&

PEUER IR G ERI R &




B ® A M T 4E5 3 (2006FY110800)

PRI RS T I 0F 90

A STUDY OF THE KUMTAG DESERT

BB B A E RN %

4 4 8 B B

b =



mEE

AR MBS EITRERT. ZEREAREERMITRRN
RERG, BT BEEEUENE RAHCR B IR, B TR
MARL, SAERFBRGENERRE SR, HRTHRRHEARE
. BB, KSOIBRAKREHAA, R THEIXRE5EME
REPEGRE JFLUBBEE AR, AT TS S XERIE R, B
St EEAB S VDU (X 0 A AR AP 5 KT R R R AR T B B X 3R
2.

ABNEEE, FRAE, RRE, BHEAE, BIOFK; THEA
FT R X RPEFANR IAEEMSSERRMXE LITESE,

B RS B (CIP) #iE
PEAIEMR VBN SY / R B OB A R AE. — b, B
Hihidt, 2012
ISBN 978-7-03-033088-8
1.0OFE- 1.0 0.OWE-HE—HE N.OPM2. 450.73
hE A B BAE CIP BT (2011) & 269368 5

FEEm, BhE LB IkE/ HERT 4 #

TAEf A KRB/ HEEH. HER

4 & % B2 MR
AR AR BRI 16 5
HR B ES 100717

http: //www. sciencep. com
HAAAM LR AP AR ARG EIR
BEHRMET SHHEBEEH
20124E 6 A% — MR FPA. 787X1092 1/16
2012 £ 6 ASE—KEIR  Epgk. 311/4
FH. 758 000
EH: 149.00 5T
(mEFREFRERE, RiRFRAR



E & F #
g £ &

o

%
=5

_'_'I;J

A

0

i

£

BHZE

BEA

TEREZR

x W

My SR,

et PR EHRT)

RE 4
LRy
25 38 3%
KIRE
&5
B
H & &
E
R %
i

#HHRK
T "
Z XA
x| £
EHEE
EX
W&
2y
R A

HHRERK

GRERHHE

Fob%
BN

B4 2
% fa

EHE

FA

BHE
E X
55
Fosk
7T
E¥4
P
o1R o
B %

HTCAT

& B
A% A

A
=

0

RefbiE
P

FhFE
¥t B
J: R
KRB
FTHR=E
¥ .
KA A
EAEE

B E

Z
KO

AU
vy
m‘

S
o
S

#F K
REA H
B =K
5 %
GiNE
% K
My S,
KT

T 4 F0
2 3 g

WA
15K
4 3 7
TH®
Bt g

==
% &



Editorial Board

Chief Editors:
LuQi WubBo

Deputy Chief Editors:

Qu Jianjun Yang Wenbin Wang Shigong Yan Ping

Su Zhizhu

L1 Diqiang Cai Denggu

Authors: (In alphabetal order by Chinese name)

Cat Denggu Chu Jianmin Cui Xianghui

Du Zitu E Youhao Gao Zhihai
Huo Wen Ju Hongbo Kang Caizhou
L1 Digiang L1 Wenzan Li Xiumei

Liao Kongtai Lin Guanghui Ling Chengxing
Lu Lu Huayu Ma Qiang

Qian Guanggiang Qu Jianjun Shang Kezheng
Su Zhizhu Wang Fengyu Wang Jihe
Wang Xuequan Wang Zhenting  Wu Bo

Xiao Shengchun ~ Xu Zhiwel Yan Ping

Yang Wenbin Yuan Lei Yuan Hongbo
Zhang Huaiging  Zhang Jinchun Zhang Yuguang
Zhao Cunfa Zhao Jianhua Zou Songbing

Reviewers and Proofreaders:
LuQu

Chu Jianmin Shen Yuancun Cui Xianghui

Peer Reviewers: (In alphabetal order by Chinese name)
Duan Zhenghu Jin Kun
Song Yanling

Dong Guangrong
Shen Yuancun
Zheng Du

Yang Gensheng Zhang Qiang

Zhu Zongyuan

Dong Zhibao Lu Huayu Xiao Honglang Wang Jihe

Dong Zhibao
He Qing

Li Delu

Li Yaohui

Liu Hongyi
Niu Qinghe
Song Yaoxuan
Wang Shigong
Xiao Honglang
Yang Hailong
Zeng Shuling
Zhao Ming
Zuo Hejun

Li Wenhua
Wang Sumin  Wu Guanghe
Zhou Shiquan



¥

FEDETREEEREZ, BZADPRPBEMTELEFNERZ —,
ATREMTHRBRELETEDENERER., T EARARREEDF
WRAE#HE, 1959 FPERFRAFETHDPA, XREE KD EFDH
FETKEIENELBFZERMFRIA,

EEEEEEREN “DWL” 2BV ELHRTHELAERUBRER
BEHREHRTAAZELFEAREAE(THRNAELEENMHKX, ¥
BRI ARA L, T4 ZAhEH, hEMFELAH, RESEE DL,
WA 2.28 7 km®, FIRKEDENE ML, EZEMHLGEHRE, EHE
BOERNREE K RERFZENDE,

EEZARERMETIEETNEY T, dPEA LB EAREELL
#, mEkAL2E BRHANM. BRFEREAARGYIRETFELERN
FHRARMEGAEFFHEA, T 2007~2009 £ EREE D EITFRT AR
KAE, 2T ANELEHEEER 20 Z R0 %L LRERH, RitF 4
TAERfIE] 150 £ K, HFAHATEMAL 15 7 km, BHEFIELRE, HFHEE, £
PR, FAXE, ERUESHREFEN LR ELHFR, £
SUBBETEENARER., A, WHFRHTEBEEIVENERD L
AR SR T R RV EARN a R EEMG; BTV ERE
WBRMT WA REERE; ARTRHEARARINFEEBRRERFT: B4
THWEDERRMFTE; ExT2F A, 2RENDPERLEWMNG; %
HERHBRAETEETRT RAEE; RINT DV ABRWE 6 MY B

FAONK:; MARNE TV EREADRENESEF LK, FHHEHBE
7 T A R # AL

(BB DERR) T ERMEBERDETEBERIT. 5FH5L
MEXEFRRENERLE, &4 mﬂ%ﬁﬁ MEAZTAERER
W ZERRE, BFAXRTEFRALR, X—FFRRT EBER D EE



siie JE MR AR VTR 5

BEWNEEZENFUSHARIERE; oM THERKHATEES BT ER
TEFRBEENATRE, BRrTEEERDPERNAEREELLE; EHT X
WH IR KR, PRV ERDPENRARRLEIE; ERTHERHIELRER
BEEREETMEBME, KEPAREKAXENE:; R THYXZ5EYBHE
KA, FYREZFBAG Y A UREY S SR ETEREEEINT
DENSERABNBE; BEHRTERERMRNEARY 5 KA TH
S KB B H AR :

CEBERDVEFRY EZNEERR, £RF BT TZDENL K
BTSRRI ESNAE, FHTHFLEFG L ED FEKEIT; HITT £
BBFHREFE, ARFEHAEFLAH. BRE XHFRF UK KT HF4&
REBRETHEBRE S EEEZY, AEFZEGHNPEFTEXMEFEEZNN
B, X—REFRATH KRV ERFABEEN. FERE. BHWMERE
AERER WA FMH, BHEE, X—FFW0HBEH B T AN EBEL
WEWMATTHE, FEHF - RVERNFAF - FhBEFARNNBESELE
R EWERZHR, DEAMFE., ERRFEASERTHEFIBREEMRE
HeyRah, ARETHELEEH BN THEH,

J

20108 4 A 27T H



Foreword

With a vast distribution of desert and Gobi in the Northwest, China is the third
largest country in the world and is one of the countries seriously affected by dust and
sandstorm disasters and desertification issues. In consideration of state needs to
comprehend the basic condition of main deserts in the arid zone of China, and to develop
a regional strategic plan to control dust and sandstorm and combat desertification and to
explore sound measures and solutions to mitigate desertification and control dust and
sandstorm in the region, the Chinese Academy of Sciences estabtished the China Desert
Control Team in 1959. A 3-year-long integrated scientific expedition, with ground
observations and field investigations, to each of seven desert and four sandy-lands of
China has been conductéd.

The Kumtag Desert (referring to “Megadunes” in Uygur language) is widely
located at the broad boundary area among Ruoqiang County of Xingjiang Uygur
Autonomous Region, Dunhuang City and Aksay Kazak Autonomous County of Gansu
Province. The Kumtag Desert borders the Altun Mountains to the south, the Lop Nur in
the northwest, the Akeqi Valley in the north and the Mingsha Mountain (Whispering
Megadunes) of Dunhuang in the east. The total area of the Kumtag Desert is 2. 28 X 10"
km?, which is the sixth largest desert among the eight deserts in China. The Kumtag
Desert had not been explored in a scientific manner with systematic ground observation
and field investigation until the beginning of the 21* century.

Financed by the China National Science & Technology Basic Research Programme,
the Chinese Academy of Forestry sponsored the scientific expedition and organized an
expedition team composed of national scientists and experts, both senior and junior,
from 18 academies, institutes, universities and national nature reserves. The expedition
team carried out two large-scale complex scientific expeditions from 2007 to 2009 to the
Kumtag Desert and collected more than 20 sets of field samples and ground
observations. The total work days in the field are more than 150 days with the vehicles
travelling more than 150 000 km. Important research results in many subjects have been
obtained by conducting field investigation, study site surveys, positioned observation,
sample collection, remote sensing data and image interpretation and laboratory
analysis. The expedition has resulted in the first-time discovery of the occurrence
mechanism of feather-like longitudinal dunes of the Kumtag Desert and the compilation
of a physical geography map showing the general landscape of the desert. These results
show the mineral composition of surface sediments of the desert and their origin and
recognize the characteristics of sediments and their stratum chronology in the Later
Cenozoic Era. Meanwhile, omnidirectional and all-weather desert meteorological stations
have been built. A systematic survey of wild Bactrian Camel and its suitable habitat was

conducted. New distribution areas of Tamarix taklamakan and other two plant varieties
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were found. The sub-divisions of ecological services and economic functions of the
Kumtag Desert and its neighbouring regions were initially classified and strategic
recommendations were provided accordingly.

The book provides a systematic summary and conclusions of the study
accomplishments and findings of the cross-sectoral, multidisciplinary and integrated
scientific expedition to the Kumtag Desert. Members of the expedition team members,
with their macroscopic scientific hypothesis, conscientious exploration and careful
technical verifications and extensive academic exchanges reached overall academic
consensus.

This monograph summarizes the significance of the expedition to the Kumtag Desert
and integrates the research results made previously. It analyzes the geological
background and the arid environment evolution processes of the Later Cenozoic Era and
shows the age and evolution history of the formation of the Kumtag Desert. It illustrates
both the patterns and distribution of aeolian landforms, and the formation and
development processes of feather-like longitudinal dunes. It describes briefly primary
climate regime, climate change characteristics as well as hydrological process and water
resource use of the Kumtag Desert. The book also discusses the flora and the types of
botanical community, the fauna, typical animal distribution as well as biodiversity
protection. Based on remote sensing data. this monograph analyzes desert development
dynamics and regional landscape patterns. As a conclusion, it presents strategies on
ecological preservation, sustainable development and management of the Kumtag
Desert.

The study of the Kumtag Desert reveals for the first time the formation and
evolution processes and enunciates the movement principles of wind-sand of the Kumtag
"Desert. Research results are useful and helpful for developing a scientifically-oriented
strategy to combat desertification and prevent dust-sand disasters. Consequently, the
ecological and economic sub-plans were worked out to promote sustainable development
and rational utilization of natural resources and to protect natural and ancient cultural
heritage. Positive approaches and suggestions on regional sustainable development were
formulated in the context of the conclusive recommendations of the book, which are of
great value in protecting the Dunhuang Oasis and the Mogao Grottoes Buddhism
Cultural Heritage. These accomplishments embody the conscientiousness, fearlessness
and the high level of teamwork of the new generation of desert scientists in exploring the
profound mysteries of nature. It is believed that this publication will acknowledge all of
the Kumtag Desert, and it is hoped that the new generation of desert scientists will
further strengthen interdisiciplinary research and a more integrated approach, and, as a
result, greater advances. will be made in desert research, desertification combating,
nature preservation and ecological improvement to contribute significantly to regional

sustainable development.

Zheng Du, Academician, Chinese Academy of Sciences
April 27, 2010
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Preface

The Kumtag Desert is located at the east end of the Tarim Basin and it strides
across Gansu Province and the Xinjiang Uygur Autonomous Region in Northwest China.
The desert extends eastward to the Mingsha Mountain ( Whispering Megadunes) in
Dunhuang, westward to the Lop Nur facing the Taklimakan Sand Desert, southward to
the Altun Mountains and northward to the Agike Valley and the Beishan Mountain
ranges. The desert extends for 280 km from east to west and 120 km from north to
south, with a total area of 22 800 km?. The natural conditions are harsh and climate is
extreme dry. The land surface is composed of complicated landforms and diversified
dunes including the unique feather-like longitudinal dunes. Since the 1950s, China has
sponsored and organized several large-scale desert expeditions and ground investigations
in the arid zone but the Kumtag Desert, the fourth largest sand desert covered mainly by
mobile dunes and shifting sands, had remained as the last untouched natural desert to be
fully investigated in a scientific way.

In December 2006, the Ministry of Science and Technology of China formulated and
validated the “Integrated Scientific Expedition of the Kumtag Desert Programme” as one
of nine key research programmes of China National Science and Technology Basic
Research Programmes. Under the leadership of the Chinese Academy of Forestry, in
collaboration with the Chinese Academy of Sciences, Ministry of Education, State
Meteorology Administration as well as other academic and educational institutions of
Gansu Province, in total 150 scientists and experts of geology, geomorphology,
hydrology, meteorology, zoology, botany, pedology, mapping and integration planning
from 18 academic institutions were nominated and invited to form a scientific expedition
team to implement this expedition programme. From June 2007 to December 2009, two
integrated large-scale and multidisciplinary desert expeditions, more than 20 professional
sampling surveys and ground observations were conducted. In total, the team worked
for 150 days in the desert and travelled over 150 000 km.

The expedition team completed not only systematic and integrated scientific
expedition of the Kumtag Desert and filled in the gap of the last unexplored desert in
China, but also gained fruitful results in many scientific research subjects.

(1) On the basis of full knowledge of the formation of Aeoclian landform and its
development principle of the Kumtag Desert, the morphologic characteristics of feather-
like longitudinal sand dune and its formation process are initially proved. According to
the ground observation and field investigation, a classification system of sand dunes
suitable to the Kumtag Desert was developed, in combination of interpretation of remote
sensing images and, as a result, a geomorphology map of the Kumtag Desert was compiled.

A unique Aeolian landform unit, sand-gravel-moraine, developed in the Kumtag Desert,
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was defined and named for the first time and its specific geomorphologic system
interlocking with nearby sand dunes and longitudinal dunes was attentively observed.
On the basis of ground observations, interpretation of remote sensing images, similarity
experiment and laboratory analysis, the feather-like longitudinal dunes, Aeolian
landform is discussed from different points of view at various levels of morphology.
characteristics of wind regime, sedimentation structure, particle gradient and mineral
compositions, spectrum characteristics, particle shape and form. The so-called feather-
like longitudinal dunes are in fact compound or complex linear sand dunes originated
from barchan dunes and they comprise the following elements: (D speedy wind-energy
regime and sharp double-peak pattern wind regime which enables commonly the
formation of the linear dunes; @relatively limited sand sources from sediments; @high
content of non-eroded coarse sands contained in sediments; and @ f{lat underlying land
surface. Several research papers on Aeolian landform characteristics of the Kumtag
Desert were published in Geomorphology and introduced and reprinted online in Nature
(Feb. 6th, 2008) as the latest research highlight in the subject of geomorphology.

(2) The mineral composition and material sources of the surface sediments of the
Kumtag Desert are investigated . The nature of the deposits and the stratigraphy of the
Late Cenozoic Era is illustrated, moreover, a new geological map of the Kumtag Desert
is complied. The minerals of the surface sediments are acquired by analyzing the heavy
mineral and major element of the surface sediment samples of the Kumtag Desert. It was
showen that there was a rich variety of heavy minerals containing mainly epidote and
hornblende. The chemical compositions are mainly Si and Al and, by comparing with the
average chemical compositions of the upper surface of the Earth, there is a high variation
coefficient of the elements of Fe, Mg, Ca, P, Ti and Mn beside the elements of Si and Ca.
The nature of surface sediment composition of the Kumtag Desert is almost consistent with
that of outcrops and alluvial-diluvial deposits on the North foothill of the Altun
Mountains, which shows that the surface sand deposits mainly originated from the Altun
Mountains. The strong northeast wind in the northern part of the Desert blows the
lacustrine sediments of the downstream of Aqgike Valley and the Shule River into the
hinterland of the Desert to form another important sand material source. The sediments
of the Kumtag Desert of the Later Cenozoic Era are mainly composed of lacustrine,
aeolian and fluvial depositions with manifestation of polycycle and phase transformation
variation of the stratum chronology. The geological map of the Kumtag Desert is
complied on the basis of the field investigations and the existed information. We find the
ice wedge deposits in south of the Kumtag Desert that reveal a cold and wet climate in
this region during the late Quaternary.

(3) The chronclogy of the paleo-Acolian sand was essentially determined and the
formation courses and evolution process of the Desert was illustrated. Based on the
analysis of the deposit phase of stratum containing paleo-aeolian sands formed in the
Later Cenozoic Era, in comparison of local stratum, and by chronologizing paleo-aeclian
sands in each stratum by using optically stimulated luminescence (OSL.) and electron
spin resonance (ESR), it is concluded that the Kumtag Desert was formed at least {rom

the Later Miocene Epoch to the Pliocene Epoch. For the first time researchers have
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found sediments of ice melting and ice edge of the Later Quaternary Period, which
illustrates that a cold and wet environment prevailed then. Based on the stratum
chronology dating and the evidence of neo-tectonic movement, large areas of the denuded
Yardang landform in the north of the Kumtag Desert were mainly formed {rom the later
stage of the Meso-Pleistocene Period to the Early Stage of the Later Pleistocene Period.
The formation of the Kumtag Desert is the interactive result of the neo-tectonic
movement of the unceasing uplift of the Qinghai-Tibet Plateau and the long-term climatic
change.

(4) The drainage distribution, hydrological and chemical characteristics of the
Kumtag Desert rivers was thoroughly investigated and the Drainage Evolution Map of
the Kumtag Desert Rivers was compiled. The drainage distribution pattern and evolution
of the Kumtag Desert are the interactive results of river hydrologic processes and land
surface erosion and denudation under the impacts of climate change and human
development activities in accordance with the Qinghai-Tibet Plateau uplift, particularly
the neo-tectonic movement in the Quaternary Period, since the Cenozoic Era. It is found
that, by conducting sample surveys of the modern drainage distribution, discharge and
water quality, the modern drainage of the Kumtag Desert originated from the Altun
Mountains, the Qilian Mountains and the Beishan Mountains ranges and the south-north
oriented rivers, streams, springs., swamps and lakes, which belong to the Hexi
Corridor- Alxa inland drainage system (the Shule River system) and the Tarim inland
drainage system (the Lop Nur). As a result; a Modern Drainage Distribution Map of the
Kumtag Desert was compiled on the basis of these ground investigations. Meanwhile,
the Evolution Map of the Drainage System of the Kumtag Desert Region and the Shule
River Drainage since the Late Stage of the Meso-Pleistocene Period was compiled on the
basis of relative geologic and historic records. In the Kumtag Desert region, spring
water flow and river water flow are commonly insufficient due to dry climate. The water
flows along the streams are gradually increasing before the runoffs flow out the outlet of
mountains. The water flows will be gradually decreased after they flowed into water
supply areas and the suspended sand content in water flow is higher. The chemical
composition of water is mainly impacted by evaporation and concentration and
consequently the mineralization is high and water is light blackish water and blackish
water. The hydrochemistry of natural water is generally chloride-sulphate/sodium-
calcium type.

(5) The formation processes, types and distributive characteristics of soil of the
Kumtag Desert were fully studied. According to China’s classification system of soil
development and the regional characteristics of the study areas, the soil types of the
Kumtag Desert were classified into 34 subtypes of 17 soil types and they fall into 14
subclasses of 9 soil classes, respectively. In the context of soil types and their
distributive characteristics, the zonal soil types of the Kumtag Desert are brown desert
soil and the non-zonal Aeolian sandy soil covers the largest distributive area. The
vertical zonation of soil distribution is significant and there is a combination in micro-
environment of various zonal and non-zonal soil types. In the context of soil {ormation,

development and evolution, the phenomena of wind erosion and sand encroachment are



