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Abstract In this study, total Fe2O3 content (Fet) in two
parallel sections from the central Loess Plateau (Xifeng and
Changwu) is analyzed to address the variations of eolian iron
in the past 900 ka. The obtained timeseries indicate that Fet
values in some glacial intervals are comparable to that of
interglacial periods and its oscillations do not generally cor-
respond to the long-term glacial-interglacial changes. Rather,
it exhibits higher frequency fluctuations without detectable
100 ka period, but with a strong 20 ka period and a clear 40
ka period. The combination of 20 ka and 40 ka periods sug-
gest that eolian iron content was relatively independent of
glacial-interglacial changes, but more strongly influenced by
the insolation changes in the northern hemisphere. Higher
iron content was observed for the S5-1 soil that is correlative
to marine     δδδδ 18O stage 13. In marine records, this stage is
characterized by higher δδδδ 13C values, suggesting that the
event is of global significance.
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During the Quaternary, thick loess has been depos-
ited at the middle reaches of the Yellow River in northern
China within an area referred to as Loess Plateau[1]. Com-
plete loess-soil sequences of the last 2.6 Ma are mostly
more than 150 m in thickness, which are generally con-
sidered a near continuous paleoclimate record, containing
more than fifty soil-forming intervals intercalated with
dust deposition intervals[2]. Major interglacial soils and
glacial loess units of the last 900 ka are labeled S0, L1, S1,
L2, S2, �, S8, L9 from the top to the bottom (Figs. 1 and
2) according to the Luochuan type section[1]. Eolian dust
deposition and pedogenesis are, indeed, competing proc-
esses at all time, and the presence of a paleosol simply
indicates that the latter process was predominant[3,4].
Stratigraphy of the loess-soil sequence is well correlative
with that of the marine δ 18O record[1]. The correlation
pattern for the last 900 ka has now been commonly ac-
cepted[1,5] and that for the last 500 ka was also confirmed
by an eolian record in the North Pacific[6], a direct link

between the China loess and marine δ 18O stratigraphy.
Eolian iron is thought to have significant effect on

the ocean phytoplankton productivity, and thus may have
played an important role in modulating global climates
through influencing the CO2 uptake of the ocean[7]. Eolian
dust deposited in the Loess Plateau region is mainly
originated from the desert lands in the Asian inland[1,3].
Meanwhile, a significant proportion from the same
sources was transported by the westerly winds and depos-
ited into the North Pacific region[6]. The temporal features
of eolian iron as recorded in the loess-soil sequences in
China would be helpful to understanding the eolian iron
changes in the Pacific region.

This paper attempts to analyze the variations of
eolian iron content in the past 900 ka based on two loess
sections, one from Xifeng and another from Changwu, to
investigate the spectral features of eolian iron changes,
and to interpret the potential factors that influence eolian
iron changes.

1 Materials and methods

The two studied Xifeng and Changwu loess sections
are located at the central Loess Plateau, and thus may be
more representative for characterizing the general situa-
tion of Quaternary loess deposits in northern China. Their
stratigraphy correlates well with the other type loess sec-
tions[8], such as Luochuan[1]. Magnetic susceptibility has
been proven particularly useful for characterizing the
stratigraphic boundaries of the loess-soil sequences in
China[1,5] and the values are higher in soils than in the
surrounding loess. In this study, 852 samples from Xifeng
and 846 samples from Changwu were taken at 10 cm in-
tervals. Susceptibility was measured on dry samples using
a Bartington susceptibility meter. The timescales are ob-
tained by correlation with the susceptibility curve of
Kukla et al.[8] from the same site after a revision using the
new paleomagnetic chronology. The last is dated by a
magnetic susceptibility model[8] using the magnetic re-
versal boundaries as age controls. Although this model is
based on some assumptions still contentious in part[9�11],
the yielded results are generally consistent with those ob-
tained by land-sea correlation[5,6], and thereby remains a
working model for obtaining an independent timescale.

Total iron content of all samples taken from Xifeng
and Changwu was analyzed and expressed as Fe2O3

weight percentage (Fet). The samples were dissolved by
acid dissolving methods and the iron content was meas-
ured using a WFD-Y2 atomic adsorption unit with an
analytical precision of 0.4%. The content of CaCO3, gen-
erally more or less translocated due to the pedogenesis,
was gasvolumetrically measured on the same samples for
rectified its dilution effect on iron concentration. The rec-
tified values therefore represent those of the
non-calcareous material. Microscopic thin sections of
undisturbed soil and loess samples were fabricated to
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evaluate the possibility of iron translocation during the
formation of the soils. Spectral analyses of the magnetic
susceptibility and Fetr time series were performed using
the Maximum Entropy method.
2 Results and discussions

Figs. 1 and 2 show the variations of total Fe2O3 (Fet)

in the two studied sections. They are compared with the
magnetic susceptibility curves as a marker of stratigraphy
(Figs. 1 and 2). As the formation of paleosols in the stud-
ied sections is characterized by significant dissolution and
re-precipitation of CaCO3, which affects the relative con-
centration of iron oxides-hydroxides, Fet values rectified

Fig. 1. Variations of magnetic susceptibility (Msus), total iron content (Fet), total iron content rectified using CaCO3 content (Fetr),
and CaCO3 content in the Xifeng loess section.

Fig. 2. Variations of magnetic susceptibility (Msus), total iron content (Fet), total iron content rectified using CaCO3 content (Fetr),
and CaCO3 content in the Changwu loess section.
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with the CaCO3 content (Fetr) are given in Figs. 1 and 2.
Microscopic observations revealed only a small

amount of clay coatings in the paleosols S1, S4, S5-1 and
S5-3, the most strongly developed soils at the studied sites,
and clay coating is absent in the other paleosols. Signifi-
cant iron translocation related to clay illuviation process
can therefore be basically ruled out. The lack of Fe-Mn
hydromorphic features also precludes the possibility of
significant iron redistribution in soluble state and ex-
change with the overlying and underlying loess. The Fetr
values in the studied sections thereby mainly reflect the
iron contents of eolian dust.

Variations of magnetic susceptibility in the sections
clearly show the stratigraphy (Figs. 1 and 2). CaCO3 con-
tent is much lower in soil units than in loess, indicating
strong decalcification of the soils. The non-rectified Fet
values are generally higher in soils than in loess, showing
a higher consistency with magnetic susceptibility than for
the rectified values (Fetr). This is attributable to the dilu-
tion effect of CaCO3, higher in loess than in soil units.

Since soluble salts other than CaCO3 in the central Loess
Plateau are in a negligible amount, their effects to the iron
content can be basically ruled out.

Figs. 1 and 2 show that Fetr did change through time.
Its fluctuations do not generally correspond to the changes
of magnetic susceptibility; rather they exhibit much
higher frequency oscillations. Its values in some parts of
the loess units are similar to those in soil units. Higher
values are observed for S5-1 soil, which correspond to
marine δ 18O stages 13 [1,5]. This soil represents a period of
warm extreme of the last 2.6 Ma[12]. In marine records,
this interval is characterized by higher δ 13C values[13],
suggesting that it is of global significance.

In order to determine the temporal features of eolian
iron fluctuations, spectral analyses were performed on
both magnetic susceptibility and Fetr, using Maximum
Entropy method[14] (Fig. 3). Magnetic susceptibility is
usually used as a proxy of the East-Asian summer mon-
soon[3], and therefore reflects climate changes in the Loess
Plateau region. Magnetic susceptibility correlates well

Fig. 3. Maximum Entropy spectral analyses of magnetic susceptibility (Msus) and eolian iron (Fetr) time series. Continuous line represents the spectral
density and dotted line represents the 95% confidence limit.
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with the marine δ 18O record, an indicator of global
ice-volume[15].

Spectral analyses on the Xifeng magnetic suscepti-
bility timeseries revealed three discrete periods, centered
respectively at 114, 39 and 24 ka with the spectral density
well over the 95% confidence limit. The spectrum for
magnetic susceptibility of Changwu is characterized by
four periods at 107, 40, 25 and 18 ka, with the spectral
density over the 95% confidence limit. Within the accu-
racy of the used timescales, which are independent of any
land-sea correlation or orbital tuning, the 114 ka and 107
ka periods are correlative with the 100 ka period of the
orbital eccentricity [16] while the periods of 39�40, 24�
25 and 18 ka are consistent with the 40 ka period of the
obliquity, the 23 ka and 19 ka periods of the precession,
respectively.

The spectra calculated for Fetr of the two sections are
quite different from those of magnetic susceptibility. The
Xifeng Fetr timeseries is characterized by clear 59, 41, 31
and 23 ka periods, with the spectral densities of the 41
and 23 ka peaks over the 95% confidence limit. The
Changwu Fetr spectrum shows five peaks at 160, 59, 38,
22 and 18ka. The spectral densities for the 59, 22 and 18
ka peaks are well over the 95% confidence limit (Fig. 3).
A remarkable feature is that the eccentricity period, cen-
tered at 100 ka[16], is undetectable in the Fetr spectra for
both sections.

The 114, 107, 39�40, 24�25 and 18 ka periods in
the spectra of magnetic susceptibility indicate strong or-
bital control on loess deposition and soil formation in
northern China over the past 900 ka, as was reported in
earlier studies[17]. Because of the negligible effect of the
eccentricity in modulating the solar insolation budget[16],
the ~100 ka period in geological records is usually inter-
preted as the signal of global ice-volume variations[18].
The strong 114 and 107 ka periods of the magnetic time-
series indicates a strong impact of glacial-interglacial cy-
cles on Asian climate.

The 160 ka period in the Changwu Fetr record is not
readily explainable by the astronomical theory. Besides
this peak, the spectrum of the Fetr record from Changwu is
indeed similar to that from Xifeng. The period at 59 ka
has also been reported in a record of paleomagnetic varia-
tions[19]. This peak is of particular interest, as it has been
predicted in a calculated orbital solution[20], resulting from
a combined effect of obliquity and precession[20]. The
rough 40 and 20 ka periods are attributable to the periods
of obliquity and precession, respectively. The most inter-
esting result of this study is the lack of ~100 ka period in
the Fetr timeseries, indicating a relative dynamic
independence between the eolian iron content and the
global ice-volume variations as are reflected by marine
δ 18O records [15]. Rather, the strong 23 ka period and a
clear 40 ka period recorded in the Fetr timeseries would
suggest a strong control of solar insolation, and the strong

23 ka period trends to suggest an insolation-forced factor
of low latitude origin.

The mechanisms through which eolian iron content
is more strongly influenced by insolation, but is relatively
independent of global ice-volume variations are not yet
clear, and need additional studies. These features may be
helpful to further understanding the processes relative to
eolian deflation, transportation and deposition. In view of
the strong ~20 ka period that suggests an insolation-forced
factor of low latitude origin, the strength of the summer
monsoon could be one of the potential factors influencing
the eolian iron content. Two possibilities might be in-
voked to explain the possible effects of the summer mon-
soon on eolian iron. Firstly, higher low-latitude insolation
values may lead to stronger monsoon circulation[22], of
which the front would penetrate more deeply into the de-
sert lands in northern China. Consequently, dust sources
would be significantly changed following the oscillations
of the monsoon front, which may lead to dust composition
changes. Secondly, changes of the monsoon front may
lead to changes in the distance between the dust sources
and the deposition site. This may also lead to changes in
eolian grain-size, and consequently to dust composition
changes, because chemical composition of loess varies in
different grain-size fraction[23]. If these were the cases,
Fetr in the loess-soil sequences would bear some signals
of the strength of the summer monsoon.

3 Conclusions

Our study yields a high-resolution record of eolian
iron changes in the past 900 ka based on two parallel
loess-soil sequences in the Loess Plateau region. The re-
sults show that eolian iron content is not in good agree-
ment with the long-term glacial-interglacial oscillations.
Rather, it exhibits much higher frequency fluctuations
dominated by a strong ~23 ka and clear 41 ka orbital pe-
riods while the ~100 ka glacial-interglacial period is un-
detectable. These would suggest that eolian iron content
was strongly forced by insolation changes in the Northern
Hemisphere. The strength of the summer monsoon that is
strongly forced by insolation is one of the potential factors
influencing the eolian iron content.

Since eolian iron is thought to have significant effect
on the ocean phytoplankton productivity[7], the results
would also provide a basis for further understanding its
possible effects. Higher iron contents were observed for
the S5-1 soil corresponding to marine δ 

18O stage 13. This
interval is characterized in marine records by higher δ13C
values, suggesting a global significance of the climate
event.
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