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Abstract A 1.5 Ma sporopollen record was obtained
from a continuous loess-paleosol sequence at Chaona in the
central Chinese Loess Plateau. It shows that (1) arid herbs of
largely Artemisia and Chenopodiaceae and arbors of mainly
Pinus, Betula and Quercus dominate loess and paleosol, re-
spectively, reflecting cycles of cold-dry and warm-humid
conditions of glaciation and interglaciation; (2) that similar
vegetation pattern and cold-dry condition were found in
times of unusual thick and coarse loesses L9 and 1.15, which
have been regarded as two extremely cold and dry times as
indicated by inorganic climatic proxies; and (3) that shifts of
vegetations from earlier forest-steppe to open-forest and
steppe and then to steppe were found at 0.95 and 0.5 Ma,
implying a stepwise of drying of the Loess Plateau in the
Quaternary.
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Previous studies have shown that cyclic climate
fluctuations recorded by the loess-paleosol sequence in the
Chinese Loess Plateau were correlated well with cyclic
alternations of global ice volume revealed by marine oxy-
gen isotope record of sediments, thus studying loess-pa-
leosol sequence becomes an important part of global cli-
matic change''. Revealed by winter monsoon proxies such
as grain size, dust flux and particle size of quartz fractions,
and by summer monsoon proxies such as magnetic sus-
ceptibility, index of chemical weathering and content of
carbonate™, it has been demonstrated that the loess-pa-
leosol sequence isone of the best Asian monsoon re-
cords“™ | recording in detail the evolution of the Asian
Monsoon and its closely related aridification in the North
China. In addition, studies of red clay below loess-paleo-
sol sequence on the Loess Plateau show that the onset of
the Asian monsoon and aridification of North China might
extend back to 7-—8 Ma'"""", or even back to 22 Ma"* ago.
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However, all the results mentioned above were mainly
from inorganic climatic proxies, rarely from organic cli-
matic proxies. Vegetation changes are mostly direct and
sensitive reflection of environment'* ', Only a few studies
have been carried out for the vegetation history on the
Loess Plateau'"'"*!, where vegetation records were poorly
dated and lack continuity, because of the difficulty in ex-
tracting sufficient numbers of pollen grains from loess and
time consuming and arduous of pollen selecting work'!,
However, the vegetation history is very important in
checking the evolution of monsoon and environmental
change from inorganic proxies and in examining the im-
pact of global climatic change on ecologic system. The
Chinese Government is launching a campaign and is car-
rying out national projects to develop Western China. One
of the core contents is to plant trees and grass to recon-
struct the ecologic environment. This requires knowledge
of history of ecologic environment with climatic change.
Here we present a detailed long sporopollen record from
the Chaona loess section on the central Loess Plateau,
which documents a 1.5 Ma vegetation change to under-
stand how vegetation varied with monsoon climate on the
Loess Plateau.

1 Physical geographic setting

The study area is located at the foot of the eastern
Liupan Mountains on the central Loess Plateau. The Liu-
pan Mountains stand in nearly north-south at average alti-
tude of about 2500—2700 m with the highest peak at 2942
m. It divides the Loess Plateau into western and central-east-
ern parts. The western part has altitudes of more than 1500
—2000 m and is characterized with hilly landform; whereas
the central-eastern part has altitudes mostly of 1000—1500
m and consists mainly of platform land (Fig. 1).

The present climate of the studied area belongs to
sub-humid climate, which is characterized with an average
annual temperature and precipitation of ca, 8—10C and
550 mm, respectively. The natural vegetation of the area is
warm-temperate forest steppe. Patches of forest are found
on the northern slope of the Liupan Mountains, which
consists largely of Quercus liaotungensis, Pinus tabulae-
Sformis, Platycladus orientalis, and Pinus armandii. Many
shrubs like Zizyphus sativa, Sophora viciifolia, Ostryopsis
davidiana and Forsythia suspense appear on small moun-
tain foot hills. Steppe grass covers the remaining parts of
the studied area, composed mainly of Bothriochloa is-
chaemum, Artemisia giraldii, Stipa bungeana, Artemisia
gmelinii and Artemisia frigida®" (Fig. 1).

The natural vegetation on the Liupan Mountains
changes with increasing altitude from forest steppe (on the
eastern slope of the mountains) or dry steppe (on the
western slope of the mountains) at piedmont, through
shaw in middle, to meadow at mountain top. In the band
of shaw (2000—2500 m a.s.1.) on the northern slope of the
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Fig. 1.

Liupan Mountains, birch is usually mixed with bass and
acer. The patched mixed forest on the southern slope are
chiefly Quercus liaotungensis, Populus davidiana and
Betula platyphylla. Rosa, Spiraea, Hippophae rhamnoides
usually grow under an upper canopy of other trees. Pinus
tabulaeformis and Platycladus orientalis distributed above
the shaw band have already been destroyed because of
hackling™!.

2 Section and stratigraphy

The section selected for this study is located at
Chaona town in Lingtai County, Gansu Province
(107°12'E, 35° 7'N), with an altitude of 1464 m at its top.
The loess-paleosol sequence is 175 m thick and consists of
32 paleosols (S) and 33 loess (L) 1ayers“2] (Fig. 2). The
upper part of the section presents light yellow in color,
while the lower part yellowish-brownish and contains
abundant carbonate nodules layers. Some paleosols are
very distinctive. For examples, paleosol S1 complex at
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® Section

The location and geomorphologic and vegetational map of the studied area.

depths of §—10 m has three sub-paleosols and two inter-
bedded loess layers (Fig. 2). The upper two sub-paleosols
of S1 are relatively weak with light brownish color, while
the lowermost sub-paleosol of S1 is relatively strong de-
veloped and belongs to typical eluvosols with its Bt hori-
zon characterized with fine block structure and some
Fe-Mn coatings and with its Bk horizon having many
carbonate nodules. Paleosol S5 at depths of 32—38 m are
composed also of three sub-paleosol layers with two in-
terbedded loess layers (Fig. 2). The topsub-paleosol is
brownish and has well developed fine block structure;
while the lower two sub-paleosol layers are deep brow-
nand peddy and contain lots of Fe-Mn coatings. Two
marked thick and coarse loess layers called respectively
upper (L9) and lower (L.15) coarse silt layers are distinc-
tivel (Fig. 2). L9 at depths of 56.5—64 m is light
brownish yellow, massive and much coarser than other
loess layers; whereas L15 at the depths of 83—89 mis dull
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