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Origin and Character of Loesslike Silt in the
Southern Qinghai-Xizang (Tibet) Plateau, China

By Troy L. Péwé,! Liu Tungsheng,2 Roger M. Slatt,? and Li Bingyuan4

ABSTRACT

Tan loesslike silt of probable late Quaternary age is
widespread in the southern Qinghai-Xizang (Tibet) Pla-
teau® of southwest China. Most of the silt has been re-
transported and occurs mainly in the lowlands and lower
slopes; it is absent from steep slopes and active flood
plains. This loesslike silt covers most alluvial fans and is
interbedded with the sand and gravel of the fans. It is well
exposed in the agricultural fields on low terraces in the
valleys and in the steep-walled scarps of dissected valley
fill. On low hilltops the silt is primary loess, probably de-
posited by winds that picked it up from broad vegetation-
free flood plains and perhaps from dry lake basins to the
north. In the lowlands, most of it is retransported loess
that has been carried downslope and redeposited by water.

The primary loess is as thick as 6 m on hilltops or
high flanks of hills and as thick as 10 to 15 m on the
lower slopes. The thickest deposits are near the rivers in
valley bottoms, where they develop vertical cliffs as high
as 15 m.

The texture and mineral composition of the primary
loess is relatively uniform; however, the retransported
loess varies widely in texture. The silt is clay rich to sand
rich, and some is even gravel rich, depending on how near
the original loess source was, on the distance of retrans-
portation, and on the amount of mixing with other sedi-
ments by fluvial action. The silt is massive, and erosion

! Present address: Arizona State University, Box 871404, Tempe,
AZ 85287-1404, US.A.

2 Institute of Geology, Academia Sinica, P.O. Box 634, Beijing,
100029, People’s Republic of China.

3 Colorado School of Mines, Golden, CO 80401, U.S.A.

4 Institute of Geography, Academia Sinica, P.O. Box 771, Beijing,
100101, People’s Republic of China.

5 The term for the Tibet Plateau that is approved by the U.S. Board
on Geographic Names is “Qing Zang Gaoyuan”. However, the term
“Qinghai-Xizang (Tibet) Plateau” is most widely used in international
scientific English-language publications and is used in this report.

Manuscript approved for publication May 18, 1994,

forms vertical cliffs and deep gullies. It has little or no
stratification or jointing, except where it has been retrans-
ported to lower slopes and valley bottoms where it is well
to poorly stratified.

The few fossils that have been found in the loesslike
silt on the plateau include Quaternary pollen, ostracodes,
gastropods, and vertebrate teeth and bones. They reflect a
dry cold area with a few ponds or marshes.

Through the years, the origin of the loesslike silt on
the plateau has been ascribed to in situ weathering of re-
sidual country rock as well as to lacustrine, fluvial, or eoli-
an processes. The weathering or residual hypothesis has
little support. The lacustrine hypothesis, either separately
or in conjunction with fluvial processes, has been consid-
ered since the late 1970’s and the 1980’s. The eolian proc-
ess was first proposed in the 1980’s.

Since the early 1930’s the loesslike silt has been de-
scribed as a residual deposit formed by the breakdown by
freezing and thawing of the underlying rocks. However,
the silt bears no chemical, mineralogical, or textural rela-
tion to the underlying strata, and it is too thick to represent
only a breakdown of rocks in place.

The most common explanation in the literature for
the origin of these thick deposits of loesslike sediments,
especially in valley bottoms, is by lacustrine processes.
This origin is unlikely, however, because no shorelines,
wave-cut beaches, deltas, mud cracks, or ripple marks have
been found in the silt deposits. Neither lacustrine stratifica-
tion nor an appreciable amount of clay exists in the silt.
Moreover, the deposits have no definite upper boundary, as
would be expected if they were lacustrine in origin.

The mantle of uniform loesslike silt on top of the
bedrock hills is here considered to be primary loess, wind-
blown and derived from the braided streams and broad
plains, because (1) it occurs as a surficial mantle; (2) it is
lithologically independent of the underlying material; (3)
the fine silt is stratified indistinctly or not at all, except in
retransported materials; (4) it is associated with sand
dunes in a broad wind-blown area; (5) it contains fossils
of land animals; (6) its sorting and texture on hilltops is
similar to that of loess and windblown dust in many other
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places in the world; and (7) its grains are angular and rela-
tively unweathered. The thick mantle of poorly to well-
stratified loesslike silt on the lower slopes and along the
bottoms of major river valleys, however, is retransported
loess. It has been transported from a few meters to hun-
dreds if not thousands of meters down slopes, primarily by
processes involving water; consequently, it has become in-
terlayered with sand or with gravel. Almost all of the
loesslike silt in the southern part of the Qinghai-Xizang
(Tibet) Plateau is retransported loess.

&

EYRBEHRGERDRALSZ9FEEREHH LB,
LHRATRHREREDL., ENASH-RENKE, BRTER. K
BARXSEAFAL, FERBROTHLE, TEFLRER
EABBERIRGRE BRI GH AR DR Lk Tk, A&
LEMTRHE, ENUARLRAKLAMXER, AHATHERAE
FAHE B LR F BRI THA.

BAKk L6 BE KL LG RRFH Liken, /A Myikl0m.
EREAFTAREG ALK, &l5n, AAHBAELARE.

BAhLymARBARAYH—, MAEARLOHEE TR
BX, ABSLEHNTRLEERERA, PERARRETHBGZE.
BMEGEEADARKEMHAIAGLTCRAHE S Y, XEg L
SHhik, HEMEHARSE, —BALEAE, EARTHEMA
HERFGBAHREXR LM ERRIANEGEE.

BREXLTHEORALRY, AR, AH R, HAXRH
LS FEfkl, RRTAFLAFRTH S ERRFBE.

R, TEREXLIRAPOXBAEFTRAAE, AARSAKR
WRALH K, LHEALYEHAR. PERIARGUEAF L. BRI
BRAETHETTIOFRRN, F80F N B LI T AL,

2 E0FR, REFEIREIBAARGTRELGERAHAR
BaHk. EXRABREETFAL, BAENAELX, E5THRR
ERBIE. #HALEAXRLEGHKE.

BHANS, BERESHKLERLE, LABRBTHEARY
54t AL, EARHTEEMER), BARNKLAERE
ERNEAE. EAAIZAM, LEAATERLEREFAARE.
ERAXERAELHESE., AHEAFLALTEAHNHRAY.
tot, BERPPLERHNBARTHEEG AW LR,

EMNKA, MRAHBXA T TRAL ARG HAORLERLR
BARZK|L, AU AABRTFHIHTESAARER, BH: (1)
CMUABE LGB ER; ) £HETRRELEE; O BAR
EHN, XBEHSAEBEREEREAW; () RRAPLEEE; (B
FALEAREDIIE; ) AraHAAREHRERHEL
i () AP mBaig Ak, ARMLRE. ALE FHME
TERBGETAAMELEF RIS AXAREN KL, KiE
EETAILASLER, AETFATLHUHE. EFEABHERDK,
LIRS R LR ERAARESG L.

INTRODUCTION

China is well known for some of the most extensive
accumulations of loess in the world. Loess is one of the
most extensive Quaternary deposits of the country, covering
about 1,000,000 km?, or about 10 percent of China. Al-
though most of the loess is in north-central China, it is also
widespread in the northwestern and northeastern parts of the
country (fig. 1). The earliest known description of Chinese

loess appears to be more than 2,300 years old (Liu and
others, 1964, p. 10); the earliest known record of the ubig-
uvitous dust storms from the deserts was a so-called “dust
rain” that occurred in 1150 B.C. and is documented in the
historical book, Zhu Shu, Ji Nian (Chronicles Recorded on
Bamboo Slips) (see Liu, 1981). Characteristics of Chinese
loess and diverse ideas of its origin have been known out-
side of China since the explorations of Raphael Pumpelly
(1867, 1879), Baron Ferdinand Paul Wilhelm freiherrn von
Richthofen (1877, 1882, 1886), and Bailey Willis, Eliot
Blackwelder and R.H. Sargent (1907).

However, even on recent maps showing loess distri-
bution in China (Wang and Zhang, 1980; Liu and Yuan,
1982; Wang and Song, 1983; Liu and Ding, 1984; Liu
and others, 1985, 1988; Liu, 1981, 1991), no loess is
shown on the Qinghai-Xizang (Tibet) Plateau on a recent
map of China (fig. 1). Lack of knowledge of detailed geo-
logic reports of the plateau can be attributed to the geo-
graphical and political remoteness of this region, often
called the “Roof of the World,” that is rimmed by even
higher mountains. This unique environment has an isolat-
ed civilization that was relatively unchanged until the
1951 occupation by Chinese from the east. Since the
1950’s, China has organized seven multidisciplinary inte-
grated surveys to the Qinghai-Xizang (Tibet) Plateau.
More than 50 disciplines, represented by more than 1,600
scientists and technicians from Academia Sinica have
made very informative studies, and 32 volumes of reports
have already been published. Yet much, if not most, of
these efforts were unknown outside of China until the
landmark international symposium on the geological and
ecological studies of the Qinghai-Xizang (Tibet) Plateau
was held in China in 1980 (Liu, 1981; Péwé, 1980a, b,
1981; Reiter and Reiter, 1981; and Sengor, 1981). Aca-
demia Sinica arranged this historic symposium that in-
cluded a field study trip to the Qinghai-Xizang (Tibet)
Plateau. Of 79 scientists from 18 countries who initially
met with 240 Chinese scientists in Beijing, 66 participat-
ed in a stimulating 2-week trip through the southern part
of the plateau and traveled 1,000 km to Nepal.

This field trip followed and crossed broad, vegeta-
tion-free flood plains and sand dunes on the valley bot-
toms and low hillsides that are quite striking in the
southern part of the Qinghai-Xizang (Tibet) Plateau. It
soon became apparent to Liu and Péwé that the wide-
spread yellowish loesslike sediment was undoubtedly re-
transported loess because (1) it covers some alluvial fans
and is interbedded with the sand and gravel of the fans,
(2) it is well exposed in agricultural fields in the valleys,
and (3) it forms thick steep-walled terrace scarps in dis-
sected valley fill. Winds probably blew it there originally
from the sand and silt bars of the broad rivers and perhaps
from dry lake basins to the north. The geologic guidebook
of the area (Academia Sinica, 1980) does not mention
loess but does mention thick lacustrine deposits.
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We saw small valleys as wide as 1 km that had
slowly filled to a thickness of 30 m or more with retrans-
ported loess. These valley fills had subsequently been dis-
sected by streams rejuvenated by uplift, probably in
Holocene time. Slow aggradation and interlayering of re-
transported loess with some fluvial sand and locally fine
gravel has created nearly flat surfaces on the old valley
floors that now stand above valley flood plains as buttes or
mesas, 15 to 30 m high, with almost vertical walls. These
landforms are common at Xigaze and also at Turpan,
1,500 km to the north, for example.

As silt accumulated locally in valley bottoms, remains
of the extant flora and fauna were incorporated. Sandy prima-
ry loess accumulated on low hills next to the rivers and is
interfingered downslope with coarse sediments. Péwé col-
lected sediment samples and associated fossils in Yangbajain
Basin north of Lhasa, in the vicinity of Lhasa, and southwest-
ward through major valleys, high passes, and mountain rang-
es to Gyangze on the middle Nyang Qu and to Xigaze near
the junction of the Nyang Qu and the Yarlung Zangbo (fig. 3,
table 1). Detailed collections and observations were made
near Xigaze. Sediments, topography, and geomorphology

7 7 T T T T T T T T T T \y
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~5S0°N
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V(e W
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Figure 1. Distribution of loess in China and location of Qinghai-Xizang (Tibet) Plateau. Loess data from Liu (1981); Liu and
others (1985). Retransported loess data from Wang and Song (1983), Mu Guijin (oral commun, 1986), and Péwé (1987).
From Péwé and others (1987) and reproduced with permission of China Ocean Press.
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were studied along the wide Yarlung Zangbo for about 60 km
downstream from Xigaze and then westward to Lhaze and
Tingri, where loesslike silt was seen. From Tingri, data were
collected south to the Nepal-China border. Péwé left the
group at Zham, exiting to Nepal. Liu and Li collected more
samples at Xigaze and near Lhasa on their return trip to
Beijing. For comparison with silt from the Qinghai-Xizang
(Tibet) Plateau, typical loess deposits were examined and
sampled by Péwé near Heidelberg, Germany (near the site
where the term “loess” originated), and were analyzed in the
same laboratory as samples from the plateau. To more fully
understand the characteristics and distribution of the wide-
spread retransported loess in China, Péwé also examined and
collected samples of such deposits at Harbin (fig. 1) in
northeast China in 1984 and 1986 and in Xinjiang Uygur
Autonomous Region (fig. 1) from Turpan to Kuga on the
south side of the Tian Shan in 1986 (Péwé, 1987) and near
Uriimgi in 1982. Li also made observations of the loesslike
silt deposits in the southern part of the Qinghai-Xizang
(Tibet) Plateau during the summers of 1974 and 1975.

In the summer of 1991, Péwé was a leader on a geo-
logic field study trip of the International Union for Quater-
nary Research (INQUA) XIII International Congress,
from Lanzhou across the Qinghai-Xizang (Tibet) Plateau
through Qinghai Province and then south to Lhasa and to
Nepal (fig. 1). The first week permitted observation of
loess 1 to 2 m thick in the valleys of the northern part of
the plateau. The last 5 days from Lhasa to the Himalayas
allowed a reexamination of retransported loess along the
same route of the 1980 geologic trip of Péwé, Liu, and Li.

Detailed examination was made of retransported
loess by the international group of loess scientists at the
south side of Xigaze, site of detailed observations and
sample collections in 1980.

After discussions and collecting of silt and fossils by
participants, it was the belief of the visiting loess experts
that the loesslike silt was typical retransported loess.
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PHYSICAL SETTING
PHYSIOGRAPHY AND GENERAL GEOLOGY

The Qinghai-Xizang (Tibet) Plateau is a unique
landform of the Earth, averaging more than 4,000 m in
elevation and covering an area of 2,400,000 km?, almost
one-quarter of China’s territory. It is bounded by moun-
tains on all sides: the Kunlun Shan on the north; the tow-
ering, glacier-clad Himalayas on the south; the Karakorum
Shan on the west; and the Hengduan Shan on the east
(fig. 2). Most of the plateau lies in the Xizang Autono-
mous Region (1,200,000 km?); one-quarter is in the Qing-
hai Province, and the rest is in adjacent provinces (fig. 1).
The former political entity of Tibet coincides territorially
with the present Xizang Autonomous Region, which con-
stitutes part of southwestern People’s Republic of China.

Most of the plateau is an arid, almost treeless, wind-
swept landscape at elevations of 3,500 to 7,200 m. The
complex of mountain ranges, broad valleys, and rocky
plains is liberally strewn with shrinking lakes (Chen, 1986;
Chinese Academy of Sciences, 1974, p. 80) of varying de-
grees of salinity containing as many as 46 kinds of salt
minerals (Gao and Li, 1981). The area is sparsely occupied
by Tibetan nomads. The populous cultivated valleys in the
south and southeast part of the plateau lie below 4,000 m
elevation. At the lower elevations and in local areas of allu-
vium and retransported loess, slightly greater precipitation
permits a limited amount of agriculture.

The Yarlung Zangbo valley in the south (fig. 3), to-
gether with its tributary valleys, is the heartland of Xizang
Autonomous Region. For centuries it was part of the
major ancient trade routes from Europe, India, China, and
central Asia. Lhasa, the capitol, formerly was also the resi-
dence (frontispiece) of the Dalai Lama, who headed the
religious civil government of Tibet. Major centers of pop-
ulation, other than Lhasa, are Xigaze and Gyangze south-
west of Lhasa (fig. 3).

The southern part of the plateau south of the Gangdese
Shan (fig. 2) and Nyaingentanglha Shan (fig. 3), includes the
Yarlung Zangbo, Pum Qu and Nyang Qu systems. Many
major lakes exist, some without outlets (fig. 2). This part of
the plateau is bisected from east to west by the Yarlung
Zangbo valley; (fig. 3), which is dotted with as many as 600
geothermal fields, such as the one in figure 4.

It has long been believed that the great elevation of
the Qinghai-Xizang (Tibet) Plateau and the Himalayas is the
result of shifting continental plates, as the northward-mov-
ing Indian plate from the south collides with and slides under
the Eurasian plate to the north (Argand, 1924; Molnar,
1989). An ophiolite belt along the Yarlung Zangbo, 3 to
15 km wide, separates the two plates along this major tec-
tonic suture (Academia Sinica, 1980; Kidd and others,
1988). To the north the continental crust is about 70 km thick
in what is termed the Gangdese-Nyaingentanglha Tectonic
Zone (cover, fig. 3), or Northern Xizang Structural Area
(Chang and Pan, 1981, fig. 2); to the south the crust is about
50 km thick in what is called the northern part of the Hima-
layan Tectonic Zone (fig. 3). Uplift began in early Miocene
time (Sorkhabi and Stump, 1993), was strongest near the end
of the Pliocene, and extended into the Pleistocene. For the
past 100,000 years, the average rate of uplift has been about
10 mm per year (Liu, 1981, p. xix). Mt. Everest (Qomolang-
ma Feng), the highest mountain in the world (8,848 m),
straddles the crest of the Himalayas on the southern bound-
ary of the Xizang Autonomous Region (figs. 2, 3).

North of the ophiolite belt, Cretaceous andesites,
shales, and sandy conglomerates are more than 400 m
thick. North of these rocks is a large, east-west belt of
granodiorite and granite; the granite intrudes Triassic and
Jurassic sandstones, shales and limestones. South of the
Yarlung Zangbo, a wide belt of Triassic clastic rocks is
predominantly turbidites. Near Xigaze an extensive east-
west belt of predominantly medial to distal Cretaceous tur-
bidites includes some black shales and limestones. The
lower Lhasa He flows through a granitic belt of the North-
ern Xizang Structural Region (cover photograph) that is in
local contact with Triassic and Jurassic clastic rocks or
limestones. Small hills rise about 100 m above the valley
floor near Lhasa, and the magnificent monastery and former
home of the Dalai Lama, Potala Palace (frontispiece), is
built on one of Jurassic clastic rocks and limestone.

Mountains on the plateau and rimming it host most
of the nearly 30,000 glaciers of China (Shi and others,
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Figure 2. Landform map (A) and index map (B) of western
China showing location of Qinghai-Xizang (Tibet) Plateau and
features of Xinjiang Uygur Autonomous Region, Xizang Autono-
mous Region, and parts of the Qinghai, Sichuan, and Gansu
Provinces. Landform map is part of “Landforms of China,”
(copyright by Erwin Raisz, 1955, and reprinted with permission
of Raisz Landform Maps, P.O. Box 773, Melrose, MA 02176).
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Index map by S.M. Mayfield. Names on landform map are Eng-
lish equivalents of those in use when map was prepared. Names
on index map include many used in this report. (U.S. Board on
Geographic Names approved “Qing Zang Gaoyuan” as the name
for the Tibet Plateau; however, the term “Qinghai-Xizang (Tibet)
Plateau” is most widely used in international scientific English-
language publications and is used in this report.)

















































































FOSSILS IN LOESSLIKE SILT
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Figure 30. Cumulative-frequency grain-size curves (short dashes where projected) for retransported loesslike silt in
southern part of Qinghai-Xizang (Tibet) Plateau, China. Clay-size grains have been incorporated during retranspor-
tation, so curves are not typical of those for primary loess. (See figs. 3 and 34 for sampling sites.)
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Figure 31. Cumulative-frequency grain-size curves
(short dashed where projected) for samples of loess
flanking or on top of bedrock knobs near the Yarlung
Zangbo (Nos. 3, 4) and loesslike silt (No. 6) in agricul-

tural field near toe of low-angle silt fan, Xizang Auton-
omous Region, China. Curves are similar to those of
primary loess. Dots are data points. (See figs. 3 and 34
for sampling sites.)
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Figure 32. Cumulative-frequency grain-size curves (short dashed where projected) for clay-rich retransported
loess, south-central Qinghai-Xizang (Tibet) Plateau, China. Many clay-sized grains have been incorporated during
fluvial retransportation. (See figs. 3 and 34 for sampling sites.)

100

TTT T 1 ===
o0 L] EXPLANATION - -+ - 7

Sample No. L~ )
2 1 /4/

g0 ~——— 10 4

—_——— 12 /1 L
70 - d ./

/

60 Y A

50 /

40 / ]

30 )’f

) 1/
77

10 A P4

,
-
0.5

CUMULATIVE FREQUENCY, IN PERCENT

0

1.0 0.1 0.05 0.01 0.005 0.001  0.0005 0.0001

DIAMETER, IN MILLIMETERS

Figure 33. Cumulative-frequency grain-size curves for samples of eolian (No. 10) and fluvial (Nos. 2, 12) sand,
south-central Qinghai-Xizang (Tibet) Plateau, China. Dots are data points. (See figs. 3 and 34 for sampling sites.)
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mollusca, mammals, and birds, and samples for study of
pollen and ostracodes from this site. In 1991, Péwé led

of the 13th Congress of International Union for Quaternary
Research (INQUA) to this site, and many of the scientists

participants of the Qinghai-Xizang (Tibet) Plateau field trip

collected mollusca fossils.
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Figure 34. Valley of Yarlung Zangbo and vicinity, south-central
part of Qinghai-Xizang (Tibet) Plateau, China, from Lhasa to
Tingri, showing sites of sediment samples 1 to 10 (white cir-
cles). (See fig. 3 for geographic details.) A. Generalized geologic
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rite. Quaternary sediments shown in black. C, Weight-percent-
age estimates of major minerals in sand and loesslike silt
samples. Q, quartz; F, feldspar (orthoclase and plagioclase); C,
carbonate minerals (calcite and lesser dolomite). Quaternary
sediments shown in black.



36

POLLEN

Palynological research on loess of China began in
the 1950’s (Zhou and others, 1960) in the north-central
part of the country and is now actively being pursued (Liu
and others, 1985 p. 84-92). Pollen studies in the Qinghai-
Xizang (Tibet) Plateau are not numerous, however. Huang
and Ji (1981) and Wang and Fan (1987) report pollen in
Holocene sediments near lakes in south Xizang Autono-
mous Region. Holocene peats have also been examined
(Academia Sinica, 1980, p. 43-44; Wang and Fan, 1987,
p- 50-52).

Huang Cixuan identified 25 types of pollen in seven
sediment samples from the site above the highway on the
south side of Xigaze in 1980. Her methods follow and her
count and identifications are shown on figure 36.

METHODOLOGY

Samples of 100 to 200 grams were boiled for 1 to 3
minutes in a 5-percent solution of sodium hydroxide. After

LOESSLIKE SILT IN THE SOUTHERN QINGHAI-XIZANG (TIBET) PLATEAU, CHINA

washing to neutral with distilled water, the samples were
treated with dilute hydrochloric acid to dissolve the calci-
um carbonate. After again washing in distilled water, the
samples were centrifuged in three different heavy liquids:
Densities 2.3, 2.1, and 2.0. The remaining heavy material
was diluted with three to five times its volume of acetic
acid, then washed with distilled water. Next, the material
was treated with a mixture of one part sulfuric acid and
nine parts acetic acid and then washed with distilled water
to neutral.

RESULTS

Analyses revealed few pollen, except in samples 12
and 16 (figs. 27, 36). Woody species make up less than 10
percent of the total pollen, and herbaceous species make
up more than 90 percent; the latter are rich in Ranuncu-
laceae and Artemisia (fig. 36).

These pollen, particularly Ephedra, Artemisia, Che-
nopodiaceae and Palygonaceae, suggest a dry-cold steppe-
like condition. However, several pollen types including
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Figure 35. X-ray diffractograms of bulk and <0.005-mm
fractions of loess sample 3 (A, C) and sample of underlying
bedrock of volcaniclastic sandstone and lithic tuff (B, D)
from rock knob 15 m high at junction of Nyang Qu and

<0.005-mm FRACTION OF SAMPLE

Yarlung Zangbo, Xizang Autonomous Region, China. Ca,
calcite; Ch, chlorite; D, dolomite; |, illite; PI, plagioclase;
Pu, pumpellyite; Q, quartz. (See figs. 22, 25 for sampling
sites.)
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er, is typical of any transported sediment, including the
loesslike silt.

(7) Some forms of life would have existed in these
lakes. So far as we are aware, no lacustrine fossils such as
fish have been found in the silt, although gastropods, os-
tracodes and pollen occur. Most of the pollen suggests an
origin in meadows and small ponds, not in large deep
lakes. The ostracodes indicate the same environment. The
gastropods indicate mainly shallow ponds and marshes,
probably on very gentle slopes, low terraces, and flood
plains; they are not characteristic of large lakes.

(8) Land fossils would be absent or scarce in lacus-
trine deposits. The few mammal remains found in the silt
indicate a land environment. In the thick loesslike silt de-
posits at Xigaze, the bones of four different birds and two
different rodents that were found indicate an environment
of small ponds and marshes, not a large lake.

(9) Mud cracks and ripple marks would be expected
in lacustrine silt, but none have been observed in the
loesslike silt.

All but cne of these features that are characteristic
of lacustrine deposits are contrary to the observed nature
of the loesslike silt. The one feature (sample 6) that is
consistent is typical of deposits transported by any mecha-
nism. The observed characteristics of the silt in the south-
ern part of the Qinghai-Xizang (Tibet) Plateau cannot be
explained by the lacustrine hypothesis.

EOLIAN HYPOTHESIS

Scientists with the Qinghai-Xizang (Tibet) Plateau
expeditions in the 1970’s referred to some of the silt on
and in the fans flanking the lower parts of the mountains
and in valley bottoms in the southern part of the area as
loesslike deposits (Zhao and others, 1976; Li and others,
1983). The first published suggestions that the silt was re-
transported loess probably were by Péwé (1980 a, b, 1981)
and Péwé and others (1981, 1985, 1987). This study of the
silt in the southern part of the Qinghai-Xizang (Tibet) Pla-
teau, and our comparison with similar deposits elsewhere
in China and other parts of the world, supports the identi-
fication of the deposits as loess and retransported loess.

Features and characteristics of eolian-deposited silt
fall into three groups: field relations, mechanical composi-
tion, and petrographic character (Smith and Fraser, 1935).

FIELD RELATIONS

TOPOGRAPHIC DISTRIBUTION

As clearly stated by Barbour (1930, p. 468), in refer-
ence to the loess of central China, the mantle of loess
“conforms closely to the general contouring of the buried

preloess topography, filling up the gullies, covering the
minor elevations, lying deepest in the depressions and
thinning-out up the flanking slopes of the higher ridges.”
The loesslike silt in the Qinghai-Xizang (Tibet) Plateau
occurs as a surficial mantle and fits Barbour’s description.
It is thin on top of low hills, is thicker on the flanking
fans, and reaches maximum thickness in the broad valley
bottoms. A thin veneer of the silt remains on the rather flat
passes or highlands where it has not been removed by
down-slope processes.

INDEPENDENT LITHOLOGIC CHARACTER

Wind-deposited material usually differs mineralogi-
cally and texturally from the underlying material. In the
southern part of the plateau, the loesslike silt covers sand
and gravel, glacial till, and various types of bedrock. The
fine texture of the silt contrasts strongly with the texture of
the underlying material. Petrographic study of samples
from the silt and bedrock at the knob at Xigaze, and at the
limestone hill 50 km downstream from Xigaze, indicates
mineralogical differences between the silt and the underly-
ing bedrock.

ABSENCE OF DISTINCT STRATIFICATION

One characteristic of loess is the absence of distinct
stratification in silt on top of hills. Within the study area,
the loesslike silt on top of hills also lacks stratification.
However, transportation of the silt from the slopes to the
alluvial fans and to the valley bottoms produces poor to
well-developed stratification, especially if interbedded
with sand or gravel layers.

COLOR AND TEXTURE

Wind-deposited silt is generally light colored and
stained by moving ground water or carbonaceous inclu-
sions; the texture is generally uniform. In loess away from
a river or not on slopes or valley bottoms, clay makes up
no more than 10 to 15 percent of the sediment. The loess-
like silt in the study area is comparable to loess elsewhere
in the world, except that much of it is interbedded with
sand and gravel.

ASSOCIATION WITH OTHER EVIDENCE OF WIND ACTION

Smith and Fraser (1935, p. 19) state that sand dunes
and ventifacts may be expected near the source of material.
The plateau is conventionally referred to as a wind-swept
area and a land of blowing sand and dust. Inhabitants have
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long been aware of these conditions, and early western ex-
plorers remarked about the “raving wind,” “wind roaring
over the sandbanks,” “perpetual harassing blasts,” and “ruth-
less winds” (Ward, 1926). Two French Vincentian mission-
aries to Lhasa in 1896 bitterly complained of the terrible
north wind that lasted 15 days and menaced them with
distraction (Huc and Gabet, 1928, v. 2, p. 147-148). A pro-
fessor of Oriental language from London, entering Tibet in
disguise in 1923, remarked of the effect of the wind on the
Yarlung Zangbo “* * * so strong was the wind in the opposite
direction [of the flow of the river] that its blasts on the river
made it seem as if the water was flowing backward and
uphill; in fact, so strong was the illusion that [the natives]
thought it to be real and bowed down in worship of a supposed
miracle.” (McGovern, 1924, p. 285-286). Early western ex-
plorers also commented on the presence of immense sand
dunes, especially in the Zangbo corridor (Rawling, 1905).
Various types of dunes, especially climbing dunes (cover
photograph, fig. 16), occur along the broad, gravel-floored
valleys of major streams (Zhao and others, 1976, p. 6; Wang
and Fan, 1987; Reiter and Reiter, 1981). David-Neel (1927,
p. 299-300) commented about invading sand in 1923:

Quite near Lhasa, on the left bank of the Brahmaputra
[Yarlung Zangbo], one finds a miniature Sahara whose ex-
tensive white dunes are invading the whole country* * *,

* * * In spite of a ridge which stood in their way, the sands
have taken a firm footing in the Kyi Valley, and though still
shallow on that side, their fine dust is beginning to accumu-
late along the hedges which border Norbu ling, the pleasure
garden of the Dalai Lama. It may possibly be that in a few
generations Lhasa will be reached. Who knows whether, in
a still more distant future, some savant, excavating the en-
tirely submerged city, may not discover the Potala and the
Jo Khang, just as we now lay bare the palaces and temples
which the sands of the great Gobi have overwhelmed* * *,

On our way * * * there were a few more villages whose fields
are gradually disappearing beneath the mounting sands.

These dunes are evidence of eolian action still active
on the almost vegetation-free flood plains (figs. 13, 15).

Bare sand-and-gravel bars of the braided streams
(cover photograph and figs. 12-14) also provide an excel-
lent source area for enormous clouds of blowing dust that
are common in late winter, spring, and early summer. A rare
photograph of clouds of dust beginning to form on the bare
flood plain of the Lhasa He near Lhasa in 1954 is illustrated
by Sis and Vanis (no date, pl. 50). The duststorms range
from a “maze of dancing dust devils” (Ward, 1926, p. 43)
to “huge black clouds approaching rapidly” (Harrer, 1953,
p. 163). Harrer further states (1953, p. 163) that in Lhasa,
‘*k * * the Potala Palace disappears and at once everyone
rushes for home. Street life stops.” and (p. 316) that the
departure of the Dalai Lama from Lhasa to India on March
19, 1959, occurred during a notorious sandstorm and dust-
storm that immobilized Lhasa in the early evening.

Commenting further in this vein, Alexandra David-
Neel (1927) reported that she became the first foreign
woman in Lhasa in 1923 when an immense dust storm
permitted her to enter the Forbidden City undetected as
she states (p. 256-257):

All of a sudden a furious storm arose, lifting clouds of dust
high into the sky. I have seen the simoon in the Sahara, but
was it worse than this? No doubt it was. Yet, that terrible
dry lashing rain of dust gave me the impression of being
once more in the great desert.

Indistinct forms passed us, men bent in two, hiding their
faces in the laps of their dresses, or whatever piece of cloth
they might happen to have with them.

Who could see us coming? Who could know us? An im-
mense yellow curtain of whirling sand was spread before
the Potala, blinding its guests, hiding from them Lhasa, the
roads leading to it, and those who walked upon them. I in-
terpreted it as a symbol promising me complete security,
and the future justified my interpretation. For two months, 1
was to wander freely in the lamaist Rome, with none to
suspect that, for the first time in history, a foreign woman
was beholding the Forbidden City.

“The gods threw a veil over the eyes of his adversaries and
they did not recognise him.” So went an old Thibet’s tale
which I had heard long ago.

Present day reports support these early views (Han,
1979, p. 166):

The wind. A blinding, laceration blizzard of sand and stone,
and the whole world destroyed by this maelstrom of small
pebbles whirling in the choking air. Lips, hands and face
are flayed. The turquoise sky, the white houses, even the
Potala, are no longer, all swallowed in a yellow opaqueness
which is the wind * * *_ For three days the wind blew, and
no planes came * * * Then, relief. With the night the wind
abates though an overhang of sand [dust] will remain in the
air for another day or more. In the past, the lamas * * *
blew long silver trumpets to compel the wind away.

In the absence of silver trumpets, similar or larger
clouds of dust in late Pleistocene times undoubtedly de-
posited silt onto the slopes of the hills and mountains
(cover photograph). Many workers have demonstrated that
no more wind is necessary to blow that dust than is
present today, as winds of 20 m/s are more than strong
enough to bear quantities of dust in both periglacial areas
and hot desert areas (Bryan, 1927, p. B39-B40; Péw¢,
1951; Warn, 1953; Péwé and others, 1976, 1981b). If there
were larger source areas than today in late Pleistocene
time, such as wider unvegetated flood plains of braided
streams, from more extensive glaciated areas (Shi and oth-
ers, 1993, fig. 3; Li and Li, 1991), wind-blown dust must
have been abundant. In fact, Feng and Thompson (1989)
and Zhang and others (1991) state that silt from the north-
ern part of the Qinghai-Xizang (Tibet) Plateau may have
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blown eastward to the great loess plateau of central China
north of Xian (fig. 1) during Pleistocene time.

FOSSILS OF AIR-BREATHING ANIMALS

Fossils of air-breathing animals should logically be
expected in the silt if the material is eolian. Late Pleisto-
cene vertebrate fossils recorded in the loesslike silt in
the southern part of the Qinghai-Xizang (Tibet) Plateau
(Huang, 1980) include remains of horse, bison, and other
mammals. Bones of two types of rodents and four types of
birds were found in the loesslike silt near Xigaze. The
preservation of many of the specimens shows very little
evidence of transportation.

Although land gastropods are well known from loess
in central China, none are reported in the loesslike silt in
the southern part of the Qinghai-Xizang (Tibet) Plateau.
Nevertheless, Succinea representatives live in the area
today. Russell (1944, p. 34) regarded land gastropods as
being characteristically present in loess. However, land
gastropods have not been found in some U.S.A. loess in
the upper Mississippi River valley or in most of the loess
in Alaska (Péwé, 1955, p. 720-721).

MECHANICAL COMPOSITION

In loess, the grain-size and degree of sorting is simi-
lar to that of windblown dust or volcanic ash that has been
transported a considerable distance (Udden, 1898, p. 31—
60; Swineford and Frye, 1945, p. 252; Warn and Cox,
1951, p. 559; Péwé, 1955, fig. 11; Péwé and others, 1976).
Some of the material on the Qinghai-Xizang (Tibet) Pla-
teau is similar to silt known to be loess. Cumulative-
frequency grain-size curves of mechanical analyses of
windblown dust from Arizona, Kansas, and Germany are
similar to those of loesslike silt from the top of a bedrock
knob (sample 3) and from other localities in the plateau,
where the silt is near the river (sample 4) or is slightly
retransported (sample 6; fig. 39).

Samples 3, 4, and 6 from the southern part of the
plateau were compared with samples from deposits of
silt of known eolian origin from elsewhere in the world
(fig. 40). The great similarity of grain size and degree of
sorting between the samples constitutes a strong argu-
ment for the eolian hypothesis. Cumulative-frequency
grain-size curves of that loesslike silt from near Xigaze
are compared with curves of known loess samples col-
lected from Beijing, New Zealand, Alaska and Illinois in
the U.S.A., France, the former Czechoslovakia, Siberia,
and Uzbekistan. The sample of loesslike silt that has
been retransported (sample 6) is mixed with different
sediment sizes and bears less resemblance to primary
loess.

PETROGRAFPHIC CHARACTER

Angular grains have long been considered typical
of loess (Barbour, 1925a, fig. 1; Twenhofel, 1932; Char-
lesworth, 1957), and scanning-electron-microscope anal-
ysis supports that assumption (Cegla and others, 1971;
Pye, 1987). Silt grains from the Qinghai-Xizang (Tibet)
Plateau are clearly angular, especially light minerals
such as quartz. Loess grains probably should also be
largely unweathered, and clay minerals among them
should be largely unweathered (Smith and Fraser, 1935;
Charlesworth, 1957), although the degree of weathering
would depend on the age and rate of deposition of the
sediment and the effects of diagenetic processes. The
loesslike silt from the plateau, like upper Pleistocene
loess from other parts of the world, is relatively fresh
but shows some weathering under the scanning electron
microscope.

SUMMARY

The characteristics of loesslike silt in the Qinghai-
Xizang (Tibet) Plateau and the similarity between it and
primary loess support the eolian hypothesis. In the light of
this evidence, we conclude that the unstratified loesslike
silt on top of bedrock hills of the plateau is primary loess,
and that the poorly to well-stratified loesslike silt on the
lower slopes and in valley bottoms of the major river val-
leys is retransported loess.

RETRANSPORTED LOESS

Very little of the loesslike silt in the southern part of
the Qinghai-Xizang (Tibet) Plateau is primary loess; most
of it is called *retransported loess” in this report. The re-
transported loess has been transported a few meters to
hundreds, if not thousands of meters downslope, primarily
by processes involving water. It is poorly to fairly well
stratified and is intercalated with sand-and-gravel layers.
With increasing distance from the hills and mountains, the
sand, gravel, and other detritus became finer, and the num-
bers of layers of coarse sediments also decrease.

Retransported secondary loess is not unique to this
area; it is widespread in the world, especially in areas of
hills and mountains. Andersson (1923, p. 129) reported
such deposits from central China many years ago and used
the term “redeposited” loess:

In many valleys within the loess areas there are deposits of
loess interstratified with gravel and occurring under such
conditions that they must evidently be regarded as repre-
senting later depositions derived from the genuine loess.
They are valley deposits of very limited extent with rapid
and irregular changes of the stratification. Thick beds of
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gravels suddenly appear, and the gravel component of these
deposits is far more abundant than is the case in the genu-
ine loess. Everything goes to show that in the formation of
the secondary loess-gravel beds water action has been the
dominant factor and the wind has played only a very subor-
dinate role. I call these deposits Redeposited Loess in order
to distinguish them from the genuine Primary Loess.

Such secondary loess deposits are known elsewhere
in the world, and they have been described in various
ways in different languages. Other terms include “alluvial
loessial deposits” (Wang and Song, 1983), “loess-like
slope loess,” a quite ap-
propriate term “mountain loess” (Pecsi, 1965, 1967), and
“colluvial silt” (Li and others, 1983). In Alaska, the term
“retransported silt” has been used, and “muck” is used in
the sub-Arctic and Arctic Alaska where the retransported
material has a high organic content that has been frozen
since the time it was deposited (Péwé, 1968, 1975a, b;
Péwé and others, 1989). The frozen material has preserved
an abundant number of mammal remains, including peren-

Y

slope deposits,” “deluvial loess,

nially frozen carcasses.

In some regions where thick loess is well studied, the
primary loess deposits interfinger and are interleaved with

redeposited loess deposits. This interfingering indicates
changes in climate and (or) the activity of erosional processes.

To more fully understand the characteristics of re-
transported loess in other parts of arid western China, and
to compare such deposits with loesslike silt in the Qing-
hai-Xizang (Tibet) Plateau, Péwé examined retransported
loess deposits and land forms on the south side of the Tian
Shan in the Xinjiang Uygur Autonomous Region (fig. 1)
in 1986 (Péwé, 1987) and discussed in detail with Mu
Guijin in 1984 to 1986 the retransported loess deposits
and landforms in the middle Ili He valley on the north
slope of the Tian Shan. Mu is familiar in detail with the
valley fills of loess in the Ili He valley and at Turpan (Mu,
written commun., 1987; Yuan and others, 1983; and Wang
and others, 1991). These deposits were classified as alluvi-
al loessial deposits by Wang and Song (1983). It was im-
mediately apparent to Péwé that this material in
northwestern China exhibits the same characteristics as the
loesslike silt in the southern part of the Qinghai-Xizang
(Tibet) Plateau.

Turpan (figs. 1, 2, 5) lies in the hottest and lowest
(154 m below sea level) part of China and is on the histor-
ical Silk Road. With irrigation from the mountains by the
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Figure 39. Cumulative-frequency grain-size curves for samples of loess (Nos. 3, 4) and: retransported silt (No. 6)
from near Xigaze, Xizang Autonomous Region, China, compared with those for volcanic ash (Ester Ash Bed) from
near Fairbanks, Alaska (Péwé, 1955, fig. 11; pl. 2, fig. 1), and modern wind-deposited dust from roof of house at
538 E. Fairmont Dr., Tempe, Ariz. (Péwé and others, 1981, fig. 5), the third floor outside window sill, Lakeway
Hotel, Meade, Kan. (Swineford and Frye, 1945, p. 252), and from Breslau, Selesia, Germany (now Wroclaw, Po-
land) (Zeuner, 1949, p. 27). Samples from Alaska, Arizona, and China collected by T.L. Péwé. Alaskan sample
analyzed by U.S. Army Corps of Engineers, Rock Island, Ill.; Arizona sample analyzed by André Journaux at
Centre de Geomorphologie du Centre National de la Recherche Scientifique, Caen, France; Chinese samples ana-
lyzed by R.M. Slatt at Cities Service Company, Tulsa, Okla.
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