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Table 1 Contents wt% of major elements in the red clay samples from Xifeng
WC30 WCs0 WC65 wWC92 WC105 WC120  WCI132  WCl47 WC162
8.0m 16.0m 22.0m 32.8m 38.0m 44.0m 48.8m 54.8m 60.8m
Si0, 53.61 53.46 50.13 54.42 49.8 48.79 50.47 48.11 49.05 50.87
Al Oy 12.42 12.49 11.79 12.75 11.56 11.36 11.73 11.35 11.15 11.84
CaO 9.26 9.27 11.48 8.29 11.81 12.17 11.39 12.89 12.2 10.97
MgO 2.52 2.73 3.16 2.86 2.95 3.13 2.79 2.75 3.14 2.89
K, 0 2.35 2.42 2.24 2.49 2.16 2.15 2.2 2.12 2.07 2.24
Na, O 1.12 1.24 1.08 1.14 0.94 0.82 1.01 0.9 0.99 1.03
Fe, 05 3.41 3.98 3.71 4.05 3.67 3.71 3.72 3.64 3.29 3.69
FeO 0.86 0.8 0.82 0.84 0.77 0.72 0.77 0.71 0.96 0.81
MnO 0.08 0.09 0.08 0.09 0.08 0.08 0.08 0.08 0.07 0.08
P, 0s 0.12 0.24 0.12 0.14 0.12 0.12 0.11 0.1 0.12 0.13
TiO, 0.65 0.64 0.6 0.64 0.59 0.57 0.58 0.55 0.57 0.60
LOI 13.15 12.55 14.94 12.47 15.4 16.26 14.79 16.28 15.94 14.64
99.55 99.91 100.15 100.18 99.85 99.88 99.64 99.48 99.55
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Table 2 Concentrations of major and trace elements in the acid-insoluble phases of the Xifeng red clay
compared with loess and paleosols '

WC30 WC65 wC92  WC120 WC162

8.0m 22.0m 32.8m 44.0m 60.8m
% 20.57 22.01 16.50 23.16 26.81 9.39~21.12 13.43 0.75~10.70 4.97
Si0, 65.62 63.07 63.12 62.05 64.89 63.83~69.47 66.40 63.20 ~ 67.97 65.18
Al 05 14.62 15.17 15.16 15.48 14.81 13.14~15.04 14.20 13.96 ~ 15.51 14.79
CaO 0.89 0.83 0.87 0.99 0.94 0.87~1.22 1.02 0.57~0.95 0.83
MgO 2.54 2.99 2.94 3.20 2.80 1.99 ~2.60 2.29 1.86 ~2.60 2.21
K0 3.17 2.81 3.09 3.02 2.92 2.62~3.23 3.01 2.56~3.35 3.15
Na, O 1.27 1.22 1.19 0.86 1.24 1.32~2.03 1.66 1.03~1.79 1.41
Fe, 05 5.08 5.27 5.36 5.62 5.06 4.18~5.50 4.81 4.66 ~5.54 5.12
MnO 0.08 0.08 0.08 0.08 0.07 0.05~0.09 0.07 0.06 ~0.09 0.08
P, 0s 0.14 0.15 0.15 0.16 0.15 0.12~0.18 0.15 0.09~0.14 0.11
TiO, 0.80 0.75 0.76 0.73 0.74 0.67~0.79 0.73 0.72~0.78 0.75
LOI 5.84 7.50 6.80 7.48 6.40 4.43~6.74 5.36 4.43 ~7.56 6.00

100.05  99.84  99.52  99.67 100.02

CIA 68.24  70.9  69.91 7173  69.33  62.93~68.56 65.46  65.9~69.71  67.99
U 41 34 38 23 49 0.4~57 2.9 0.4-52 3.1

Rb 123 125 126 125 124 102 ~ 127 116 112 ~ 137 123
Th 125 144 144 16 10 87~183 132 10.0~17.4  13.7
St 13 19 17 12 116 15-142 127 98 ~ 125 115
Y 25.6 249 247 25.8  24.3 14.4~26.7 239  2.9-31.4 267
Zr 254 233 236 28 230 230~275 247 228 ~ 273 243
Nb 6.2 162 159 15 14.4 12.9~18 16 1219 16

Cu 32 31 33 34 37 18~31 26 23~36 30

Ba 49 47 M2 339 50 388~ 655 M5 409 ~ 715 4635
Ph 24 24 26 57 41 15~ 173 37 14.4~37.0 25

Zn 86 89 92 94 89 66~ 90 79 72~ % 83

Ni 4 4 e 46 4 31~ 44 38 35~ 44 41

Co 149 17.5 187 188 145 12.1~17.5 149 11.4~18.0 154
v 9 108 110 106 107 78 ~ 106 9% 89~ 111 100
Cr 7 52 43 4 47 15~ 84 51 19~82 58

Ca 205 201 223 174 18.1 15.9~20.2  18.0 14.6~21.7  18.3

* Fe, 0
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Table 3 Parameters of rare earth elements of red clay from Xifeng compared with loess and paleosols >

SREE/ x 10~° 150 ~ 166 160 150 ~ 210 176 190 ~ 230 214
LR/HR 7.80~8.20 8.03 6.05~9.21 7.63 6.39~8.74 7.51
Eu/Sm 0.203 ~0.210 0.205 0.178 ~0.241 0.205 0.186 ~0.217 0.201
Sm/Nd 0.180~0.191 0.183 0.134~0.21 0.168 0.153~0.188 0.162
0Eu 0.64~0.67 0.65 0.60~0.84 0.68 0.65~0.87 0.68
0Ce 0.91~1.02 0.95 0.77~0.99 0.88 0.80~1.01 0.93

. 3 SREE

LREE/HREE  6Eu J6Ce Eu/Sm Sm/Nd

22
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Fig.1 Chondrite-normalized REE distribution pattern for red
clay from Xifeng and Quaternary loess and paleosols
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Fig.2 UCC-normalized pattern of trace elements for the red clay
from Xifeng and loess paleosols samples from Luochuan "
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Fig.5 Weathering trend of the red clay from Xifeng and

loess paleosol samples from Luochuan '
A=ALO; CN=Ca0" +NaO K=KO. I.
2. 18 3. 18 4. 23 5. 23

14 18



174 2001

11

12

13

16

3 Ca Na CIA Na/K
Rb/Sr

Teilhard de Chardin P Young C C. Fossil mammals from the Late Cenozoic of the northern China J . Paleontologia Sinica
Ser. C 1931 9 1 1~66.

25 M . 1987.
J. B 1994 24
2 216~224.
J. 1995 40 5
447 ~ 449
I 1987 7 3 113~120.

Evans M E  Wang Y Rutter NW et al. Preliminary magnetostratigraphy of the red clay underlying the loess sequence at Baoji
China J . Geophysical Research Letters. 1991 18 1409 ~ 1412.
I 1996 3  232~238.
J . D 1997

27 3 265~270.

Shaw J . I . D

1998 28 1 79~84.

Sun D Shaw ] An Z et al. Magnetostratigraphy and paleoclimatic interpretation of a continuous 7.2Ma Late Cenozoic eolian

sediments from the Chinese Loess Plateau J . Geophysical Research Letters 1998 25 1 85~ 88.

— ]
1999 17 2 226~232.
I . 1997 2
147 ~ 156.
- I 1998 1 86
~92.

1998 3 194 ~211.

I 1998 28 6 481 ~490.



2 175

I 1999 6 556 ~567.
17 Ding Z Rutter NW Sun J et al. Re-arrangement of atmospheric circulation at about 2.6Ma over northern China evidence
from grain size records of loess ~ paleosol and red clay sequences J . Quaternary Science Reviews 2000 19 547 ~558.
18 . 2.5Ma I D
2001 31 2 136~ 145.
19 . M . 1985.
20 An7Z Kukla G Porter S C et al. Magnetic susceptibility evidence of monsoon variation on the loess plateau of central China

during the last 130 000 years J . Quaternary Research 1991 36 29 ~36.

21 . M . 1989.88 ~ 93.

22 . M . 1989.

23 Taylor SR McLennan S M. The continental crust Its composition and evolution M . Geoscience Texts London Blackwell
1985.

24 Nesbitt HW  Young G M. Early Proterozoic climates and plate motions inferred from major element chemistry of lutites J . Na-

ture 1982 299 715~717.

25 Nesbitt H W Markovics G Price R C. Chemical processes affecting alkalis and alkaline earths during continental weathering

J . Geochimica et Cosmochimica Acta 1980 44 1659 ~ 1666.

26 Dasch E J. Strontium isotopes in weathering profiles deep sea sediments and sedimentary rocks J . Geochim Cosmochim Acta
1969 33 1521 ~ 1552.

27 Chen ] AnZ Head J. Variation of Rb/Sr ratios in the loess-paleosol sequences of central China during last 130 000 yrears and
their implications for monsoon paleoclimatology J . Quaternary Research 1999 51 215~219.

28 Chen Jun Wang Yongjin Chen Yang et al. Geochemical characterization of Rb and Sr in the Chinese loess stratigraphy and its

implications for paleomonsoon climate J . Acta Geologica Sinica 2000 4 2 279 ~288.

CHEMICAL COMPOSITION AND CHARACTERIZATION
OF CHEMICAL WEATHERING OF LATE TERTIARY RED
CLAY IN XIFENG GANSU PROVINCE

CHEN Yang CHEN Jun LIU Lian-wen

Institute of Surficial Geochemistry — Department of Earth Sciences

State Key Laboratory of Mineral Deposit Research ~ Nanjing University ~ Nanjing 210093 China .

Abstract Geochemical studies have been conducted on the red clay samples from Xifeng Gansu
Province China. Results show that these samples are enriched in carbonate and depleted in other ele-
ments such as Si Al and Fe. To eliminate the effect of the carbonate fraction five samples were
leached by 1mol/L acetic acid. It can be found that the acid-insoluble fractions of the samples have simi-
lar compositions  indicating same sources. The distribution patterns of rare earth elements and trace ele-
ments indicate the similarity of eolian origin between the red clay and Quaternary loess and paleosols.
Further investigations show that the red clay experinece the incipient stage of chemical weathering charac-
terized by removal of Na and Ca. Several geochemical parameters such as CIA values Na/K and Rb/Sr
ratios in the acid-insoluble fractions reveal that the red clay has undergone more intense chemical weath-
ering than loess and paleosols suggesting that the paleoclimate on the Loess Plateau has evolved from
warm and moist conditions during Late Tertiary to dry and cold conditions during Quaternary .

Key words red clay chemical composition chemical weathering



