
Geophys. J. Int. (1995) 123, 611-622

A g e m o d e l s , s e d i m e n t f l u x e s a n d p a l a e o c l i m a t i c r e c o n s t r u c t i o n s f o r

t h e C h i n e s e l o e s s a n d p a l a e o s o l s e q u e n c e s

R . T h o m p s o n 1 a n d B . A . M a h e r 2

^Department of Geology and Geophysics, Grant Institute, University of Edinburgh, West Mains Road, Edinburgh EH9 3JW, UK
2School of Environmental Sciences, University of East Anglia, Norwich NR4 7TJ, UK

Accepted 1995 June 14. Received 1995 May 17; in original form 1995 January 27.

S U M M A R Y

Palaeomagnetic studies of the Chinese loess provided the first firm chronology for

these sediments and revealed that their depositional history reaches back over 2.5 Ma.

Magnetic susceptibility records can provide an even more detailed chronology through

correlation with the ё18О deep-sea stratigraphy. The susceptibility fluctuations have
been used also, either alone or in combination with 10Be measurements, to reconstruct
palaeoclimate. However, there is still debate as to the origin of the 10Be and magnetic
minerals in the Chinese loess and hence their palaeoclimatic significance. Here we
analyse magnetic data from six sites across the Loess Plateau, and reinterpret the 10Be
data from Luochuan as largely reflecting primary 10Be dust loading rather than as a
palaeorainfall indicator. We discount previous ideas of both constancy of the flux of
magnetically susceptible minerals (i.e. susceptibility flux) or constancy of the ratio of
the flux of 10Be and susceptibility. We explain the susceptibility of Chinese loess in
terms of in situ pedogenic ferrimagnetic enhancement. The competing effects of reduction
and oxidation are taken to control the degree of magnetic enhancement, such that
magnetic susceptibility is a direct indicator of palaeorainfall. Our reconstructions yield
variations in palaeorainfall of between +28 per cent and —12 per cent in the central
Loess Plateau rather than +100 per cent to —50 per cent as suggested from previous
10Be and magnetic susceptibility studies.
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1 INTRODUCTION

Nowhere in the terrestrial environment is there a more com-
plete and highly resolved archive of Quaternary climate change
than in the Loess Plateau region of north central China.
Deposition of windblown dust in this area (between latitudes
33° and 47°N, longitudes 127° and 75°E, Fig. la) was initiated
around 2.5 Ma BP (Heller & Liu 1986). A vast volume of
sediment, provided from sources such as the Gobi Desert and
the Tibetan Plateau, completely buries the previous surface
topography. The volume of dust on the Loess Plateau and its
margins (0.5 x 103 km3) can be approximately related to the
volume of, for example, the mountains of Scandinavia. Loess
transport and deposition were at a maximum during cool, dry
(glacial) stages. During warmer, wetter (interglacial/interstad-
ial) stages, vegetation more permanently colonized the loess
surface and in situ weathering enhanced development of soil
horizons. Cyclical variations in climate produced multiple
interleaving of less-weathered loess layers with reddened,
clay-enriched palaeosols.

In a spatial sense, the loess/palaeosol sequences are a wedge,

up to 350 m thick in the western Plateau (e.g. around Lanzhou),
about 150 m thick in the central area (e.g. Luochuan), thinning
out further to the south and east. The sediments are also finer
grained from west to south and east. These variations span a
contemporary climatic gradient (Fig. lb), from relatively dry
in the west (ж350 mm rainfall yr" 1 ) to increasingly humid in
the south and east («700 mm yr" 1 ).

Only qualitative assessment of changes in palaeoclimate can
be made from the lithostratigraphic variations of the loess/soil
sequences. The loess/soil fossil record (of pollen and snails)
also lacks resolution, owing to poor preservation and problems
in classification. However, quantitative palaeoclimatic recon-
structions have recently been attempted for these sediments by
analysis of their rock magnetic properties (Maher, Thompson
& Zhou 1994) and their content of beryllium-10, a cosmogenic
radionuclide (Heller et al. 1993). Both sets of these measured
properties show strong correlation with each other and with
the deep-sea SlgO record, indicating that they are both
responding to climate change in some, not necessarily linked,
way. In terms of the rock magnetic properties, magnetic
susceptibility values, for instance, are higher by a factor of
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between three and six in the palaeosols than in the intervening
loess layers. Similarly, 10Be concentrations are also higher in
the palaeosols, but by a smaller factor, between two and three.

In the case of the 10Be studies, а 10Ве record was obtained
for the loess/soil sequence at Luochuan, in the central part of
the Loess Plateau (Shen et al. 1992). The fluxes of 10Be and
magnetic susceptibility were calculated, and the 10Be flux owing

to detrital input used to identify the detrital and the in situ
(pedogenic) components of susceptibility. The pedogenic com-
ponent, related directly to regional rainfall, was then used to
reconstruct palaeorainfall for the last glacial/interglacial cycle
(Heller et al. 1993).

In the approach of Maher et al. (1994), magnetic susceptibil-
ity alone was used to reconstruct palaeorainfall, for a range of
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Part of this work was funded by a NERC (UK) research grant
to BAM. The TL datings were carried out by L. P. Zhou as
part of the NERC (UK) research project.

REFERENCES

An, Z.S., Kukla, G.J., Porter, S.J. & Xiao, J., 1991. Magnetic susceptibil-
ity evidence of monsoon variations on the Loess Plateau of central
China during the last 130,000 years, Quat. Res., 36, 29-36.

Banerjee, S.K., 1994. Contributions of fine particle magnetism to
reading the global paleoclimate record, J. appl. Phys., 75(1),
5925-5930.

Beer, J., Shen, C, Heller, F., Liu, Т., Bonani, G., Dittrich, В., Suter, M.
& Kubik, P.W., 1993. 10Be and magnetic susceptibility in Chinese
loess, Geophys. Res. Lett., 20(1), 57-60.

Brown, L., Stensland, G.J., Klein, J. & Middleton, R., 1989.
Atmospheric deposition of 7Be and 10Be, Geochim. cosmochim. Ada,
53, 135-142.

Clemens, S.C. & Prell, W.L. 1990. Late Pleistocene variability of
Arabian Sea summer monsoon winds and continental aridity: eolian
records from the Kthogenic component of deep-sea sediments,
Palaeoceanography, 5, 109-145.

Dickson, A.B. & Crocker, R.L., 1953. A chronosequence of soils and,
vegetation near Mt Shasta, California. II The development of forest
floors and the carbon and nitrogen profiles of the soils, J. Soil Sci.,
4, 142-154. „ __ . '- - • '

Eyre, J.K., 1994. Magnetic mineralogy of Chinese loess, PhD thesis,
University of Liverpool;' ' '

Eyre, J.K. & Shaw, J., 1994. Magnetic enhancement of Chinese loess—
the role of yFe2O3?, Geophys. J. Int., 117, 265-271.

Hallberg, G.R., Wollenhaupt, N.C. & Miller, G.A., 1978. A century of
soil development in spoil derived from loess in Iowa, Soil Sci. Soc.
Am. J., 42, 339-343.

Heller, F. & Liu, Т., 1982. Magnetostratigraphical dating of loess
deposits in China, Nature, 300, 431-433.

Heller, F. & Liu, Т., 1986. Magnetism of Chinese loess deposits,
J. Geophys. Res., 77, 125-141.

Heller, F., Shen, CD., Beer, J., Liu, X.M., Bronger, A., Suter, M. &
Bonani, G., 1993. Quantitative estimates of pedogenic ferromagnetic
mineral formation in Chinese loess and palaeoclimatic implications/
Earth planet. Sci. Lett., 114,385-390. ; .

Hovan, S.A., Rea, D.K., Pisias, N.G. & Shackleton, N.J., 1989. A direct
link between the China loess and marine <518O records: aeolian flux
to the north Pacific, Nature, 340, 296-298.

Kukla, G. & An, Z., 1989. Loess stratigraphy in central China,
Palaeogeog. Palaeoclimat. Palaeoecol, 72, 203-225.

Kukla, G., Heller, F, Liu, X.M., Xu, T.C., Liu, T.S. & An, Z.S., 1988,
Pleistocene climates in China dated by magnetic susceptibility,
Geology, 16, 811-814.

Le Borgne, E., 1955. Susceptibility magnetiqueanprmale/du sol
superficiel, Ann. Geophys., 11, 399-419.

Lovley, D.R., Stolz, J., Nord, G.L. & Phillips, E.J.P., 1987. Anaerobic
production of magnetite by a 'dissimilatory iron-reducing micro-
organism, Nature, 330, 252.

Mahaney, W.C., 1970. Soil genesis on deposits of fteoglacial'and lafe
Pleistocene age in the Indian Peaks of the Colorado Front Range,
PhD thesis, University of Colorado. "'

Maher, B.A. & Thompson, R., 1992. Paleoclimatic significance of the
mineral magnetic record of the Chinese loess and paleosols, Quat.
Res., 37, 155-170.

Maher, B.A., Thompson, R. & Zhou, L.P., 1994. Spatial and temporal

reconstructions of changes in the Asian palaeomonsoon: a new
mineral magnetic approach, Earth planet. Sci. Lett., 125, 461-471.

Nakai, S., Halliday, A.N. & Rea, D.K., 1993. Provenance of dust in
the Pacific Ocean, Earth planet. Sci. Lett., 119, 143-157.

Pavich, M.J., Brown, L., Harden, J., Klein, J. & Middleton, R., 1986.
10Be distribution in soils from Merced river terraces, California,
Geochim. cosmochim. Acta, 50, 1727—1735.

Rendell, H. & Townsend, P.D., 1988. Thermoluminescence dating of

a 10M loess profile in Pakistan, Quat. Sci. Rev., 7, 251-255.
Rutter, N., 1992. Presidential Address, XIII INQUA Congress 1991:

Chinese loess and global change, Quat. Sci. Rev., 11, 275-281.
Severs, J.K., Adams, J.A. & Walker, T.W., 1970. Accumulation of

organic matter in a chronosequence of soils on wind-blown sand in
New Zealand, J. Soil Sci., 21, 146-153.

Shen, C, Beer, j . , Liu, T.S., Oeschger, H., Bonani, G., Suter, M. &

Wolfli, W., 1992. 10Be in Chinese loess, Earth planet. Sci. Lett.,
109, 169-177.

Stork, A., 1963. Plant immigration in front of retreating glaciers, with

examples from the Kebnekajse area, N. Sweden, Geogr. Ann.,
XLV, 1-22.

Tamaura, Y., Ito, K. & Katsura, Т., 1983. Transformation of aFeO(OH)

to Fe 3 O 4 by adsorption of iron (II) ion on aFeO(OH), J. Chem.
. ,- Soc. Dalton Trans., 1, 189-194.
' Taylor, R.M., Maher, B.A. & Self, P.G., 1987. Magnetite in soils: I.

The synthesis of single domain and superparamagnetic magnetite,
Clay Miner., 22, 411-422.

Thompson, R. & Clark, R.M., 1993. Quantitative marine sediment

core matching using a modified sequence-slotting algorithm, in High
Resolution Stratigraphy, pp. 39-49, eds Hailwood, E.A. & Kidd,
R.B., The Geological Society of London Special Publication
No. 70, London.

Wintle, A.G., 1990. A review of current research on TL dating of loess,
Quat. Sci. Rev., 9, 385-397.

Xiao, J., An, Z., Kumai, H., Yoshikawa, S. & Porter, S.C, 1995. Grain

size of quartz as an indicator of winter monsoon strength on the
Loess Plateau of central China during the last 130,000 years, Quat.

, Res., 43, 22-29.
, Zhang, X., Arimoto, R., An, Z., Chen, Т., Zhang, G., Zhu, G. &

Wang, X., 1993. Atmospheric trace elements over source regions for
Chinese dust: concentrations, sources and atmospheric deposition
on the Loess Plateau, Atmos. Env., 21 A, 2051-2067.

Zhang, X., An, Z., Chen, Т., Zhang, G., Arimoto, R. & Ray, B.J., 1994.

Late Quaternary records of the atmospheric input of eolian dust to
the centre of the Chinese Loess Plateau, Quat. Res., 41, 35-43.

Zheng, H.B., An., Z.S. & Shaw, J., 1992. New contributions to Chinese
Plio-Pleistocene magnetostratigraphy, Phys. Earth planet. Inter.,
fb, 146-153.

Zhou, W.,Aii., Z., Lin, В., Xiao, J., Zhang, J., Xie, J., Zhou, M., Porter,

S.C, Head, M.J. & Donahue, D.J., 1992. Chronology of the Baxie
loess profile and the history of monsoon climates in China between
17,000 and 6000 years BP, Radiocarbon, 34, 818-825.

Zhu, R.X, Zhou, L.P., Laj, C, Mazaud, A. & Ding, Z.L., 1994. The

Blake geomagnetic polarity episode recorded in Chinese loess.
Geophys. Res. Lett, 21(8), 697-700.

1995 RAS, GJI 123, 611-622


