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Table 1 Geographic locations and climate conditions of the sampling sites
- AR ARRYRER &
b 5 245 & Latitude Mean annual Mean annual

Codeof + 25 Soil type

Location and longitude precipitation temperature
profiles c) (mm)
M]-02  F@#E4E N1 Zhangzhou City, Fujian Province — 23°58'25.1"N 117°20'59.0"E 21.0 1500 FRETHE Lateritic red soil
] -01 WA 45 M Putian City, Fujian Province 25°29'54.7"N  119°06'36. 7"E 19.5 1400 £13E Red soil
] -05 5 #44 =W Sanming City, Fujian Province 26°20'15.4"N  117°22'34.2"E 19.2 1700 £13E Red soil
HH-01 M F§4 K 71l Changsha City, Hunan Province  28° 28'28.7"N  113° 20'59. 8"E 17.2 1362 £1 3% Red soil
#%-01 VLPG 45 EVE T Yingtan City, Jiangxi Province 28°11'51.5"N  116°55'16. 0"E 17.6 1789 27458 Red soil
Wi -01 WiiL48 4: 4707 Jinhua City, Zhejiang Province 29°02'19.3"N  119°22'12.2"E 17.3 1479 213 Red soil
=01 W4t 48 #%BE Tl Chibi City, Hubei Province 29°44'13.3"N  113°55'30. 4"E 16.9 1430 274 Red soil
BE-03 L4 &I TT Xuancheng City, Anhui Province — 30°52°07. 1"N  118°5236. 1"E 15.6 1350 213 Red soil
2-01 22448 B IR Xuancheng City, Anhui Province  30°52'22.8"N  118°51'52.3"E 15.6 1350 £ 3 Red soil
Jr-02 VL7544 ™ 5L T Nanjiang City, Jiangsu Province 32° 07'34.7” N 118°58’ 10.5" E 15.4 1062 WK HE Yellow brown soil
#h-01 VL9548 4 %511 Jurong City, Jiangsu Province 32°0922.7"N  119°10'39. 6"E 15. 4 1272 #EEHE Yellow brown soil
#8-03 #4645 FEFHTT Xiangyang City, Hubei Province — 32°10'49.4"N  112°12'41.9"E 15.5 1000  ##73E Yellow brown soil
#%-03 Y145 B P T NanyangCity, Henan Province 32°56'59.6"N  111°33'33.2"E 15.8 804 ¥+ Yellow cinnamon soil
%-09 T4 =1 ]Weti Sanmenxia City, Henan Province 34°35712.4"N 111° 14'52.2"E 14.0 595  ##+ Yellow cinnamon soil
#%-04 R4 =TT Sanmenxia City, Henan Province 34°06'03.6"N 111°09'31.3"E 12.5 622 M+ Yellow cinnamon soil
#-06 4 =[]l Sanmenxia City, Henan Province 34°06'15.1"N  110°59'57.4"E 12.5 622 #i#9 1 Yellow cinnamon soil
2 (] I 45 $5FF 11T Jinan City, Shandong Province 36°35'29. 6"N  116°59'26.9"E 14.7 671  #&#31 Yellow cinnamon soil
.02 148 ¥ #5717 Jinan City, Shandong Province 36°26'55"N  116°53'36.2"E 14.7 671 M+ Yellow cinnamon soil
5-01 Jb 50T 1735 ¥4 X Mentougou District, Beijing 39°58'47.6"N  115°43'37. 1"E 11.0 644 # + Cinnamon soil
7-02 It 50 17 ¥ 32 X HuairouDistrict, Beijing 40°21'57.5"N  116°36'26.7"E 11.0 644 # 1 Cinnamon soil
iL-01 L FTH WP Shenyang City, Liaoning Province — 41°49'54.9"N  123°34'14.9"E 8.8 695 #5733 Brown soil
T-02 I T4 #Hi %7 Huludao City, Liaoning Province ~ 41°04'6.0"N  120°49'6. 6"F 11.5 500 # 4 Cinnamon soil

TE GBI VT o [ R0 o 2% R i A1 199 41 149 5 A I 7K ek RSO A 2% 5 BT R 0k 1971 4F 2 2000 4F R TR F- 39 B Note : Me-

teorological data were cited from China weather network. The date of mean annual precipitation and mean annual temperature of each sample point is aver-

age of the meteorological data from the weather stations nearest to respective sampling sites from 1971 to 2000
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Note: S, expresses the layer of modern soil, L,~L; expresses
the different layer of loess and S,~S, expresses the different
layer of red soil, respectively

P10 A 0 BT JRUJBL Lty e 3 ) )2 vl 23 B AR AR
Fig. 1 Dating and Stratigraphical Division of the Paleosol Profiles

in Fenghuang Mountain in Chaoyang
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Na,0 + K,0) x100;CIA-K = Al,0,/( AL O, + CaO +
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B4 73 B R ] SPSS B F 5 Excel 5818,

2 FR5iNe

2.1 TEABFERESERFHHEXESR

PEE A+ HEH 1w B )2 Ak B 5 i A
A 1l B A A DR (AR X B TR o A7 B0 ) 7 AH G
PE T AT Rk 2 3£ 3 i,

F2 EK3IPUUAFE, £ n=22,p=0.01,4
Wi 5 ba {f . CIA  CIA-K , Ca0/AL O, (K,O +
Na,0) /AL, 0, BRI 125 B X S8 % B 48 b A i i 35 1Y
AH G, v Ak 2 il A% 8 B0 CIA 5 4F [ W 4t 19 AH
KRB R=0.83, i K{H.

T4 RSP LIAWL,7En=22,p=0.05,4E1
V5 Sa . Saf fi .ba {fi.CIA CIA-K , Ca0O/Al O, .
(K,0 +Na,0) /AL O, Bk X LR H A br A
FAHSCHE , FE 3K 28 A 3 AH OC M A 48 An B Saf
BN, HARFEHRTE p = 0. 01, 55 4F X I #B A2 A W 25 AH
Kk, Hr, (K,0 +Na,0)/Al, 0, 54 ¥ & 19 A ¢
FER=0.70, K K{H.
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HAH SRR K, (K,0 + Na,0) /AL 0, 5 4F ¥ i 1)
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Table 2 Correlation analysis of mean annual precipitation with soil-developing indices

i H Project Sa Saf ba CIA CIA-k K,0/Na, O

AE 2% i #& Mean annual precipitation -0.31 -0.28 -0.76 " 0.83"" 0.79 " -0.35

x3 FYBREWESIELZEERNEXESTE

Table 3  Correlation analysis of mean annual precipitation with soil-developing indices

i Project AlLO,/Na,0 MnO/AL,O;  CaO/ALO,  (K,0+Na,0)/Al,0, Fed/Fet  Feo/Fed

AE 2% Fh H Mean annual precipitation -0.26 -0.40 -0.61"" -0.717%" 0.72%" -0.11

o AU B A, o« AR B A S ,n =22Note; * stands for significant correlation, =3 for highly significant correlation, and n =22

R4 FHERSEXEERNBEXESIFER

Table 4 Correlation analysis of mean annual temperature with soil-developing indices

Tt H Project Sa Saf ba CIA CIA-k K,0/Na, 0

A7 Mean annual temperature -0.54"" -0.52" -0.69"" 0.68"" 0.69 " -0.25

RS FHRESEXBFESNBEXESIFE

Table 5 Correlation analysis of mean annual temperature with soil-developing indices

i H ( Project Al,0,/Na,0  MnO/Al,O,  Ca0/ALO,  (K,0+Na,0)/Al,0, Fed/Fet  Feo/Fed

AR Mean annual temperature ) -0.16 -0.38 -0.56"" 0.70 " 0.66"" -0.31

e = (UK B AN, «« QR W F A ,n =22Note; * stands for significant correlation, =3 for highly significant correlation, and n =22
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JCEFI p j{]flfi/«] Bﬁzl—_ﬁﬁ T flfi/«] s : CIA j{]’ﬂﬁ’m’f’ Fig. 2 Relationship '}lJe;Weeln r‘near‘l z:lr'mual precipitation and

y=-21.419x +20.507
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iﬂﬁéﬁﬁi E] W/E\ﬁfﬁig E‘Jiﬁﬁﬁ‘f’i" ) Fig. 3 Relationship between mean annual temperature and

soil-developing indices
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2000 A EMIFETRH B HBE The analogvalue of the rainfall
1800 k- - B AR S The measued value of the annual rainfall
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Fig. 4  Observed value and simulated value of mean annual precipitation at of each sampling point
25y .
O 4FEHIRIZN(E The measwed values of the mean arnual temperature
i o m EEAIME The analon value of the mean anrual temperatuer
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Fig. 5 Observed value and simulated value of mean annual temperature at each sampling point
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FE S ASTRDRLEE 20 43 19 ot A0 3 S, 45 1 A0 7 b X
AR TR 5 8 BB, 71 ~ 148 ka BP,176 ~
208 ka BP,225 ~243 ka BP 1 311 ~403 ka BP [y Bt
hy YL I T [ B 5 148 ~ 176 ka BP,208 ~225 ka BP,
243 ~311 ka BP fi1403 ~423 ka BP [y Bt J 9674 T4
BB, JF Hax 8 BBl 5 i & W 7 & ih £



2 FERRE . RTINS S YOG R S IL 7 b D S R 29
6 TTHBMETRELGTTEITENRKE . EHE
Table 6 Mean annual precipitations and mean annual temperatures at the paleosol profiles in Fenghuang Mountain
HoJ2 it (KL0+Na0),  PHEEKI i
Stratigraphical Ay ka BP) IR Depth(em) CIA \Lo, Mean annual Mean annual
division - precipitation ( mm ) temperature ( °C )
0~21 52.99 0.56 564.7 8.8
S0 21 ~42 54.35 0.54 600. 9 8.9
42 ~62 54. 82 0.55 613.2 8.7
0~71

62 ~101 53.25 0.52 571.8 9.3
L1 101 ~ 136 53.13 0.55 568.6 8.6
136 ~ 195 50. 35 0.55 494. 8 8.7
195 ~228 75.20 0.20 1152. 8 16.3
228 ~301 74.27 0.20 1128.2 16.3
301 ~391 78. 44 0.18 1238.6 16.5
S1 71 ~ 148 391 ~462 78.35 0.19 1236.0 16. 4
462 ~587 80. 54 0.18 1294.0 16.6
587 ~690 78.28 0.20 1234. 4 16.2
690 ~719 78.12 0.20 1230.0 16. 1
719 ~746 55.85 0.56 640. 5 8.5

L2 148 ~ 176
746 ~ 858 57.42 0.53 682. 1 9.1
S2 176 ~208 858 ~952 78.17 0.21 1231. 4 16. 1
952 ~971 57.29 0. 46 678.6 10.7
L3 208 ~225 971 ~ 1061 55.93 0.48 642.5 10. 1
1061 ~ 1090 59.28 0.42 731. 4 11.6
S3 225 ~243 1090 ~ 1169 80. 86 0.18 1302.7 16.5
1169 ~ 1192 56.93 0.39 669. 1 12.2
1192 ~ 1214 53.23 0.48 571.1 10.2
1214 ~ 1236 51.94 0.51 537.1 9.6
1236 ~ 1259 52.32 0.48 547. 2 10.2
1259 ~ 1308 51.75 0.50 532.0 9.7

14 243 ~311
1308 ~ 1367 51.53 0.52 526.2 9.4
1367 ~ 1389 52.26 0.50 545.5 9.8
1389 ~ 1410 51.19 0.53 517.2 9.2
1410 ~ 1431 51.43 0.52 523.5 9.4
1431 ~ 1466 52.92 0. 46 563.1 10.5
1466 ~ 1526 77.36 0.21 1209.9 16.0
1526 ~ 1556 79. 48 0.19 1266. 1 16.5
1556 ~ 1612 79.90 0.18 1277.2 16.6
1612 ~ 1643 79.77 0.20 1273.7 16.3

S4 311 ~403
1643 ~ 1715 76. 63 0.22 1190. 6 15.8
1715 ~ 1765 79.74 0.19 1273.0 16. 4
1765 ~ 1846 77.89 0.21 1224.0 15.9
1846 ~ 1885 76. 40 0.23 1184.6 15.7
1885 ~ 1927 53.35 0. 45 574.4 10.9
LS 403 ~423 1927 ~ 1948 51.44 0. 44 523.9 11.1
1948 ~ 1985 51.96 0. 46 537.5 10. 6
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Fig. 6

mean annual temperatures and mean annual precipitations of the past 420,000 years in Liaoning Province (a) in Luochuan area(b) o

and in Beijing(¢) "'
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L, L2, STERMBIEFMNTRERELLE, R TR
FM T REE L Z WA EMEY G K. Kl 6b g
T B B AR 359 B K AR fR B L Dl 500 ~ 700 mm A2
A AR AR AR B Dy 10 ~ 14°C 5 ¥ T By BLAR
SRR AR R 100 ~ 200 mm A2 AT A F 3
ARG 2 ~6°C o [ 6c HE I B B A E 2
W 7K B A8 Ak 3 B 2l 400 ~ 600 mm 245, AR SF 3SR
ARG R 10 ~ 12°C 5% T B B 4R 7 2 oK 2 22 4k
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71 ~ 148 ka BP AEH RN £k 1 128.2 ~1 294.0 mm,
AEYTE R 16.1 ~16.6°C ;176 ~ 208 ka BP 4F Y5 [
R 12314 mm, AE 3R R 16. 0°C ;225 ~ 243 ka BP
AT N 1302, 7 mm, AFE 3R R 16, 59C ;311 ~
403 ka BP AEJRE Tl 1 184.6 ~1 277.2 mm, 4F
PR R 15.6 ~16.6C . AT Bt:148 ~ 176 ka BP 4F
IRE TN 1k 640. 49 ~ 682.09 mm, 4F1iE K 8.49 ~
9.13°C ;208 ~ 225 ka BP 4F ¥ f& W & S 642. 54 ~
731.42 mm AE¥TE R 10. 1 ~11. 6°C ;243 ~311 ka BP
AR RETR R 517. 24 ~ 669. 08 mm , 4E Y57 9. 18 ~

12.2°C ;403 ~ 423 ka BP 4E & Wi & 523.92 ~
574.42 mm,4EHE 10.6 ~11.0C .
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RELATIONSHIP BETWEEN SOIL-DEVELOPING INDICATORS AND CLIMATE FACTORS
AND RECONSTRUCTION OF PALEOCLIMATE IN THE WESTERN AREA,
LIAONING PROVINCE

Wang Qiubing Cui Dong Han Chunlan Bai Chenhui Zhang Yinyin Sun Zhongxiu
(College of Land and Environment ,Shenyang Agricultural University, The Ministry of Agriculture in Northeast Area ,Laboratory of soil and Environment,

Liaonning Province Key Laboratory of Agricultural Resources and Environment,Shenyang 110866 ,China)

Abstract Through analysis of the 22 soil profile development indices of the soils developed under the modern cli-
matic conditions of China and then correlation analysis, transfer functions were established between soil development indi-
ces and climate factors and used in reconstructuring paleoclimatic parameters of the paleosol profiles in the Fenghuang
Mountain of Chaoyang, Liaoning Province. The following peleoclimatic parameters of the past 71 ~ 423 ka BP were
obtained, including the mean annual precipitation being 523.92 ~ 574.42 mm and the mean annual temperature being
10.6 ~11.0°C in 403 ~423 ka BP; 1 184.6 ~1 277.2 mm and 15.6 ~16.6°C in 311 ~403 ka BP; 517.24 ~669. 08 mm
and 9. 18 ~12.2°C in 243 ~311ka BP; 1 302. 7 mm and 16. 5°C in 225 ~243 ka BP; 642.54 ~731.42 mm and 10. 1 ~
11.6°C in 208 ~225 ka BP; 1 231.4 mm and 16.0°C in 176 ~208 ka BP; 640.49 ~682.09 mm and 8.49 ~9. 13°C in
148 ~176ka BP; and 1 128.2 ~1294.0 mm and 16. 1 ~16. 6°C in 71 ~ 148ka BP. Now the mean annual temperature is
9°C and the mean annual precipitation 450 ~500 mm in Chaoyang, Liaoning, which indicates that although the climate of
this area fluctuated greatly several times in the past 420,000 years, a general tendency is clear that the climate in that re-
gion is evolving from warm and humid to cold and arid.

Key words Development index; Transfer function; Paleoclimate; The western area of Liaoning

(REHE:4 H)



