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Main Conclusions of Tis Book

Editor —-in-Chief:ShiYafeng

The progress in studies on the Quaternary Glaciations and environments during
the past 50 years in China is summarized by 19 authors in this book; the main con-
clusions are as follows:

1. The late stage of Last Glaciation (or Last Glaciation Maximum,
LGM) and the following glacial fluctuations

Based on the dispersed findings on reliable glacial remains in China, the real
extension of glacial area in various mountains, including the Himalayas, Karako-
rum, Kunlun Mountains etc, and around the Tibetan Plateau, during the late stage
of Last Glaciation, 16 ~30 kaBP, reached over 350 000 km’. Reckoning up those
in the Tianshan Mountains, Altay Mountains and several small glacial regions,
such as Mount Taibai in Shaanxi, Mount Changbai in Jilin, Mount Xueshan in Tai-
wan, the total area was about 500 000 km®, 8.4 times of the glacier area at pres-
ent. At that time, temperature was 5 ~ 11°C lower than that at present, precipitati-
on was only 30% ~80% of that at present, and sea level was 130 ~ 150 m lower
than that at present. The islands Taiwan and Hainan were connected with the ma-
inland. On the same time, permafrost zone was also enlarged, with the south limit
in eastern China moving from south part of Northeast China to North China, sand
wedges and ice wedges appeared in the Inner Mongolia Region and Shanxi Prov-
ince. After the time of 16 kaBP, with an unevenly increase of temperature, glac-
iers were retreating continuously. Around 11 kaBP, a Younger Dryas cooling event
occurred and then entered the Holocene Interglacial. In the Holocene climate was
warm with a fluctuation and reached the climax at 7 ~6 kaBP, when temperature
was 2 ~ 3°C higher than that at present, glaciers partly disappeared and inland
lakes expanded, accompanied by sea transgression with the sea level 1 ~3 m high-

er than that at present. Later, the Neoglacial appeared, when glaciers advanced




and many prominent moraine series appeared in many mountains. In the Neoglacial
temperature decreased mainly in 3 ~4 kaBP. The glacial advance of Little Ice Age
appeared during 15 ~19" century, when three end moraines formed in general.

2. The arguments on the extension of Quaternary glaciations in both
eastern China and Tibetan Plateau are thoroughly examined by the authors
and collaborators, including several foreign scientists

Researches of us reach a conclusion that Pleistocene Glaciations were limited
in high mountains above 2 500 m a. s. 1. in eastern China. Some other docu-
ments that argue there were Quaternary Glaciations on the lower and middle
mountains, such as Mount Lushan and Mount Huangshan in lower reaches of the
Yangtze River and Western Hills in Beijing, are all misinterpreted. In the Tibetan
Plateau, the unified ice sheet hypothesis suggested either by M. Kuhle or by Han
Tonglin are inconsistent with the reality and, therefore, has been abandoned by
numerous scientists.

3. History of the late Pleistocene Glaciations and environmental evolution in the
western China

The progress on ice core study together with other dating methods makes it possible to re-
construct the history in detail on the late Pleistocene glacial and environmental evolution in
western China. The Guliya ice core record from West Kunlun Mountains provides evidence of
climatic conditions over the last 130 000 years. In the last interglacial from 130 ka to 74 kaBP,
there were three warm stages corresponding to MIS 5e, 5c, 5a and two cold stages correspond-
ing to MIS 5d, 5b. Among them, the MIS Se was the warmest and wettest stage , with tempera-
ture about 5 higher than that at present, when most of glaciers disappeared and the forest ex-
panded greatly. There was a rapid change from MIS 5a (78 kaBP) to MIS 4 (75 kaBP) , i.
e., the early stage of Last Glaciation, in which the glacial extent was slightly larger than that in
the late stage of Last Glaciation, 30 ~ 16 kaBP. MIS 3 appeared in 58 ~ 32 kaBP, containing a
complete precession cycle with two warmer time, MIS 3¢ and MIS 3a, and one colder time
MIS 3b. Temperature of MIS 3b was about 5°C lower than that at present. Low temperature and
more precipitation at that time resulted in obvious glacial advance in some places, such as the
Xueshan Mountain in Taiwan, and in the south slopes of the Hindu Kush, Karakorum
Mountains and Himalayas. In MIS 3a, temperature was 4°C higher and the precipitation was
40% ~100% more than those in the present day. As a result, many large glacial retreated and

then many large fresh water lakes formed in the Tibetan Plateau and northwest China, together
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with pronounced sea transgression in the large delta area of eastern China.

4. The glacial and interglacial sequences during early and middle Pleistocene is not
perfectly clear, because of shortage of date and detailed investigations

Since late Pliocene, the rapid uplifting of the Himalayas and Tibetan Plateau, accompa-
nied by the global cooling, induced the first glaciation, of which the remains became the high-
est moraine caped mountains, for example, 6 200 m a. s. 1. in the Mount Xixabangma. We
named it as Xixabangma Glaciation, which can be dated back to the late early Pleistocene by
our speculation. In morphological sequence, the second glaciation appeared in the northern
slopes of Mount Xixabangma marked by a huge Nyanyaxungla moraine platform. Other evidence
are the piedmont glacier till on the south slopes of the middle Kunlun Mountains with ESR date
710 kaBP, the base till of Guliya ice core in west Kunlun Mountains with *Cl date 760kaBP,
the oldest Ningzhong moraine with ESR date 593 kaBP and 678 kaBP, the oldest Daocheng gla-
cial deposit with ESR date 571 kaBP in the Hengduan Mountains and some area with very large
valley glacier deposits. Thus, we named them as Kunlun Glaciation or Maximum Glaciation
0.8 ~0.6 Ma ago, correspondent with MIS 16 ~ 18, when the Tibetan Plateau uplifted over 3
500 m a. s. 1. and entered the cryosphere. ESR dating of glacial deposits in highest river ter-
races, such as in the headwaters of the Bailang River in northern slopes of the Qilian Mountains
and in the Gaowangfeng terrace at the upper reach of Urumgi River in Tianshan Mountains, in-
dicates that there was a clear glaciation during 450 ~ 480 kaBP, corresponding with MIS 12
which was called as Zhonglianggan Glaciation. The distribution features of this glaciation are
not very clear. From geomorphic sequence, the deposit of the latter glaciation appeared in the
higher lateral moraine and some distant and partly destructed end moraine, such as Jilongsi mo-
raine in Rongbuk Valley in the north of Mount Qomolangma, the Guxiang Glaciation in south-
east Tibet, the glacial sand with TL date 206 kaBP in Bulakbashi glacial platform in the west
Kunlun Mountains, the base loess covering on the longer valley glacial deposits with TL date
200 kaBP in Mount Nianbaoyuze on the east end of Kunlun Mountains, and so on. We estimate
this evidence correspond mainly to the Penultimate Glaciation or MIS 6 , partly extended to M1S
8 even 10. The extension of this glaciation was larger than that of the Last Glaciation, but much
smaller than that of the Maximum Glaciation. A large interglacial with higher temperature was
focused on the MIS 13, earlier than the Zhonglianggan Glaciation.

5. Climatic warming, glacial shrinkage and their impacts on water resources and
disasters in the near future

The present interglacial just meets the anthropologic global warming, characterized by ris-

ing concentrations of CO, and other gases. From the middle Little Ice Age to mid 20" century,




temperature increased about 1 ~2%C in the high mountains of west China and glaciers shrank a-
bout 20% . Especially in the early and mid 20" century, climate was controlled by a warming
and drying trend in West China in general. In the recent thirty years, enhanced water cycle un-
der global warming results in climate change more complicated. Accompanied by the rapid
global warming, glacier retreat is obvious in West China. Precipitation increased in major parts
of Northwest China and Tibetan Plateau, however, in some parts of the periphery of the north-
ern Tibetan Plateau and Xinjiang, it is still cooling, and in the northeast part of the Tibetan
Plateau drying still continues. Comparison of the incomplete data from remote sensing images a-
round 2 000 with the data in Glacier Inventory of China ( total 46 377 in number, 59 425 km’
in area and 5 600 km’ in water resources) reveals that the glaciers retreated about 4% ~ 5%
during the recent 20 ~ 30 years. On the assumption that temperature will further increase 1 ~
2.4°C by the year 2050, glacier area is likely decrease 20% ~40%. Thus, owing to glacier
retreating and precipitation increasing, water resources from river runoff and some inland lakes
will increase generally. These will bring benefits to economic development and people, espe-
cially those living in the Tarim Basin, where there are a great amount of glaciers. But in some-
where else, such as in the southeast part of the Tibetan Plateau and Hengduan Mountains with
higher precipitation and monsoonal temperate glaciers, frequency of catastrophic floods and

debris flow disasters may increase.




