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QUATERNARY GEOLOGY AND ENVIRONMENT
OF XINJIANG REGION, CHINA

ABSTRACT

The book “Quaternary Geology and Environment of Xinjiang Region” is
a comprehensive summing-up in Quaternary geology and environment of Xin
jiang Region based on the research carried out from 1985-1989 by the rese-
arch group “Natural environment changes” of the comprehensive investigating
team of Chinese Academy of Sciences for exploiting resourses of Xinjiang
Region,12 representative geological sections were detailly measured and inves-
tigeted after travelling over 20000 km and spending three summers from 1985~
1987 for the field work,16 person-times took part in the field work and over
2200 samples were collected from the sections, The sections mainly are Ga-
nqu of Lake Aibi, bore hole section of Lake Caiwopu, Kansu loess section
of Xinyuan County of Hedian, sand dune of Valley Celedama and so on,
The datings of C-14, paleomagnetism and TL, analyses of spore-pollen, clay
minerals, heave minerals, geochemical elements and organic materials, isot—
opes of oxygen and carbon, studies of vertebrata and Ostracoda fossils were
performed,

Based on the studies of Quaternary sediments, such as loess~paleosol ser—
pes, lacustrine, fluvial, glacial sediments and aeolian accumulation, a sch-
eme of Quaternary stratigraphic chronology in Xinjiang Region was propou-
nded, The history of the environmental evolution during Quaternary period,
especially, on the various time scales since 730 ka, 400 ka 120 ka and 12 ka
B,P,, respectively, was investigated accouding to the climatic and environ-
mental informations obtained from Quaternary sediments, The informations
are the reliable basis for the detection of climatic evolution in the future,
Our studies on the desertification, seismic calamity and aridity as well as the
cffect of Quaternary environmental changes and the present ecological envi-
ronment provided a scientific basis for protecting natural environment of
Xinjiang Region,

I.Quaternary chronology and the devission and comparation of stratigraphy
in Xinjiang Region



A complete Quaternary stratium including Early, Middle and Late PI-
eistocene series and Holocene series exists in the region in the light of the
data from drill cores and natural sections,Paleomagnetic result of Bore hole
CK-1 with a depth of 500 m in Caiwopu basin shows that Brunhes and Mat-~
uyama chrons and Olduvai subchron (at 470-475 m deep, 1,67-1.87 Ma B,
P.) were recorded, The Bore hole W,, located at upper reaches of River Wu-
lumuqi pierces whole Quaternary system throught to the Tertiary red bed
and the boundary between Gauss and Matuyama chrons (2.4 Ma B,P,) was
found at the depth of 447 m of the hole, We would take the depth and the
age of 2,4 Ma as the Quaternary bottom in Xinjiang Region,In CK-1 the be-
ds of diluvial sands and graits bellow the depth of 123 m (corresponding to
the boundary between Brunhes and Matuyama chrons) belong to Early Plei~
stocene and can be compared with the Xiyue Formation (conglomerate) which
is extensively distributed in Xinjiang Region, The Kongsulake conglomerate
rock on the terrace of River Keliya in Yudian area has the same age,

A complete Middle Pleistocene series was exporsed in the CK-1, It is
composed of three alluvial and diluvial beds and two lacustrine beds H4 and
Hs sandwiched inbetween, Brunhes Matuyama boundary (0,73 Ma B, P)) is
taken as the bottom of Middle Pleistocene while the lacustrine bed H3 on the
top of the series as the boundary between Middle and Upper Pleistocene se-
ries,

The bed H3 at depths of 34,6-42.4 m in the bore hole CK-1 corrsponds
to the oxygen isotope stage 5 in the deep sea core and its ages were estim-
ated to be from 75-140 ka, it was the last interglaciation time, The strata
above H3 are composed of two alluvial-diluvial beds and a lacustrine bed H2
interbedded, they correspond to the oxygen isotope stages 4, 3 and 2, respec—
tively,

A representative Middle Pleistocene loess section is located at Kansu of
Xinyuan County in Yili basin ,Kansu loess section with a thickness of 22 m
includes five loess beds and four paleosol beds, they occure alternatively in
the section, The TL ages of the lower parts of the loess beds are 74 +6 ka,
140 +12 ka, 170+ 20 ka, 290 £23 ka and 390 + 33ka B,P,, respectively, The
ages and characters of the scction can be compared with those of the upper
part of Lishi loess in the middle reach of Yellow River, The greyish brown
paleosol with a C-14 age of 24 ka found in the Niuqiuanzi section of the
northern side of Mt Tianshan corresponds to the bed H2 in bore hole CK-1,
The loess beds above and bellow the paleosol bed can be compared with the

oxygen isotope stages 2 and 4 of deep sea core, respectively,
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A perfact Holocene series in Xinjiang Region is exposed in Ganqu section
at the southern margin of Lake Aibi, The upper part of the section consists
of three brick-red silt-clayeg sand beds (burned beds) interbedded two grass
peat beds and a blue~grey mild clay bed, The lower.part of the section inc~
ludes,three blue-grey mild clay beds and three black muddy C!ay.‘beds alter~
natively interbedded, The thickness of the section is 460 c¢m, The third peat
bed aged 11880 +500 a in the bottom of the section is taken as the bott'qm
of Holocene, The section can be detailly subdevided into three parts; Early,
Middle (upper and lower) and Late Holocene series, Their boundary ages are
8.5, 6.5 and 2.0 ka B_P respectively,

II, Quaternary environment change of Xinjiang Region

During the time from the Late Tertiary to the Early Quaternary the
climate in Xinjiang Region became dryer and dryer because of uplift of the
Qing-zhang Plateau,In Mt Tianshan area occured glaciation in the Early
Quaternary when the global climate was rapidly getting colder, The Mt Tian~
shan area was controlled by glacial-periglacial climate, The uplift of Qing-
Zhang Plateau changed atmospheric circulation, Caiwopu area became a inte-
‘rior basin,

A alternating climate of arid to moist and cold to warm with different
intensity and time scale occured in the basin on the basical arid background,

Five alluvial-diluvialb eds and four lacustrine beds deposited in CK-1 sin-
ce 730 ka B_P represent five marked arid-moist, cold-temperate (or warm)
climatic fluctuations, They are. 730-550 ka,cold-arid; 550-400 ka, temperate-
moist; 400-300 ka, cold-arid; 300-200 ka, temperate-moist; 200-120 ka,
cold-arid; 120~75 ka, temperate-moist; 75~12 ka, cold-arid (including amo-
ist-temperate interstadial stage from 30-23 ka) _Bed H5 was formed in a
shallow water environment and the climate at that time was the most tem-
perate in the region and it can be compared with Holstein interglacial stage
of North Europe,The “Beijing Man” of Zhoukoudian area was living during
the time,

The loess~paleosol series at the kansu section of Xinyuan County com-
pletely recorded the history of climatic and environmental changes since 400
ka B,P, The five loess beds in the section correspond to five reletive cold
and arid climatic stages, whereas the four paleosol beds recorded four rele-
tive moist climatic stages, This evolutional history coincides with that reco-
rded in the typical loess section of Luochuan area in the middle reaches of
Yellow River, but developmental degree of paleosol in Kansu section is not

as good as in Luochuan loess, it means that the warm and moist degree in
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Kansu area was weaker than in Luochuan at that time,

A continuous lifting of entire Qing-Zhang Platcau and the areas around
it during the late period of Late pleistocene speedded up aridity of Xinjiang
Region, but on the arid background there still_ existed moist climatic fluctuations,
There were four moist stages at least since 120 ka B,P_ Stage 1, 120~75 ka,
the first paleosol bed S1 in Kansu section of Yili basin and Lujiaowan sec~
tion at the northern foot of Mt, Tianshan as well as the bed H3 in the bore
hole CK~1 of Caiwopu basin recorded this period, During that time, Eem
interglaciation of North Europe oceured, the paleosol bed beneath Malan
loess bed in the middle reaches of Yellow River was developed, the lacustr—
ine sediment in Lake Shati in Sahara of Africa was formed; Stage 2, 30-23
ka B ,P,, the moist climatic stage was recorded by the greyish brown pale~
osol bed SL (C-14 age; 24 ka B ,P.) in Niuquanzi loess section at the nor-
th foot of Mt Tianshan and the bed H2 in CK-1 (C-14 age; 23 ka B,P)) .,
This period belongs to a interstadial stage of the last glaciation and can
be compared with the lacustrine sedimental time in Lake Ateria in Sahara,
The greyish brown paleosol bed in the middle part of Malan loess in the
middle reaches of Yellow River was also formed in the period, The lacustrine
bed H2 and the alluvial-diluvial beds above and below it can be compared
with the sediments formed during the early stage, full stage and late stage
of Weichselian glaciation in North Europe, respectively; Stage 3, 15-13 ka
B,P,, paleosol was extensively developed in Xinjiang Region, such as the
paleosol beds on the alluvial fans of River Muzati, on the alluvial plain of
River Yierqiang and on the drift sheet of Bogeda Peak, They recorded anin-
crease of temperature during the late stage of the last glaciation; Stage 4,
the moist stage, occured in the middle time of Holocene,

The bottom age of Holocene in Xinjiang Region is 12 ka B, P, During
the early Holocene the climate was arid-cool, in the middle Holocene (8000~
3000 a B,P,) , under the control of global climate, a reletive warm and
moist climate in Xinjiang Region appeared and it can be compared with wa-
rm-moist Atlantic period in North Europe, During that time, in Xinjiang
Region two times of higher lake level have been recorded, 8400-7300 a and
6000-3400 a B P.in Lake Aibi, for instance Meanwhile two terraces of Lake
Caiwopu were developed extensively, the C-14 ages of them are 7695 + 200a
and 3830+70 a B,P,, respectively The periods when the tw o higher levels
of the lake occured correspond to those of higher temperature in the globe,
Professor Zhuy Kezheng pointed out that the annual average temperature
during that time was 2°C higher than that teday, in the center area of Mt,
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Tianshan the temperature was 1°C higher than today and moisture and pre-
cipitation increased obviously A yellowish-brick-red bed formed due to bur-
ning of natural fire at 6600 a B P, indicates a arid climate during the glc-
bal tern'perate climatic time, _
After the warm-moist time of the middle Holocene, the climate tended
to arid,lakes were shrank in Xinjiang Region, Since 4000 a B P, the lake level
rose again and the first terrace was formed (the age ranged 3000-2700 aB,
P.) .Spore-pollen acsembly characterized by Betula with less Salix and

Ulmus shows a cool-moist climate, During the time, paleosol beds bearing ca-
rhon or hymus, peat were developed, The glaciers in Mt Bogeda extensively
expended so called a “new glaciation precession”,

Since 2000 a B_ P, the climate was further arid, the glaciers in mountains
were gradually retreated, the lakes in the plain of the region were shrank
and dried up further, the wind was getting stronger and desert was extend-
ed, The loam bed in Sitizi loess section and the first grass—peat bed in the
Lake Aibi represented the last cool-moist climatic event before the forma-
tion of present arid clime-environment,

Based on those mentioned above, a climatic sequence since 12 ka B D,
was primarily summarized as follows, 12-10 kg, from cool-moist to cool-
arid; 10-8 ka, temperate and arid; 8-7 ka, temperate and moist, lake tra—
nsgression; 7-6 ka, temperate and arid; 6-4 ka, temperate and moist, lake
transgression; 4-3 ka, temperate and aridy 3-2 ka, cool and moist, new
glacial precession; 2 ka to the present, temperate and arid, as the present
climate of Xinjiang Region, Comparing the climate of South Xinjiang with
that of North Xinjiang, the climate of South Xinjiang is dryer,

Thus it can be seen that since Holocene the climate changes in Xinjiang
arid area were different from those in the eastern monsoon area, meanwhile the
paleoclimate not only has cold-arid, warm-moist fluctuations with a time
scale of 10000 years but also has cold-moist, warm-arid, temperate-mocist
and temperate-arid fluctuations with a smoller time scale,

111, The main problems in geological environment of Xinjiang Region

1.desertification,

The desert area of Xinjiang Region is more than 420000 km? that is
about one fourth of the region, the living desert area of it is about 380000
km?_ The present desertified land was rapidly extended and incresed 8600 km?
since last 100 years due to extension of irrigated oases, deterioration of the
vegetation in desert and the rivers, which originally flowed into the desert,

now do not flow igto it any more, The desert is harming the oases, the
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s tuation is grim,

The areas where desert is strongly developing are; (1) the western and
southern parts of Zhuhgeer desert where dunes are re-activating, (2) the
areas around Takelamagan desert, especially the southern margin, dunes are
extending, (3) the areas where rivers and lakes dlsappearcd In Xinjiang
Region there are 16 areas where the descrtification sityation is grim,

2.Seismic calamity,

Seismic activity in Xinjiang Region is frequent because of strong neotecto~
nic movement, Since AC 1600, there are 73 earthquakes stronger than mag-~
nitude 6 , among them 19 earthquakes are stronger than magnitude 7, 3
stronger than magnitude 8,Since 1970, there was a carthquake stronger than
magnityde 6 cvery one or two years, A magnitude 7 earthquake occured in
Wugia County of Kashi destrict in August of 1985 and people there suffered
heave losses, Pamier area in the Region is the only intermidiate-focus earth-
quake area in China The earthquake prediction should be strengthenned,

3.The aridity of Xinjiang Region,

As descripted above, weakenning of pedogencsis in the loess—paleosol

series from older to younger in the last 400 ka indicates that the climate
was getting dryer and dryer, The information recorded in the lake sediments
also shows the same tendency; the fluctuation amplitude of arid-moist and
cold-temperate climate was smaller and smaller,
. The cold high atmospheric pressure in Siberia~-Mongolia areca and the
monsoon cycle in China were strengthenned because of the further up-lift of
the whole Qing-Zhang Platean and the mountain arcas around it since the
late time of Late Pleistocene, Therefore, the climate in Northwest China
could be continuously dryer in the future, The further aridity in Xinjiang
Region in the last 2000 years results in the gradual regression of the moun-
tain glaciers, contraction and dried up of the lakes, reduction of the diluv-
ial and alluvial sedimentations in forelands and plains, strengthenning of
wind-force and expanding of desert area,

IV, The implication of Quaternary environmental change in present natural
ecological environment,

The climatic general trend to the aridity is not changed in Xinjiang
Region since the late Pleistocene eventhough there were the fluctuations of
glacial, interglacial, arid and moist climates, The environment inside oases is
improving due to resent constraction, but meanwhile the environment in the
most areas outside oases is getting worse because of lack of water supply and

destruction of the vegetation It is important at present to rationally use
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