archaeology. Beijing: Science Press, 1993. 119-123. [

, 1993. 119-123.]

[12] Zhejiang Provincial Institute of Cultural Relics and Archaeology. The excavation during the first and the second
archaeological phases on Tashan Site, Xiangshan Country. In: Zhejiang Provincial Institute of Cultural Relics and
Archaeology. Journal of Zhejiang Provincial Institute of Cultural Relics and Archaeology. Beijing: Science Press, 1997.
[ . :

s 1997]
[13] Wang Nlngyuan Brief report of the excavation on Xiaodongmen Site, Cicheng Country, Ningbo City. Southeast
Culture, 2002, (9): 17-30. [ . . , 2002, (9): 17-30.]

[14] Sun Guoping, Huang Weijin. Brief report of the excavation on Xiangjiashan Site, Yuyao City. In: Prehistorical Culture.
Xi'an: San Qin Press, 2000. 385-427. [ s
,,2000. 385-427.]
[15] Wang Haiming, Cai Baoquan. Brief report of the excavation on Zishan’ Site in Yuyao City, Zhejiang Province.



7 : 815

Archaeology, 2001, (10): 14-25. [ s . . , 2001, (10): 14-25.]

[16] Zhejiang Provincial Institute of Cultural Relics and Archaeology, Yuyao Municipal Office of Cultural Relics
Preservation, Hemudu Site Museum. Brief report of the excavation on a neolithic site at Tianluoshan Hill in Yuyao
City, Zhejiang Province. Cultural Relics, 2007, (11): 4-24, 73. [ R

2004 . , 2007, (11): 4-24, 73.]

[17] Zhu Cheng, Zheng Chaogui, Ma Chunmei et al. New viewpoint about sea-level highstand 10,000a BP in Yangtze River

Delta and Ningshao Plain. Chinese Science Bulletin, 2003, 48(23): 2428-2438. [ s s
, 2003, 48(23): 2428-2438.]

[18] Wang Haiming. Environmental perspective of prehistorical culture in Zhejiang Province. In: Research of Environmental

Archaeology (Vol. 3). Beijing: Peking University Press, 2006. 124-133. [
( ). : , 2006. 124-133.]
[19] Zhejiang Provincial Bureau of Geology and Mine. Geological Chorography of Zhejiang Province in Bulletin of National

>

Ministry of Geology and Mine, PRC. Bel_]mg Geology Press, 1989. [
, 1989.]

[20] Natural Sciences Department of Zhe_]lang Provincial Museum. Identifying research on faunal and floral remains of

Hemudu Site. Journal of Archaeology, 1978, (1): 95-107. [
. , 1978, (1): 95-107.]

[21] Wang Kaifa, Zhang Yulan. Palynological assemblages from the late Quaternary sediments of Ningbo Plain in Zhejiang

Province and its paleogeography. Scientia Geographica Sinica, 1985, 5(2): 145-151. [ s
, 1985, 5(2): 145-151.]

[22] Liu Weilun, Xia Yuejlong, Zhou Zikang et al. The paleochmate in Hemudu Site: The empirical model for warming of
the middle and lower reaches of the Yangtze River in the next century. Chinese Science Bulletin, 1994, 10 (6):
343-394. [ R s . . s
1994, 10(6): 343-394.]

[23] Zhou Zikang, Xia Yuejiong, Liu Weilun et al. Reconstruction of paleovegetation and paleoclimate of Holocene
hypsithermal in Hemudu region. Scientia Geographica Sinica, 1994, 14(4): 363-370. [ R R

. , 1994, 14(4): 363-370.]

[24] Liu Weilun, Zhou Zikang, Wu Weitang. The empirical model for future warming: Paleoclimate of Hemudu, Zhejiang.
In: Zhejiang Provincial Bureau of Culture Relics. Researches on Hemudu Culture. Hangzhou: Hangzhou University
Press, 1998. 248-257. [ s s :

: , 1998. 248-257.]

[25] Zhou Zikang, Liu Weilun, Wu Weitang. Research on paleovegetation and paleoclimate of mid-Holocene hypsithermal
in Hemudu region. In: Zhejiang Provincial Bureau of Culture Relics. Researches on Hemudu Culture. Hangzhou:
Hangzhou University Press, 1998. 258-268. [ s ,

: , 1998. 258-268.]
[26] Qin Jungan Palynologlcal study of ngshao Plam and paleoenwronmental significance since late Pleistocene.
Disertation of Doctor Degree of Tongji University, 2006. [
, 2006.]
[27] He Q1x1ang Sedlmentary Rocks and Sedimentary Deposits. Beijing: Geology Press, 1978. 319-327. [
, 1978. 319-327.]

[28] You Haitao, Cheng Rihui, L1u Changling. Review of paleosalinity recovering methods. World Geology, 2002, 21(2):
111-117. [ s s . , 2002, 21(2): 111-117.]

[29] Zhou Yangkang, He Jinwen. Appllcatlon of boron as a indication of paleosalinity. In: A Florilegium of Colloquium
Disquisition of Sedimentology and Geologlcal Organic Chemistry. Beijing: Science Press, 1984. 55-57. [ s

. .o . : , 1984. 55-57.]

[30] Couch E L. Calculation of paleosalinities from boron and clay mineral data. American Assomatlon of Petroleum
Geologists Bulletin (AAPG), 1971, 55: 1829-1837.

[31] Zheng Rongcai. Study on paleosalinity of Chang-6 oil reservoir set in Ordos Basin. Oil & Gas Geology, 1999, 20(1):

20-25. [ . 6 . , 1999, 20(1): 20-25.]
[32] Wang Minfang, Huang Chuanyan. Review on paleosalinity recovery in sedimentary environment. Xinjiang Oil & Gas,
2006, 2(1): 9-12. [ , . , 2006, 2(1): 9-12.]

[33] Shi Zhongsheng, Chen Kaiyuan, Shi Jun et al. Feasibility analysis of the application of the ratio of strontium to barium
o tHe/ideritifying sedimentary, tavironment; Fauli-Block @il & |Gas) Field, 2003,010¢2): 42416, 3 s
, 2003, 10(2): 12-16.]



816 64

[34] Zhang Zhongpei. Yangshao Era: The prosperity of prehistorical social and the transition to civilization. Journal of

Forbidden City Museum, 1996, (1): 1-44. [ . —
, 1996, (1): 1-44.]

[35] Yan Wenming. The unification and the diversity of prehistorical culture of China. In: Collection of Disquisitions about

Prehistorical Achaeology Beijing: Science Press, 1998. 1-17. [
, 1998. 1-17.]

[36] Feng Xiaoni, Gao Menghe. Quantlﬁed analysis of archaeological sites in Ningshao region. Southeast Culture, 2004, (6):
31-37. [ s . . , 2004, (6): 31-37.]

[37] Liu Jun, Jiang Leping. Study on several problems about Neolithic Age in Ningshao region. In: Zhejiang Provincial

>

Bureau of Culture Relics. Researches on Hemudu Culture. Hangzhou: Hangzhou University Press, 1998. 84-99. [

>

1998. 84-99.]

[38] Sheng Danping, Zheng Yunfei. Shangshan Neolithic Site in Pujiang Country, Zhejiang Province: A new discovery of
rice remains in lower Yangtze River about 10000 years ago. Agricultural Archaeology, 2006, (1): 30-32. [ s

, 2006, (1): 30-32.]

[39] Jlang Leping, Sheng Danping. Shangshan Slte and Shangshan Culture. In: Research of Environmental Archaeology
(Vol. 4). Beijing: Peking University Press, 2007. 25-42. [ s :

( ). : , 2007. 25-42.]

[40] Wang Xinxi. Xiaohuangshan Hill: An archaeological examination. Journal of Shaoxing University, 2006, 26(2): 6-10.
[ . . , 2006, 26(2): 6-10.]

[41] Zhang Yulan. Causes of Liangzhu Culture's disappearance from micropaleontology. Scientia Geographica Sinica, 2007,
27(3): 376-379. [ . . , 2007, 27(3): 376-379.]

[42] Xiao Jiayi, Guo Ping, Wang Dan et al. Palacovegetation and palacoenvironment and palaeoculture at Chudun Site in
Taihu Plain during Mid and Late Holocene: A case study of Chudun Site in Suzhou. Journal of Nanjing Normal
University (Natural Science). 2004, 27(2): 91-97. [ s ,

( ), 2004, 27(2) 91-97.]

[43] Yan Wenmlng Status and effect of Yangtze River region during the origin of Chinese civilization. In: Rise of

Agriculture and Origin of Civilization. Bel_]ll’lg Science Press, 2000. 90-98. [
, 2000. 90-98.]

Paleosalinity in Tianluoshan Site and the Relation between
Hemudu Culture and Its Environmental Background

LI Minglin', MO Duowen', SUN Guoping>, ZHOU Kunshu®, MAO Longjiang*
(1. College of Urban and Environmental Sciences, Peking University, Beijing 100871, China;
2. Zhejiang Provincial Institute of Cultural Relics and Archaeology, Hangzhou 310014, China;
3. Institute of Geology and Geophysics, CAS, Beijing 100029, China;
4. College of Atmospheric Science, Nanjing University of Information Science & Technology, Nanjing 210044, China)

Abstract: Paleosalinity of Tianluoshan Site is reestablished by mensurations and analyses of
clay mineral, boron, strontium, barium, after sampling in a profile of Tianluoshan Site. The
relative sea level changes are discussed according to the lab results. It turns out that there are
at least three time periods of relative sea-level highstand not only before but also during and
after Hemudu Culture in Tianluoshan Site. Based on previous researches and through studying
several environmental elements comprehensively, the characteristics of environmental
background and their relationships between human activities and development of Hemudu
Culture are systematically discussed.

Key words: Tianluoshan Site; Hemudu Culture; paleosalinity; environmental background;
relative s¢alevel



