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ABSTRACT

The average chemical composition of loess in China. has been measured and calculated by
the method of mass-weighted average calculation on the basis of extensive sampling and labora-
tory chemical analysis. Great differences are noticed in chemical composition between loess of
China and the lower or the bulk crust,the former being characterized by the relative enrichment
of LIL elements and the latter two by the enrichment mainly of siderophile elements. Much si-
milarity is indicated in chemical composition between loess of China and the upper crust. In addi-
tion to the enrichment of Ca and B and the depletion of Na and Nb,the majority of the other ele-

ments in the loess of China show little or.even no difference in contents from those in the upper
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crust. The above characterisitics indicate tha loess of China typically belongs to upper crustal
material. Loess of China not only provides a kind of ideal natural average samples of the exposed
upper continental crust,but also can be used,if its average chemical composition is taken into

consideration ,to represent the chemical composition of the upper continental crust.

INTRODUCTION

No other equivalents can be found in the world that can be compared with loess of
China with respect to its extensive distriButiBn,great thickness and completely developed
stratigraphy,specially the Late Pleistocene Malan loess which is most widely distributed .
"~ As the Malan loess was formed relatively late (100,000—10,000 yrs B. P. and thus is al-
most free from the influence of chemical weathering and epigenetic diagenesis,it has still
preserved more primitive features at the time of loess accumulation. Compositional and
fine-structural studies of loess (Liu Tungsheng et al. ;1964;1965;1966;1985;Su Lianyi et
al. ,1955;Zhu Haizhi,1963;Zhu Haizhi et al. ,1964; Wen Qizhong et al. 1989)showed that
the Malan loess is of relative homogeneity in chemical composition and possessed of a zonal
distribution pattern in going from northwest to southeast. Moreover,the distribution areas
of the Malan loess are closely related with deserts and gobi and there has been almost no
controversy on the hypothesis that it was derived from farther source regions and was
highly mixed during its wind-transportation (Wen Qizhong et al. , 1989; Wu Mingqing ez
al. ,1991). So the Malan loess is the typical representative of China’s loess and this view-
point has been commonly accepted by more and more geologists.

The chemical composition data so far accumulated show that either major or trace
elemetns in the Malan loess distributed along the middle reaches of the Yellow River,like
its grain size and mineral composition,have nothing to do with the local basement rocks
and display no remarked regional variations(Wen Qizhong et al. ,1989). So the Malan loess
is considered to be the product of highly homogenized mixing of weathered fragments
(silts-sized rock flour)derived from various types of continental rocks on a large scale.
Therefore, the Malan loess in China may be better natural samples representing the ave-
rage composition of the upper continental crust. It is believed that from the average chemi-
cal composition of the Malan loess of China we can postulate the average chemical compo-
_ sition of the upper continental crust. It seems to be the simplest and most reasonable to the

determination of the chemical composition of the upper continerntal crust.

SAMPLES AND METHODS

1. Distribution of samples
Extensive studies of the chemical composition and fine structure of loess in the past

years showed that although it is of relative homogenization in composition,the Malan loess
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. is possessed of obvious zonation from northwest to southeast(Su Lianyi et al. ,1959;Zhu

Haizhi et al. ,1963;1964; Liu Tungsheng et al. ,1985). That is to say,the whole Malan
loess can be divided into three zones :sandy loess,loess ,and clayey loess. In order to make
our research as systematic and representative as possible, nine investigation routes were
chosen in the vast area of about 300,000km?® along the middle reaches of the Yellow River
where the Malan loess is widely distributed from Lanzhou in the west to Changzhi in the
east and from the margin of the Maowusu desert in the north to the northern bank of the
Weishui River in the south. Repeated traverses were made through the three Malan loess
zones,accompanied with detailed field observations,thickness measurement and systematic
sampling of sandy loess,loess and clayey loess. A total of 147 loess samples were collected
and the sample localities are shown in Fig. 1. The sampling depth ranges from 2. 5m to 3m
from the surface and the sampling interval is about 25— 30km. At the laboratory the 147
loess samples collected from the field were first organized into 100 pieces,then ground as
fine as about 200 mesh by means of agate mortar and finally analyzed with various

meansuring and analytical approaches.

[ ——— e e e e ey

Fig: 1 Sketch map showing the sample localities of the Malan loess in China
I =sandy loess; I =loess; K =élayey loess

2. Analytical methods and uncertainties

The 100 composite samples collected from the three loess zones were analyzed for 53
chemical elements. The major elements were analyzed by clas;ical wet chemical analysis
and atomic absorption spectrometry;most of the trace elements were analyzed by atomic
absorption spectrometry and ICP transmission spectrometry; F and B by ion-selective elec-
trode techniques; Nb,Ta,Zr and Hf by paper chromatography separation-photometry; Sc

by ion-exchange separation-photometry. Analytical uncertainties of major elements werc
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estimated to be generally less than iO:S% except for that Nb,Ta,Zr,Hf,F,and B were
4+5%—10% and W,Sn and Mo were +10%—20%.

RESULTS AND DISCUSSION

1. The abundances and distribution characteristics of major elemcnts in the Malan loess

The results of the analysis of 53 chemical elements jn the Malan loess are listed in
Table 1 . The former three sets of data represent respectively the average values,standard
deviations and variation coefficients of the chemical elements in loess samples from the
three different loess zones,and the last set of data represents the mass-weighted average
~ abundances of the chemical elements in the whole Malan loess. As viewed from the major
element analyses, loess of China contains mainly SiO, (59.81% on average), Al,O;
(11. 88% on average)and CaO(7.79% on average),and subordinately Fe,0;(2.77% on
average) ,MgO (2. 35% on average),K,0(2. 25% on average),Na,O(1.79% on average),
FeO (1. 26% on average),etc. It is shown that the main minerals in the loess are quartz,
feldspar and calcite,followed by mica and other accessory minerals. The former three kinds
of minerals account for 80% —90% of the whole detrital minerals (Liu Tungsheng ez al. ,
1985). Therefore ,the main chemical composition of the loess is consistent with its mineral
composition. In addition the three loess zones show a consistency with respect to the con-
tents of major elements in th loess,but, as viewed from their regional distribution,the ma-
jor elements show regular variations in going from northwest to southeast(i. e. sandy loess
—loess—clayey loess). For example,Si0;,Na,O and FeO tend to decrease whereas Al,O,,
CaO and Fe,0; tend to increase. This tendency indicates variations in mineral composition
of the Malan loess with decreasing grain size from northwest to southeast,suggesting that
the contents of quartz and other species in sandy loess in the northwest are high relative to
those of clay minerals and carbonate minerals in the southeast. It follows that the main
chemical composition of loess is actually controlled strictly by its mineral composition.

2. Trace elements in the Malan loess _

As can be seen from Table 1,there are significant differences in the abundance of trace
elements in loess,with the minimum less than 1ppm and the maximum up to several hun-
dred ppm. Such differences are closely related to the composition of detrital minerals in the
loess on one hand and to the geochemical behavior of the trace elements themselves under
hypergenic conditions and their average crustal abundances on the other hand. Regionally,
the contents of most trace elements show regular variations from northwest to southeast
(i. e. sandy loess—loess—clayey loess). Many trace elements, such as Zn,Cu,Co,Ni,V,
Li,Rb,Cs,REE and others, tend to increase in the order of clayey loess > loess >sandy
loess, while a few trace elements,such as Ta,Mo and Sr, show an opposite trend. Some
trace elements, such as Sc,Se and Be, are of little variation in the three loess zones. The

main factors leading to the zonal distribution of many trace elements in the Malan loess
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Table 1 Chemical composition of the Malan loess from the middle reaches of the Huanghe River

Sandy loess(n=23) Loess(n=97) Clayey loness(n=27) Chinesé
Elements loess
mean [ 6/x mean ] o/x mean s a/x S
Si0; (%) 62. 25 1.73 0. 06 . 58.38 0.78 0.03 57.16 0.98 0. 04 59.81
TiO; 0.58 0.03 0.11 - 0.62 0.03 0. 07 0.62 ©0.02 0. 06 0. 60
Al,Oy 11. 62 0. 27 0. 04 12.07 0.23 0. 04 12.13 0. 22 0.03 11. 88
Fe,0, 2.52 ) 0.42 0. 24 2.95 0. 09 0. 05 2.93 0. 08 0. 04 2.77
FeO 1. 30" 0.16 0.15 1.26 0.12 0.12 1.17 0.13 0.14 1. 26
MnQ 0. 05 0.01 0.12 0. 06 0. 01 0. 07 0.08 0. 01 0. 09 0. 06
MgO 2.29 0.31 0.22 2. 40 0. 20 0. 14 2.32 0.18 0.13 © 2. 35
Ca0 7. 00 0.92 0.1¢ 8.24 0.62 0.11 8. 177 0.92 0.15 ‘7.79
NaQ 1.94 0. 20 0.14 1.68 0. 09 0.07 1.58 0.13 0.11 1.78
K0 2.22 0.12 0. 06 2.28° 0.10 0. 05 2.23 0.13 0.07 2.25
P05 0.14 0.01 0.19 0.14 0. 02 0.25 0.16 0.03 0. 49 0.14
CO; 4. 98 0. 31 0.23 5.83 0.22 0.14 6.16 0.32 0.19 5.53
H, 0+ 2.31 0. 25 0. 18 3. 84 0.21 0. 15 5.26 0. 31 0.21 3.96
Total 99. 20 99.75 100. 57 b 100. 17
Zn (107%) 58.6 8.94 0.15 69.7 6. 35 0. 09 69.5 8.62 . 0.12 65. 3
Cu 18. 4 3. 24 0.18 23.0 2.52 0.11 24.2 2.62 - 0.11 21.3
Co 16. 1 2.71 0.17 19. 6 .77 0. 09 21.5 1.21 0. 06 18. 4
Ni 29.8 6. 96 0.23 36.1 3. 00 0.08 37.5 2. 87 0.08 33.8
Pb 25.5 4.59 0.18 29.0 2.91 0.10 30.3 2.71 0.09 27.7
Nb 9.94 1. 35 0.14 10. 63 1. 59 0.15 10.79 1. 80 0.17 10. 37
Ta 1.62 0. 56 0. 35 1. 71 0. 46 0. 27 1. 53 0.57 0. 37 1. 66
10) 2. 87 0. 56 0. 19 2.49 0.58 0. 23 2.57 0.58 0. 23 2. 64
Th 11. 07 1.21 0.11 11.76 0. 71 0. 06 12. 27 0.97 0.08 11.53
Sc 12.0 1. 43 0.12 12.7 1. 26 0. 10 12. 3 1.25 0.10 12. 4
Se 0.11 0.02 0.14 0.11 0. 02 0.16 0.11 0.02 0.20 0.11
Mo 1.5 0.59 0.39 1.3 0. 53 0. 40 0.10 0.22 0.22 1.4
w 1.2 0.48 0.41 1.6 0. 65 0. 40 1.6 0.76 0. 47 1.4
Sn 2.9 1.19 0. 41 3.0 1. 20 0. 40 3.1 1. 31 0. 42 3.0
Zr 223 9.12 0. 04 225 7.70 0. 03 227 7.36 0. 03 225
Hif 7.0 0.22 0.03 7.0 0.13 0.03 7.0 0. 14 0. 02 7.0
F 454 88 0.19 512 68 0.13 470 77 0.16 486
B 63 14. 90 0. 24 64 10. 60 0. 16 61 10.9 0.18 63
Ag 0. 07 0. 02 0. 31 0. 06 0. 02 0. 25 0.06 0.01 0.24 0.07
Li 29.0 4.13 0.14 34.5 2.24 0. 06 34,2 2. 34 0. 07 32.3
Rb 89.9 5. 64 © 0.06 97.8 5.12 0. 05 97.5 7.74 0. 08 94. 7
Cr 60. 6 11. 47 0.19 67.4 14. 20 0.21 63.2 4. 67 0. 07 64. 3
Ba 524 68 0.13 501 64 0.13 540 65 0.12 513
Be 1.9 0.21 0.11 2.1 0.19 0. 09 2.1 0. 23 0.11 2.0
Sr 242 30 0.12 227 43 0.19 215 42 0.20° 232
v 74. 1 11.0 0.15 82.1 8. 99 0.11 86. 3 9.73 0.11 79.3
Cs 6.0 0.79 0.13 7.7 0.92 0.12 7.6 1. 00 0.13 7.0
La 30. 43 2.71 0. 09 33.12 1.93 0. 06 33. 80 2.29 0.07 32.12
Ce 61. 27 5.68 0. 09 67.27 4. 16 0. 06 68. 62 4. 06 0.06 65.03
Pr 6. 29 0.52 0. 08 6.76 0. 36 0. 05 6. 87 0.38 0. 06 6.59
Nd 26. 30 2.55 0.10 28.24 1. 74 0. 06 28.91 1.78 0. 06 27.53
Sm 5.37 0. 49 0. 09 5.77 0. 32 0. 06 5. 86 0. 34 0.06 5.62
Eu 1. 07 0. 06 0. 06 1.15 0. 08 0. 07 1.17 0. 07 0.06 1.12
Gd 4.67 0.52 0.11 5.07 0. 36 0. 07 5.18 0. 37 0.07 4.92
Thb 0.77 0.08 0.10 0.84 0. 06 0. 07 0. 86 0. 06 0.07 0. 81
Dy 4. 29 0.51 0.12 4.63 0. 34 0. 07 4.69 0.3 0.08 4.50
Ho 0. 88 0.10 0.11 0.95 0. 07 0. 07 0.97 0. 08 0. 08 0.93
Er 2.52 0. 30 0.12 2. 68 0.20 0. 07 2.72 0.23 0. 09 2.62
Tm 0. 40 0. 39 0.10 0.43 0. 03 0. 07 0.44 0. 03 0. 07 0.42
Yb 2.58 0. 29 0.11 2.74 0.21 0.08 2.78 0. 24 0. 09 2.68
Lu 0. 41 0.04 0. 09 0.43 0.03 0. 08 0.43 0. 04 0. 08 0.42
Y 23. 38 2.27 0.10 25.98 7. 06 0.27 25. 32 1. 60 0. 06 24.90

n=the number of samplss;mean=the average concentration;s=the standard deviation;o/x=the variation coefficient.
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with respect to their abundances may be presented as follows:

(1)The influence of grain size

The influence of grain size is reflected in the relative enrichment of Zn,Cu,Co and Ni
in the finer grain-sized fractions of loess. With decreasing grain size of loess from coarse to
fine , the contents of the above elements in the clay particle-sized fraction of the Malan
loess show that the average contents of the above trace elements are higher than those of
the whole rock,with Zn and Cu in the clay particle-sized fraction being higher than those in
the whole rock by a factor of 2. 5—3(Wen Qizhong et al. ,1986). This implies that higher
contents of the above trace elements in clayey loess are probably due to their absorption on
clay minerals.
| (2)The influence of mineral composition

In regard to such elements as Li,Rb,and Cs,their independent minerals have not yet
been found in the loess. These elements appear to be present mainly as isomorphs or impu-
rities in detrital heavy minerals in the loess and hence regional variations in the contents of
the detrital heavy minefals would necessarily affect the distribution of these elements. For
example,the content of quartz is relatively high in sandy loess, because quartz(SiO,;) may
serve the function of dilute for other elements. This may explain the reason why the con-
tent of quartz tends to decrease in the order of sandy loess,loess,clayey loess, while the
contents of some other detrital heavy minerals tend to increase,resulting in a progressive
increase in abundance of some trace elements.
3. Comparison of the average chemical composition of loess in China with the abundance of
chemical elements in the crustal materials

Comparisons of loess of China with the lower and bulk crust(Taylor and McLennan,
1985)show that there is a significant difference in average chemical from the latter. For in-
stance,loess of China is rich in the major elements K and Si and poor in other major ele-
ments relative to the lower and bulk crust. In regard to trace elements,loess of China is
relatively rich in large-ion lithophile (LIL )elements such as Li,Rb,Cs,Ba, Th,etc, while
the lower and bulk crust are rich largely in Fe,Mg,Ti and siderophile elements such as Cr,
Ni, Co,etc. (Figs. 2 and 3). As for REE compositional characterisitics,loess of China is
quiet different from the lower and bulk crust,the former being characterized by relative en-
richment of LREE and remarked Eu depletion and the latter by relatively depletion of
LREE with almost no Eu depletion observed in the bulk crust but pronounced Eu enrich-
ment in the lower crust(Fig. 5). The chemical differences mentioned above truly reflect
that there are considerable differences in composition between loess of China and the lower
and bulk crust, indicating that loess of China contains mainly the loess-forming materical
form the upper continental crust, while the lower and bulk crust contain relatively high
amounts of deep crustal material. That is why loess of China is relatively rich in lithophile
and poor in siderophile elements while the lower and bulk crust is relatively rich in

siderophile elements and poor in lithophile elements.
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Fig. 2 Comparison of the chemical composition of loess of China with that of the lower crust

By-comparing the chemical composition of loess of China with that of the upper crust
(Taylor and McLennan, 1985),we can see that there are surprisingly significant similari-
ties between them (Fig. 4). As compared with the upper crust,the most majority of the ele-
ments in loess -of China are close to each other in contents and some elements, such as Mg,
Ti,La,Ce,U,etc. ,are even identical to each other in abundance except that Ca and B are
relatively high and Na and Nb relatively low. In regard to the REE compositional charac-
teristics,, the REE distribution patterns in loess of China are parallel to ,or even approxi-.
mate to, those of the upper crust, with no difference for the extent of Eu depletion (Fig.
5). Higher content of Ca in loess of China may be due mainly to more carbonate minerals
(mainly calcite)contained in loess material. Relative enrichment of B in loess of China may
be attributed to the strong adsorbing capability of clay .minerals. The loss of Na as a result
of leaching during the process of pedogenesis is a reasonable explanation of relatively low
Na content in loess of China (Liu Tungsheng et al. ,1985; Wen Qizhong et al. ,1989). Gen-
erally, there is almost no difference in average chemical composition between loess of Chi-
na and the upper continental crust(Taylor and McLennan,1985) ,demonstrating that loess
of Chira is the typical represgntative of average natural samples of the exposed upper con-

tinental crust(Taylor and McLennan, 1985).
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Fig. 3 Comparison of the chemical composition of loess of China with that of the bulk crust

Conclusions

1. Relatively precise average chemical composition data for loess of China have been
obtained by extensive sampling and precise analysis of the Malan loess distributed in the
area along the middle reaches of the Yellow River in China and by using the mass-weighted
average calculating method.

2. The composition characteristics of trace elements in loéss of China are similar to
those of major elements,i. e. ,the content of most trace elements are of slight variation,but
show regular variations with respect to their regional distribution. For example,such ele-
ments as Zn,Cu,Co,Ni,V,Li,Rb,Cs,REEetc. ,display a tendency of increasing in the or-

. der of clayey loess—loess—>sandy loess,while Ta,Mo,Sr etc. show an opposite tendency .
Evidence suggests that the principal factors governing the variation in trace element con-
tents in loess of China are the mineral composition and the particle size composition.

3. Significant differences are noticed in average chemical composition between loess of
China and the lower and bulk crust,the former being relatively rich in K,Si and LIL ele-
ments, while the lower and bulk crust is rich in Fe,Mg,Ti and siderophile elements. Loess

of China is characterized by relative enrichment of LREE and remarked Eu depletion
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Fig. 4 Comparison of the chemical composition of loess in China with that of the upper crust
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3=lower crust(Taylor and McLennan,1985);4=bulk crust(Taylor and McLennan,1985);
5=contin§ntal crust of China (Li Tong,1994)

whereas the lower and bulk crust is relatively poor in LREE with no Eu depletion observed

in the bulk crust and remarked Eu enrichment in the lower crust. It is indicated that loess
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of China is typically representative of the upper crustal material.

4. Much similarity is noticed in average chemical composition between loess of China
and upper continental crust. In the loess of China Ca and B are relatively high and Na, Nb
are relatively low,and the majority of the rest elements are close to one another,some ele-
ments such as Mg,Ti,La ,Ce and U even identical to one another with respect to their con-
tents. In regard to REE compositional characteristics, the REE distribution patterns in.
loess of China aré parallel to ,or even close to,those of the upper crust with no deviation in
extent of Eu depletion. Therefore loess of China .not only provides the ideal average natural

samples of exposed upper continental crust,but also presents an average chemical composi-

toon of upper continental crust.
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