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Abstract Study on two loess sections, one located at Wu-
wei near the Tengger Desert in northwestern China, another
located near Ganzi at the southeast margin of the Tibetan
Plateau in southwest China, reveals a coeval drying step oc-
curred at ~250 kaBP. It is expressed by the increase in eolian
grain-size at Wuwei, and by a drastic extension of C4 plants
and a decrease of loess chemical weathering intensity at
Ganzi. Examination of the available eolian data indicates
that the event has also been clearly documented in the loess
sections near the deserts in northern China, and in the eolian
records from the North Pacific. On the contrary, the signal is
rather weak for the central and southern Loess Plateau re-
gions as well as for Central Asia, where the climates are in-
fluenced by the southeast Asian monsoon and the westerlies,
respectively. Since the climate at Ganzi is under strong con-
trol of the southwest Asian monsoon, we interpret this drying
step as a result of decreased influence of the southwest sum-
mer monsoon. This decrease in monsoon moisture is attrib-
utable to the uplift of the Hengduan Mountains, the south-
east margin of the Tibetan Plateau at ~ 250 ka ago.

Keywords: aridification, loess-paleosol sequences, organic carbon
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Since the late 1980s, tectonic events in East Asia,
especially the uplift of the Tibetan Plateau, have been in-
voked as driving forces behind the global and Asian envi-
ronmental changes at over-orbital timescales [1, 2]. Aridifi-
cation in the interior of Asia is regarded as one of the
markers of global environment deterioration in the Ceno-
zoic era[2]. Uplift influences climates through several
mechanisms[3�5], including the barrier effect to moisture
and the reorganizations of atmospheric and ocean circula-
tions, such that the consequent climate expression varies
in different regions. Understanding of the tectonic impacts
on climate changes, therefore, requires a good temporal
and spatial coverage of climate records.

Loess is a geological record that bears information

on climate changes of both dust source and depositional
regions and is also a tracer of the atmospheric circulations.
Earlier studies[6�10] on the eolian deposits have provided a
fare picture about the long-term evolution of the Asian
aridification history. However, most of these sites are
from the Loess Plateau region in northern China. In recent
years, loess-soil sequences[11�13] back to the middle Pleis-
tocene have been reported from the surrounding areas of
the Tibetan Plateau, which provide the possibilities to
examine the impacts of uplift on climate changes in more
detail.

In this study, two loess-soil sequences from the mar-
ginal areas of the Tibetan Plateau are comparatively stud-
ied. The objective is to address the long-term environ-
mental histories in the two areas over the past 600 ka, and
to interpret the relationship between the changes of at-
mosphere circulations and uplift of the Tibetan Plateau.

1 Materials and methods

The Huangyangzhen section (37°34�N, 102°49�E) is
located in the Wuwei region, Gansu Province, between the
northeastern margin of the Tibetan Plateau and south-
western margin of the Tengger Desert (fig. 1), with an
altitude of 2100 m a.s.l. The location is well suited for
addressing the relationships between the evolution of the
Tengger Desert and the Tibetan uplift. The Ganzi section
(31°38�N, 99°59�E, 3480 m a.s.l) situates on the sixth
terrace (T6) of the Yalong Rive in Sichuan Province (fig.
1), at the southeastern margin of Tibetan Plateau. This
region is within the pathway of the southwest monsoon
moisture into China mainland, and is therefore a good
record of the monsoon influence. The modern mean an-
nual temperature (MAT) and precipitation (MAP) are
7.9� and 105 mm at Wuwei, 5.7�and 637 mm at Ganzi,
respectively. Both sections were dated by geomagnetic
methods and were described in detail[11, 13].

Grain-size parameters and chemical weathering in-
tensity of the loess-soil sequences are widely used as
proxies of paleoclimate[14,15]. In this study, the grain-size
of 424 samples from Huangyangzhen was analyzed using
the precipitation method following the Stokes Law. Sam-
ples were taken at 10 cm intervals from the upper 32 m
depth, and at 25 cm intervals for the lower 26 m depth.
The contents of free Fe2O3 (FeT) and total Fe2O3 (FeD) of
120 samples at 10 cm intervals from Ganzi were analyzed
to address the chemical weathering intensity[15] of loess.
FeD was extracted using the CBD method and FeT was
analyzed on completely acid-dissolved samples, both were
measured on a WFD-Y2 atomic absorption unit. To ad-
dress the vegetation evolution in the Ganzi region, the
organic carbon isotope composition of 19 loess-paleosol
samples at 0.5�1 m intervals were analyzed. Powdered
samples were acidified using 1 mol/L HCl, dried at 60�
and combusted in the presence of excess cupric oxide. The
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Fig. 1. Map showing the locations of the studied sites, the Loess Plateau, Tibetan Plateau, the deserts, and the related atmospheric cir-
culation components. 1, Panshan; 2, Jingbian; 3, Huangyangzhen; 4, Jingchuan; 5, Lingtai; 6, Luochuan; 7, Sanmenxia; 8, Ganzi.

obtained CO2 was cryogenically purified and isotope
composition was determined on a Finnigan MAT-251
mass spectrometer using a dual-inlet assembly. Isotopic
data of the samples were highly reproducible with a preci-
sion of about ±0.2‰, and are expressed in delta notation
relative to the standard Pee Dee Belemnite (PDB).

2 Results and discussions

Although eolian grain-size in terrestrial[14] and ma-
rine[16] records is usually used as a proxy of wind strength,
this interpretation in the studies of the loess-soil se-
quences in China is being increasingly discussed. Since
the Loess Plateau is located to the south of the deserts,
loess gain-size is not only influenced by wind strength,
but is also dependent on the distance from the source re-
gion to the depositional sites. It thus resultes from a mixed
effect of the wind strength and oscillations of the desert
margins. Since the eolian fraction > 63 µm is unlikely to
be transported in suspension for long distance[17], the con-
tent of this fraction in the northern Loess Plateau is
thought to be more reflective to the changes of the desert
extent[18,19]. On the contrary, for farther loess sites from
the deserts, such as the central and southern Loess Plateau
regions, grain-size bears more information on the wind
strength�the median grain size (Md) and the particle
fraction >30 µm are thought to be good proxies of the
intensity of the Asian winter monsoon[14, 20], the main dust
carrier for the Loess Plateau in China.

A lithostratigraphic scheme, variations of the median

grain size and the weight percentage of the > 63 µm frac-
tion of the Huangyangzhen section are shown in fig. 2. Data
for all the samples are plotted in fig. 2(a) and (b) while data
in fig. 2(c) and (d) are based on samples at 20 cm intervals
for the upper 32 m portion, and those at 25 cm intervals for
the lower 26 m portion. Although sample resolution is dif-
ferent for the upper and lower section, it has not caused any
difference for addressing the basic pattern at orbital time-
scales, as is confirmed by fig. 2(a)�(d). Grain-size is
coarser in glacial loess than in the interglacial soils, as is
similar to the sequences in the Loess Plateau region. A star-
tling feature is that the median grain-size and the content of
the >63 µm fraction are much higher in the upper section
than in the lower section (fig. 2). The boundary corresponds
to the loess unit L3, at ~ 250 kaBP. It is evident that the
Huangyangzhen section has documented an important cli-
mate event occurring at that time.

This climate event has also been documented in the
grain-size records from the Jingbian section[18] near the
southern margin of Mu Us Desert (figs. 1 and 3), and from
the Panshan section[21] near the Hunshandake Desert. A
significant increase in loess accumulation rate at the same
time was also reported from the Xietongmeng section[22]

in Xizang (Tibet). However, the event has not any signifi-
cant expression in the grain-size data from the central and
southern Loess Plateau, such as the Luochuan[23], Ling-
tai[24], Jingchuan[25], and Sanmenxia[26] sections. Careful
examination on the geographical extent of this events re-
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Fig. 2. Lithostratigraphy and grain-size variations of the Huangyangzhen loess section ((a)~(d)), and organic carbon isotope composi-
tion and FeD/FeT of the Ganzi section ((e)�(f)).

veals that the signals are clear in the loess records close to
the deserts while they are rather weak in the farer loess
records from the deserts. In the North Pacific, where dust
was transported by the westerlies instead of the winter
monsoon, a simultaneous increase in eolian mass
accumulation rate occurred[27], from ~200 to ~400
mg�cm−2

�ka−1.
It is therefore clear that the grain-size increase ob-

served in the Huangyangzhen section is attributable to an
extension of the Tengger Desert at ~ 250 kaBP, and that
this aridification event was a common feature for the dry-
lands in northern China. The available data also suggest
that this climate event was not associated with a signifi-
cant increase in the strength of the Asian winter monsoon
because it has not clear counterpart in the grain-size data
from the central and southern Loess Plateau.

Several atmospheric circulation components may
influence the moisture in the drylands in northern China.
These include the southwest summer monsoon, the
southeast summer monsoon and the Northern Hemisphere
westerlies[28]. Global ice-volume has strong influence on
the intensity of the Siberian High Pressure Cell, and may
also enhance the continental aridity in Asia and the
strength of the Asian winter monsoon[29]. However, ma-
rine oxygen isotope records[30], an indication of the global
ice-volume have not shown any significant changes at ~
250 kaBP, indicating that the dry event was not causally
linked to the ice-volume variations. This also explains
why the strength of the winter monsoon has not experi-
enced any shifts at that time. The moisture in Central Asia
and in the Kunlun Mountains region in China is mainly

under the control of the westerlies[12, 31] instead of the
monsoons. The lack of the signals in the grain-size record
in the Tajikistan Chashmanigar[32] loess section in central
Asia, and in the Baixi loess section[12] in the north of the
Kunlun Mountains indicates that the drying event is not
attributable to the changes in the westerly moisture. In the
central and southern Loess Plateau, the climate is strongly
influenced by the southeast summer monsoon[33]. Al-
though the southwest summer monsoon has also some
impacts, the influence is much weaker compared with that
of the southeast monsoon[33]. Non-significant changes are
observed in the loess weathering records[15] from Xifeng
and Changwu in the central Loess Plateau, suggesting that
the dying event at ~250 kaBP was not caused by the
changes in the strength of the southeast summer monsoon.
This is also supported by the magnetic susceptibility data
from the Loess Plateau[23�26]. We conclude, therefore, that
the changes in the southwest summer monsoon is poten-
tially a factor leading to the drying event at ~ 250 kaBP.

The carbon isotope composition of organic matter
(δ 13C) and variations of the paleo-weathering intensity of
the Ganzi loess-soil sequence from the typical southwest
monsoon zone are shown in fig. 2(e)�(f). The δ13C values
average to about −24‰ for the older portion, and then
sharply increase to about −18‰ at ~ 250 kaBP in the
younger sequence, indicating an extension of the C4 plants.
According to the equation of Dzurec[34] that estimates the
biomass percent of C3 and C4 plants using soil organic δ
13C values, this shift in isotope values represents a decrease
in C3 biomass from ~79% to ~36% in the Garz� region.
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Fig. 3. Lithostratigraphy, grain-size, mass magnetic susceptibility, organic carbon isotope, and FeD/FeT in Panshan[21] (a), Jingbian[18]

(b), Huangyangzhen (c), Ganzi (d), V21-146 in North Pacific[27] (e), Jingchuan[25] (f), Lingtai[24] (g), Luochuan[23] (h), Sanmenxia[26] (i),
and Chashmaniger[32] (j) sections.
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It is generally considered that the growth of C4
plants is more adoptive to the conditions of higher tem-
perature, increased aridity, lower atmospheric CO2 con-
centration, and more sunlight[35]. The increase in C4 bio-
mass is unlikely to be explained by a simple elevation
effect of the mountain uplift at Ganzi as a decrease in
temperature is not favorable to the growing of C4 plants.
It is neither likely to be attributed to changes in the CO2

concentration of the atmosphere because non-significant
changes was recorded for ~ 250 kaBP in the Vosotok CO2

record[36]. Since the analyzed samples were all taken from
the same section, which is located in an open area, the
sunlight conditions would not have experienced signifi-
cant changes. Consequently, we conclude that the shift
from a C3-dominant ecosystem to a C4-dominant ecosys-
tem in the Ganzi region at ~ 250 kaBP was linked with a
significant moisture decrease. This interpretation is
strongly supported by the simultaneous decrease in the
paleo-weathering intensity (FeD/FeT) in the same section,
from ~55% to ~35%. Because Ganzi is located within the
typical southwest monsoon zone, this sharp decrease in
rainfall is attributable to a weaker influence of the south-
west summer monsoon since ~ 250 kaBP.

According to the marine record of the southwest
summer monsoon[37], the strength of the monsoon itself
did not experience any obvious weakening at ~250 kaBP.
Consequently, the only factor able to cause the decreased
monsoon rainfall in the studied region is the uplift of the
Henduan Mountains, i.e. the southeast margin of the Ti-
betan Plateau. Available data[38] indicated that the moun-
tains in this region have experienced intense uplift since
~700�500 kaBP with an estimated elevation increase of
~ 800 m, and that a ~ 400 m uplift occurred since ~ 300
kaBP[39]. Significant tectonic deformation posterior to 400
kaBP was also reported[40] in nearby regions of the studied
site. A pollen record from the south-central Tibetan Pla-
teau suggested that the Plateau would have experienced a
significant uplift around 300 kaBP[41]. Tectonic induced
river terrace formed at ~ 250 kaBP was also reported in
the Qilian Mountains at the northeast margin of the Ti-
betan Plateau[42]. These lines of evidence about a late
Middle Pleistocene uplift of the east margin of the Tibetan
Plateau provide an explanation for the drying event at ~
250 kaBP: the changes in elevation of the Hengduan
Mountains at ~ 250 kaBP would have significantly in-
crease the barrier effect of the mountains to the moisture
from Indian Ocean entering China mainland, leading to an
aridification event in the related regions.

Although the drylands in northeastern China is more
strongly influenced by the southeast summer monsoon, a
role of the southwest monsoon on the moisture of the re-
gion is also demonstrated by climatologic observations[28, 33].
Consequently, the aridification event at ~250 kaBP ob-
served from the Panshan loess section[21] near the Hun-
shandake Desert is also explainable by the decreased in-

fluence of the southwest monsoon. The reason why this
event is not clearly documented in the central Loess Pla-
teau needs further studies. According to the available data,
we speculate that the strong influence of the southeast
summer monsoon in the southern and central Loess Pla-
teau would have significantly reduced the sensitivity of
the region to the changes of the southwest monsoon
moisture so that the event was not clearly documented in
some of the climate proxies. On the contrary, the deserts
in the north of the Plateau would be much more sensitive
to moisture changes, such that a relatively small changes
in rainfall may lead to significant changes of the land sur-
face conditions.

Another interesting feature revealed in this study is
that the drylands in northern China have more strongly
responded to the influence of the southwest monsoon in
the glacial periods than in the interglacial periods (fig. 3).
This may be explained again by the strong influence of
the southeast monsoon during the interglacial periods. On
the contrary, during glacial periods, sea-level drops would
have led to large-scale emerged continental shelves which
increased the distance from the continent to the ocean by
more than one thousands kilometers[43]. Consequently, the
influence of the southeast monsoon to the China continent
would be much weaker during glacial periods and the ef-
fects of the southwest monsoon would be more accentu-
ated.

3 Conclusion

Based on sedimentological and geochemical analy-
ses on two loess sections at the marginal regions of the
Tibetan Plateau, one from northwest China and another
from southwest China, this study reveals a coeval drying
step in both regions occurred at ~ 250 kaBP. Spatial ex-
amination on the available data indicates that this event
has common expressions in the loess sections near the
deserts in northern China, and is also documented in the
eolian record from North Pacific[27]. This late Middle
Pleistocene aridification event can neither be explained by
the changes in the southeast summer monsoon nor the
variations of the Westerly moisture. The ecological
changes and the decrease in pedogenic intensity in the
Ganzi section indicate that this drying step resulted from a
weakened influence of the southwest summer monsoon to
the China inlands, associated with an intense uplift of the
Hengduan Mountains, the southeast margin of the Tibetan
Plateau.
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