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Abstract Research on the geological data of Hunshan-
dake Desert in China monsoon region revealed that Holocene
summer monsoon had experienced six prevailing periods and
seven weakening periods. The climatic humidity and the
vegetation had also undergone the similar periodical varia-
tion influenced by the monsoon periodicity. The period when
summer monsoon prevailed or winter monsoon weakened
and climatic humidity and vegetation coverage relatively
increased, corresponded to the global warming events;
whereas the period when summer monsoon weakened or
winter monsoon prevailed and climatic humidity and vegeta-
tion coverage relatively decreased, corresponded to the arid
eventsin middle to low latitudes and the cold eventsin North
Atlantic. As for the changing regularity of summer monsoon
intensity there were two distinct periodicities of 1456 years
and 494 years, also these two periodicities had global signifi-
cance.
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Researchers all over the world attach importance to
the study on the climatic and environmental changes in
geological and historical time especially change in Holo-
cene=>.. Further, the study on climate and paleoenviron-
ment of millenary-level and century-level in Holocene is
the hotspot in global climatic change research'®=., Recent
research results show that the global climatic change in
Holocene had obvious periodicity™), and there is no ex-
ception in China®*?!, Whereas less issues on Holocene
climatic change research at millenary-level and cen-
tury-level were based on desert data, and desert is one of
the important landscapes sensitive to climatic change, so
the authors of this thesis hope to established the Holocene
millenary-level climatic change processes according to the
geological data of Hunshandake Desert, and to provide
plentiful evidences for deeply studying the climate change
history of China monsoon region. The Hunshandake De-
sert situates in the eastern part of Inner Mongolia (Fig.1),
bestriding the semi-humid, semi-arid and arid climatic
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zones. The results of the former researches on the climatic
and environmental changes of the desert"®~"% can provide
scientific train of thought for the authors to completely
understand the Holocene climate and environment, but
these researches possibly dealt with short time-span or
lacked continuity of strata sequence. For solving these
problems the authors have located an uninterrupted and
whole stratigraphic profile, the Xilinhot profile, as the
typical record of Holocene, based on the entire survey of
the Hunshandake Desert.

1 Sratigraphic sequence and chronology

The Xilinhot profile is located in the south 7 km to
Xilinhot City of Inner Mongolia, at about 43 <52'36.6"N,
116<5'34.1"E on geographic grid (Fig. 1). The landforms
of this area are gently undulating hills covered with sand
sheet. The Xilinhot profile is exposed in a W-E directional
gully at about 3—4 m depth, has the thickness of 2.75 m,
which are composed of six aeolian sand layers overlap-
ping six sandy paleosol layers, only the top aeolian sand
has been eroded. Samples were sampled out in every 5 cm
in the profile. Among the collected 56 blocks of samples
there were nine blocks for age dating, among which seven
from organic carbon paleosols are for '*C dating, two from
aeolian sand layers for TL dating. The "*C Age Dating
Laboratory of Resource and Environment School in Lan-
zhou University has measured the nine and the Guang-
zhou Geo-chemistry Institute of Chinese Academy of
Sciences has measured the two.

Showed in the measured chronological timescale
(Table 1), the two TL data at bottom of the profile are
94602900 and 107002920 aBP respectively. In field
survey a thaw fold layer was found in a stratigraphic pro-
file at 200 m eastward from the Xilinhot profile. Viewed
from stratigraphic correlation the thaw fold layer likely
correlated to the Younger Dryers event. The thaw fold
layer paralleled the stratum below the bottom aeolian sand
layer in the Xilinhot profile. Combining this correlation
with the TL dating of the bottom aeolian sand, it can be
confirmed that the stratum below the bottom aeolian sand
layer in the Xilinhot profile was formed in Holocene.
Therefore, it is absolutely credible that the deposited era
of the aeolian sand at 275 cm depth in the Xilinhot profile
was a little later than the Younger Dryers event. In order
to make the '“C dating ages comparable with the other
Holocene research results in existence, these measured
ages have been converted to calendar ages by using the
Oxcal'*C calibrating program provided by Stuiver et al
(Table 1). According to the calendar ages the depositional
eras of stratigraphic sequence have been calculated
through making use of both the interpolation method
based on depositional rate and the Kukla method"! based
on magnetic susceptibility (Fig. 2). Comparison results of
these two methods showed that the interpolation method
had larger error of calculated ages resulting from distinct
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differences of depositional rate between paleosol and ae-
olian sand, whereas the Kukla method has taken these into
consideration, so the calculated ages are relatively credible,
and this method has been proved to be very successful for
studying the Chinese Loess Plateau.

Table 1 Measured stratigraphic ages and the calibrated results
Depth Measured C:gl;t;r/z;eld Measured ag;l/lg? t;éip
Jem ages/aBP aBP (10) Depth/cm  ages/aBP (10)
data error data error data error data error
10 507 60 530 30 200 5332 74 6095 105

48 1154 65 1070 100 223 6903 75 7740 80
98 3003 46 3205 65 250 9460 900 TL
133 4120 51 4595 65 275 10700 920 TL
163 4826 85 5560 100

2 Experimental analysisand results

The contents tested in laboratory comprised mag-
netic susceptibility, chemical elements, organic matter and
granularity; these analyses were conducted by the Desert
and Desertification Laboratory of Cold and Arid Regions
Environmental and Engineering Institute, Chinese Acad-
emy of Sciences. Samples for magnetic susceptibility
mensuration were firstly weighed by electronic balance of
Denver Instrument XS-120(1/1000) type, secondly meas-
ured by Bartington magnetism instrument for 12 dupli-
cates, and the result was the average. Samples for chemi-
cal element analysis need to be air-dried and ground into
powder smaller than 74 um before measuring their con-
tents with the fluorescence spectrometer of 3070E-X type
(its measuring error is within 5%), then to calculate the
humid index according to the measured data. The organic
matter content was measured with routine potassium di-
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Location of the Xilinhot profile in Hunshandake Desert.

chromate-sulfating titrimetric method, its error is within
0.2%. A kind of laser granulometer made by Britain Mal-
vern Corporation was used to measure the grain compo-
nents, and its error is within 3%.
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Fig. 2. Calculated stratigraphic era of Hunshandake Desert.

The experimental results are shown in Fig. 3, detect-
ing that the magnetic susceptibility values of the typical
Xilinhot profile range between 1.03><107* and 9.58>=< 107
SI/g , the average is 3.98><107* SI/g. Comparatively, the
magnetic susceptibility values of paleosol are higher,
ranging between 2.16>< 107" and 9.58><107* SI/g, averag-
ing 4.64>107* SI/g, the standard deviation is 1.76><107"
S1/g; the magnetic susceptibility values of aeolian sand are
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lower, ranging between 1.03><107* and 4.06><107* SI/g,
averaging 2.8><107* SI/g, the standard is 0.86><107* SI/g.
Besides, it can also be known that the organic matter con-
tents in the profile are in range of 0.5—10.7 pg/g, with
average of 4.64 ug/g and standard deviation of 2.47 pg/g.
For details, the content in paleosol is higher than that in
aeolian sand, their range, average and standard deviation
are 1.8—10.7, 5.33, 2.73 and 0.5—4.6, 2.76, and 1.15
ug/g respectively. Humidity index in the profile varied
between 0.81—1.45, with the average 1.17, the standard
deviation 0.15. Although there is small variation extent of
humidity index in profile, there still exists differentiation;
generally higher value occurred in paleosol but lower
value in aeolian sand, and their range, average and stan-
dard deviation are 0.81—1.37, 1.2, 0.18 and 0.86—1.24,
1.24, 0.1 respectively. The variation extent of average
granularity in the profile is large, with ranges of 26—280
um, the average 77.45 um and standard deviation 50.67
wm; being comparatively large in aeolian sand, the above
three values are 51—280, 111.9 and 62.72 um in turn,
which are smaller in paleosol, the three values are 26—
129, 58.31 and 29.06 um respectively.

Magnetic susceptibility is an ideal proxy reflecting
climatic changes™®. Former research results showed that
eluviation played an important role in the increase of
magnetic susceptibility value in strata resulting from the
enrichment of magnetic minerals; the high the climatic
humidity and the long the duration, the more the fine
ferromagnetism minerals and the high the susceptibility
values. Therefore, magnetic susceptibility is not only an
index reflecting pedogenetic degree but also an index in-
dicating summer monsoon intensity"*"!, Showed by the
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Curves of climatic proxies changing along with time.

measured results of stratigraphic magnetic susceptibility
in Hunshandake Desert, there existed a process of wavely
increasing converted to wavely decreasing at about 6 kaBP,
suggesting that the summer monsoon gradually strength-
ened before 6 kaBP, then weakened down from then on.
For details, the whole process falls into several strong
phases and weak phases: () weak summer monsoon
phases, they are 10.7—9.6, 9—8.5, 6—5.7, 5.2—4.3,
3.8—34, 29—1.3 and 0.7—0.3 kaBP, during which
stratigraphic magnetic susceptibility was lower; (ii) strong
summer monsoon phases, they are 9.6—9, 8.5—6, 5.7—
5.2,4.3—3.8, 3.4—2.9 and 1.3—0.7 kaBP, during which
stratigraphic magnetic susceptibility was higher.

Humidity index is a proxy indicating climatic change
between arid and humid, and it is expressed by the ratio of
humid-indicating element content (Fe, Al, Mn, Cr, Co, Ni)
divided by arid-indicating element content (K, Na, Ca, Mg,
Sr, Ba)'®. In semi-humid and semi-arid regions the
arid-indicating elements are easily to be eluviated when
precipitation increasing, which results in the increase of
humidity index value; contrarily in arid period with less
precipitation the value of humidity index decreases due to
less arid-indicating elements washed off. So, humidity
index can be regarded as the indicator reflecting precipita-
tion change. The variation sequence of humidity index in
Xilinhot profile falls into six phases, among which phases
of 9—6, 3.8—1.8 and 1.3—0.7 kaBP showed larger hu-
midity indexes, reflecting humid climate; phases of 10.7—
9, 6—3.8, 1.8—1.3 kaBP and after 0.7 kaBP showed
smaller humidity indexes, indicating arid climate.

Organic matter content is regarded as the index indi-

cating vegetation coverage and biomass"—; the average
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granularity (Mz) of sediments is a proxy reflecting wind
grade®®!, The former can directly reflect the growth
status of ground surface vegetation; the later hints the vi-
cissitude of winter monsoon. The application of the above
two indexes on reestablishing past climatic events has
been successfully demonstrated by researches in refs.

17—21]. In Hunshandake Desert the organic matter en-
riched in paleosol and thinned in aeolian sand; its vertical
distribution in profile quite accorded with that of magnetic
susceptibility. The average granularity of sediments in the
strata showed an increasing trend from profile bottom to
top as a whole, indicating an intensifying trend of winter
monsoon. Nevertheless, there existed fluctuations: during
periods of 10.7—9.6, 6—5.7, 5.2—4.3,3.8—3.4,2.9—1.3
and 0.7—0.3 kaBP, the average granularity increased and
winter monsoon strengthened; during periods of 9.6—6,
5.7—5.2,43—3.8, 3.4—2.9, 1.3—0.7 kaBP and after 0.3
kaBP, the average granularity decreased and winter mon-
soon weakened.

3 Resultsand discussion

() General characteristics of Holocene climate
change. Suggested by the changing regularity of the
above proxies in Xilinhot profile in Hunshandake Desert,
the Holocene summer monsoon generally had undergone
processes from gradually boosting up to weakening down,
its turning point was at 6 kaBP, but actually the changing
processes fluctuated; the winter monsoon continuously
strengthened as a whole; change of ground vegetation was
similar to that of summer monsoon, so was the humidity
index except for a little differentiation. In light of charac-
teristics on summer monsoon or winter monsoon intensity
and variation of ground vegetation and climate humidity,
the climate changing processes in Hunshandake Desert
can be divided into four periods: (1) The early Holocene
period (10.7—9 kaBP). The summer monsoon intensity
and vegetation coverage all increased gradually, on the
other hand winter monsoon weakened. But the climate
humidity greatly decreased for some reason. Generally, it
was a period with weak summer monsoon, sparse vegeta-
tion and arid climate. (2) The Holocene Megathermal
Maximum (9—6 kaBP). A period of popularizing summer
monsoon, feeble winter monsoon, sparse vegetation and
arid climate. (3) The middle Holocene period (6—3.4
kaBP). Summer monsoon intensity, vegetation coverage
and climate humidity fluctuated frequently. Generally it
was an arid and cold climate period, during which both
summer monsoon and winter monsoon were weak, and
ground vegetation grew sparsely. (4) The late Holocene
period (since 3.4 kaBP). A period of summer monsoon
wavely weakened, winter monsoon gradually strengthened
and climate fluctuately aridified.

() Response of climatic change in Hunshandake
Desert to global change. The Holocene climatic change
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in Hunshandake Desert accorded with the global climatic
change.

During the early Holocene period, the global air
temperature began to go up, but the absolute temperature
value was relatively low. The aeolian sand deposition re-
cords in Hunshandake Desert indicated an arid-cold cli-
mate; humidity index analysis suggested that this period
was the aridest time in Holocene, but winter monsoon has
weakening trend, and summer monsoon gradually intensi-
fied and ground vegetation was in recovering situation.
The climatic change during the early Holocene period in
the Mu Us Desert was much similar to that in the study
region?2. At the same time the Indian monsoon intensi-
fied®, but the air temperature was relatively low, in
North Atlantic there appeared two ice-floating events at
10.3 and 9.5 kaBP™.

During the Holocene Megathermal Maximum, pa-
leosol developed in Hunshandake Desert region but at low
degree in prophase. The winter monsoon was always weak
whereas the summer monsoon was strong through the
period. Showed in Fig. 3, the summer monsoon-weaken-
ing phenomenon appeared at early 8.5 kaBP, which paral-
leled the 5th ice-floating event in North Atlantic. In this
period the climate was warm in Chinese Loess Plateau'),
and even in whole northern Chinam; the summer mon-
soon in southwest China was strong™®. In global scale, the
Indian summer monsoon boosted up to reach the maxi-
mum during 9.7—S5 kaBP in spite of several fluctuations
in the period®. Accordingly, the precipitation in Indian
Thar Desert increased, which resulted in the abrupt rise of
lake level in this region®.

Entering the middle Holocene period, the climate in
Hunshandake Desert suddenly became arid and fluctuated
frequently. There had accumulated three aeolian sand lay-
ers overlapping two paleosol layers, which reflected three
arid-climate events due to feeble summer monsoon, and
two relatively humid-climate events in stronger summer
monsoon. The climate changing processes were also sup-
ported by the variation sequence of magnetic susceptibil-
ity and organic matter content, only their values were low
through the profile. Besides, the humidity index was also
low. These evidences suggested that the climate had
arid-cold prone characteristics. Contemporarily, climatic
change in the Mu Us Desert had similar characteristics’®%,
arid event occurred all over the Inner Mongolia region®”;
the southwest monsoon weakened steadily®. Correla-
tively, the Indian monsoon weakened all of a sudden at
about 4.3 kaBP'*!l; consequently, the lakes in Thar Desert
rapidly shrank since 4200 BC, and entirely dried up till
3500 BC2®!. Two of the three arid-climate events in Hun-
shandake Desert respectively corresponded to the two
ice-floating events happening in North Atlantic at 5.9 and
4.3 kaBPY.

During the late Holocene period, the Hunshandake
Desert had developed three paleosol and two aeolian sand
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layers. Upwards in strata proxies as magnetic susceptibil-
ity, organic matter content and humidity all wavely de-
creased, only the average granularity increased fluctuately.
These indicated that the summer monsoon intensity
gradually weakened and winter monsoon became pre-
dominant, resulting in climate aridifying and the vegeta-
tion coverage became smaller and smaller. For details, (1)
during 3.4—1.8 kaBP both the summer monsoon intensity
and vegetation coverage were large, which were only
smaller than those in Holocene Megathermal Maximum,
and the humidity index was even higher than those. The
climate in this stage was warm and humid. In China re-
gion, paleosol broadly developed in hinterland areas dur-
ing this stage, such as in the sandlands in Qinghai Gonghe
Basin, in the Mu Us Desert and in the Loess Plateau®2;
in Gansu Minqin Basin there were other records of or-
ganic matter content increasing in lacustrine sediments of
2.8—2.1 kaBP period. These proofs suggested that sum-
mer monsoon almost dominated China territory and
brought about more precipitation™. At the same time the
Indian summer monsoon was also strong®.. (2) During
1.8—1.3 kaBP, the Hunshandake Desert strata teemed
with aeolian sand, the changing curves of climate proxies
showed that magnetic susceptibility, organic matter con-
tent and humidity displayed remarkable valley values, and
the average granularity reflecting winter monsoon became
the biggest in Holocene. Viewing from larger spatial
scales, cold events occurred in many regions of China
during 240—800 AD™¥, and even a cold climate event
during 1.8—1.4 kaBP had been recorded in the south deep
sea of the Iceland?®; besides, another ice-floating event
appeared in North Atlantic at 1.4 kaBP(Fig. 3). (3) Dur-
ing 1.3—0.7 kaBP, paleosol again developed in the strata
of Hunshandake Desert; curves of magnetic susceptibility,
organic matter content and humidity index showed peaks,
but the absolute values of susceptibility and humidity in-
dex all approximated the average of Holocene expect for
granularity surpassing the average of Holocene. It was
deduced that in this stage winter monsoon intensified,
summer monsoon was feeble; the humidity degree was not
high but favourable for plant growth. Meanwhile, warm-
ing event happened in Daihai Lake in the southern part of
the study region during 1.2—0.9 kaBP"%, and most of the
China region had the warming event records during 800—
1400 AD™ even the track records had been discovered
all over the world?>2132 \which indicated that this was the
Mediaeval Warm Period. (4) During 700—200 aBP, ae-
olian sand again deposited in Hunshandake Desert; the
stratigraphic susceptibility, organic matter content and
humidity index all distinctly decreased, whereas the aver-
age granularity remarkably increased. These had recorded
the last cold event. Besides, more records of this cold
event had been discovered in China region and even in
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other parts of the worldZ%2323] The extreme of this

cold event took place at about 400 aBP, corresponding to
the Little Ice Age cold event. Since the Little Ice Age al-
though the Hunshandake Desert had developed original
paleosol, accordingly the magnetic susceptibility and or-
ganic matter content gradually increased or the average
granularity decreased, the humidity index was still in de-
scending trend steadily. These proved that the summer
monsoon was intensifying or the winter monsoon was
weakening, as a result the climate kept persisting aridify-
ing.

() The summer monsoon changing characteristics
on millenary time scale. Suggested by the geological
data sequences in Hunshandake Desert, the Holocene
summer monsoon had experienced many times
strong-weak fluctuated in larger range. On the whole, the
summer monsoon wavely strengthened before 6 kaBP and
weakened since then (Fig. 3). The changing regularity
showed that the Holocene climate process fall into six
periods when summer monsoon prevailed but winter
monsoon retreated, and seven periods when winter mon-
soon re-invaded but summer monsoon fell into a decline.
During summer monsoon prevailing periods the climatic
humidity degree and vegetation coverage were relatively
high, and vice versa. Further, the vicissitude of monsoon
well correlated with the global change. It is obvious that
factors controlling the climatic change of the study region
mainly are the global change especially the East Asia
monsoon variation.

According to the age mode, analysis on magnetic
susceptibility power spectrum showed that there were two
periodicities, 1465 and 494 a, in the changing series of
summer monsoon intensity (Fig. 4), and they all have
passed the Red Noise test of 90% confidence degree. The
1456-a period approximates to the 1450-a period of the
North Atlantic Ice floating event and to the arid-humid
cycle of 1450—1470 a in Arabia'®**!; the 494-a period
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Fig. 4. The magnetic susceptibility power spectrum of Xilinhot profile.
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approximates to the world-accepted 512-a period having

relation to the instability of warm current in North Atlan-
ticll,

This study also proved that the Holocene summer
monsoon variation of Hunshandake Desert coincided with
the Indian monsoon change, illustrating that the driving
mechanism of Asian monsoon is the same; the arid events
of the study area coincided with the cold events in North
Atlantic and arid events in middle to low latitudinal zones,
which indicated that the periodical change of Holocene
climate in Hunshandake Desert has global significance.
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