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Dust Storm in the Inland Area of China
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Photo 1. A violent dust storm occurred in

Gansu province, northwestern China,

in the afternoon of May 5, 1993.

The gust front ran lifting many sand

particles.
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Photo 2. The dust storm in Photo 1 inflicted

serious damage on the crops in
Lanzhou, where farmlands and
irrigation channels were buried
under a huge amount of sand.
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Photo 3. A dust storm on May 27, 1988 caused
damage to oases along the south-
western edge of the Taklimakan
Desert. (At Pishan. Photo by Hideo
Y ABUKI)
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Photo 4. An electron micrograph of atmospheric dust particles collected at Zhangye (39° 52" N, 100°
23" E), Gansu, on May 11, 1991. (Photo by Kikuo Okapa)

KA DA =L, I L b LIRS E L ABIST, METE, WEHBOIEZEIT,
FICLELIERET S, MRSSERAMEL, BFLARPRE RS2 LY, AL
WERGAL, A5, EEEEOEMoLX AN, WlEIC Lo TRER, HTITh
HACEEB OGRS B RS2 5. G, 2319985 IS HMETRELK AL
— LT, 4OANOEFERILLA. GHIGASD f]QE)B‘F—SH5Iil0)|I'li€]JtPﬁ'&|§t:§’éfliL,t‘ﬂ'l l‘
AN =L FOFEEREL TR #2BW). B3, 19884ESH2TH R 7 5~ 1 it
T 5’&’1: U AT, MR o4 7 v A% w2 e, SRR 25 2 .
F/e, GrUE KRR X A FOWTHMEGIT, 270y ~Y T 70 OMiTrEE
{AHND. Ok LMEFIEO LMY, J:Jl"’lﬁ)l!au:i')‘Cl'éﬂl?%‘ﬁﬁﬁidéﬂé.

iyt - WmA s - R



iR 7-2, 8586 (1997)
Journal of Arid Land Studies

(R - 7O THEEREFEDOERE Y A | MEICH72-T

REFERH> - WHEZ

HA DA b= LI L RET
BZERNT, JhCEH>TWEE,NLMIXHS XA PRI
1~2 @b reBERERMLLATVS (IPCC
Report 1995). #& LiFshibroo>L, 5~5037
arN¥A4ZDLDIE, B¥ahr s 100kmBEATH
WL, VALLTHARRZES. &4, Loy 3
su - H731 70 0N TRIFELAE AR SR
D, BELHICETRTE. COLSRBRXAM IR
DR, EPROBBOAL LT, BN, WELk
CHKELEENHILELZLNSE. ST IEUTL
, BAXXZ MIAMN - K% - HicHNHemELAR
LENTEY, ZOHSHBOPHRBREAOHBELIEL
ST LHHETHS.

XA DR P—AHRE LR SHFERBRAAEIR)
&, 199746 H 27H, BLEBIATICHNT, [7I7

- RKE AR

= RER

WREEFHDMME X A MoT 3 2RI v L) 2L
oo XAMAM—LIEEMORE, XX OB LMY H
5 IRHIBE D NE, 1TRX R P ORSREINDOL B
¥, ZAMIMT 2S£ HBH HDOUAREREE
SEhch@s bl AR, ZOMOBITRERE X
EDHLbOTHS. AREERTICHY, HEAY
WEaERSI S (BUHE MRS LIERERR) OF
o, TXR PRESUMERS] 28U ZRICE
EESAS (B WEUKEARSE), MOE (B{bFu
KD, KRS BEERRR, ZEES (ARWA
i) 4RI Sh, BREToL. Il
LI0HEHDOBF X ROTh L UE ORI L FHLLERT
HERBTHEIATVS. Sitoh, THAERZL
TOifEvic 2, FERADRICHE I TH @iLe
WL LU2KBTHS.

*WSUKE AP BEREER. T 1088477 BEX #4457
** FULERTRT REARNTE. T 3510198 RDEIILIR2-1.

v SARBIRFRUR - W ARIFA. T 3050052 2 < (i ket -1



86

Introduction

Hideki Nacastima*, Akihiko Oxapa**, Sadayo Yasuki** and Masao Mikamr***

The dust storm is a common phenomenon that occurs frequently in arid and semi-arid lands. It is estimated that
wind-blown dust carried from deserts amounts to 1-2 X 10° tons annually (IPCC Report 1995). Particles of between Sum
and 50um are carried a few kilometers to nearly 100km and cover land surfaces throughout the world and form loess
deposits. Fine particles of micron or sub-micron in size remain suspended in the air until brought down by rainfall.
Such wind-blown particles probably have strong effects not only on formation of soil and crop growth but also on ocean
sedimentation, air pollution and climate change. Moreover, wind-blown dust also spreads pathogens that are harmful to
man, animals and plants. Thus, it is very important and urgent to investigate the behavior and environmental
consequence of aeolian dust.

The Dust Storm Research Group (Chairman: Prof. Masatoshi Yosuino, Aichi Univ.) had a symposium entitled
[Aeolian dust originated from inland Asia] at RIKEN on June 26, 1997. Researchers of various scientific fields
concerned with aeolian dust participated in the discussion. There were 16 presentations in total at the symposium. Ten
of them are included in this volume. The sub-committee responsible for the publication of this special issue was
organized under the editorial committee (Chief Editor: Prof. Hiroshi Kabomura, Rissho Univ.) of the Japanese
Association for Arid Land Studies (JAALS). The articles included in this volume were reviewed according to usual
process of JAALS. We, the members of this sub committee, Drs. Hideki Nacasuima (T okyo Univ. Fisheries), Akihiko
Okapa (RIKEN), Sadayo Yasuxt (RIKEN) and Masao Mikami (Meteorological Research Institute) would like to express
our sincere thanks to the reviewers for their courteous review.

*Tokyo University of Fisheries. Kohnan 4-5-7, Minato-ku, Tokyo 108-8177, Japan.
**RIKEN. Hirosawa 2-1, Wako 351-0198, Japan.
***Meteorological Research Institute, Nagamine 1-1, Tsukuba 3050052, Japan.
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Lawson, 1971; Ipso ef al, 1972; Morates, 1981; A, 1994).
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The 5 May 1993 Dust Storm over the Northwestern China
and the Environmental Condition of Its Development

Tetsuya Takemr*

The severe dust storm that occurred in the desert of the northwestern China on 5 May 1993 was investigated from the
standpoint of the convective activity of the long-lived squall line. The dust storm was resulted from the strongly
diverging surface winds greater than 25m s -'. The total amount of the dust blown up in the cold-air pool was estimated
to be 4 X 107 tons. Some of the dust were raised up to the upper troposhere and might be transported as far as Japan by
the strong westerlies.

The amount of the water vapor at the surface increased during the nighttime from 4 to 5 May before the dust storm
broke out, which was one of the indispensable conditions for the development of mesoscale convective system. The
water vapor transport surrounding the desert showed no synoptic-scale flow into the region, thus the water vapor was
not advected by the synoptic-scale winds. It was proposed that the increase of the water vapor in the desert region was
attributed to the local circulation between the mountainous area and the desert.

Key Words: Black storm, Squall line, Moisture flux, Gobi Desert

*Disaster Prevention Research Institute, Kyoto University. Gokasho, Uji, Kyoto 611-0011, Japan.
(Received, November 12, 1997; Accepted, December 10, 1997)
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Dust Storm Observed in the Southern Edge of Taklimakan Desert
Masao Mikamr*

Basic characteristics of the dust storm event in the southern edge of Taklimakan Desert on April 18 in 1992 were
analyzed based on the routine meteorological data and AWS (Automated Weather Station) data. Mechanism of this dust
storm event was also discussed.

The velocity of the gust front of the dust storm was considered to be roughly 40 km s-' and the duration time of the
event was approximately 10 hours. No precipitation was found during this event, in contrast to ordinary dust storm
reported in the literature. The passage of the gust front was found to be several hours later from the time of the abrupt
change of the surface wind direction from east-southeast to west.

It is seen that strong downslope winds occurred with the passage of the trough from Pamir plateau into Tarim basin.
This is caused by the inflow of the cold air mass via Pamir plateau. The region of this downslope wind was found to be
distributed from west to meddle of the south part of Tarim basin and the dust storm was observed within this region.
The topographical effects of the Tarim basin and the surrounding high mountains are essentially important for the
occurrence of this dust storm event.

Key Words: Dust storm, Taklimakan Desert, Tarim Basin, Topographical effect, Downslope wind

*Meteorological Research Institute. Nagamine 1-1, Tsukuba, Ibaraki 3050052, Japan.
(Received, November 4, 1997; Accepted, December 10, 1997)
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Long Range Transport of the Asian Duststorm (Kosa) Particles Originated
from the Takla Makan Desert

Kenji Kar*, Toshikatsu Takasuc** and Hajime Nakamura***

A number of duststorms occurred in the deserts and loess lands of the Asian Continent in early March of 1986. After a
few days, the dust laden air was transported over the Yellow Sea to Japan by westerly winds. On 12-13 March, Japanese
meteorological observatories reported a "Kosa (Asian dust)” phenomenon. The lidar observation of the Kosa was
made at Tsukuba, Japan from 06 UTC to 12 UTC on 13 March 1986. The lidar observation showed that two Kosa layers
existed at the altitudes of 4km and 2km, respectively over Tsukuba.

A numerical simulation using the JMA pollutant tracer model was carried out to investigate the long range transport
of the Kosa particles originated from the Takla Makan Desert. Generally speaking, simulated horizontal and vertical
distributions of the tracers were in good agreement with the lidar observation at Tsukuba and the routine
meteorological observations in Japan and China. The observed structure of the two Kosa layers was simulated in the
model. But, the simulated upper Kosa layer was higher and more dispersed when compared with the lidar observation.
Taking account for the gravitational sedimentation of the tracers, this difference between the simulation and the lidar
observation can be explained. Travel time of the Kosa particles to reach Japan was five to six days from the Takla Makan
Desert.

A field survey of the environment around the Takla Makan Desert was carried out from February to March 1991. The
results of this survey are also presented in the paper.

Key Words: Asian duststorm (Kosa), Takla Makan Desert, Lidar, Long range transport
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Fig. 2. Seasonal variation of deposition rate of sulfate (O) and
non-sea-salt sulfate (@) in acrosol at Yamagata.
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Fig. 3. Seasonal variation of deposition rate of sulfate (O) and
non-sea-salt sulfate (@) in aerosol at Tsuruoka.
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Fig. 4. Seasonal variation of sulfur isotope ratios (permil) of sulfate (O) and non-sea-salt sulfate (@) in aerosol at Yamagata.
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Sulfur Isotope Ratio of Non-sea-salt Sulfate in Dry Deposition in Tsuruoka and
Yamagata, Yamagata Prefecture, Japan

Yutaka OsinaTa*, Fumitaka Yanacisawa**, Takashi Kotan** and Akira Ugpa***

In order to investigate the origin of the atmospheric particulate matter in the dry deposition in northern part of Japan,
aerosol samples were collected, using high volume air sampler, at two localities in Yamagata Prefecture, Japan, from
1993 till 1995, i.e., Tsuruoka City locating at the Japan Sea coastal area and Yamagata City locating in the basin, 80km far
from the coast of the Japan Sea. The water-soluble chemical components and sulfur isotope ratio (§ #S) of the aerosols
were studied. The samples of Tsuruoka show a clear evidence that the & “S values of non-sea-salt sulfate in higher in
winter and spring, i.e., +5 to +8 permil, and is lower in summer and autumn, i.e., +2 to +3 permil. On the other
hand, it is almost constant through the year in Yamagata City's samples, i.e., +4 to + 5 permil. The seasonal variation of
6 ¥5 value of non-sea-salt sulfate found in Tsuruoka's samples could be reasonably interpreted as follows, considering
the seasonal wind trajectries in the eastern part of Asia. The higher trend of & *S values appeared in winter season
indicates that the anthropogenic SOx emitted by the coal combustion in the northern part of Asian continent is
transported over the Japan Sea coastal area by the seasonal northwest wind, and that in spring season could be
attributed to the long-range transportation of sulfate-bearing dust particles of desert origin in the Asian inland. At
Tsuruoka facing the Japan Sea, the atmospheric component in the dry deposition in winter and spring is distinctly
influenced by the atmospheric particulate matter transported from Asian continet, while the influence in negligibly small
at Yamagata City which is located in the inland basin.

Key Words: Aerosol, Sulfur Isotope, Dry Deposition, Kosa, Non-sea-salt sulfate
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Sulfur Isotope Study of Salt Materials in Saline Lands
and Salt Deposits around the Desert Areas in Xinjiang, China
—Implications to the Study of the Source
of the Aeolian Dust of Inland Asia—

Sadayo YaBuki?, Akihiko Okapa®, Akira UEpA?, Qing CHANG? and Zi-Li Fan®

In saline lands around the desert areas in Xinjiang, China, saline soils contain significant amount
of sulfate salt minerals. We investigated the sulfur isotope ratios of the salt materials to study the
salt accumulation in the environment. In Xinjiang, sulfate salts have accumulated on the ground
surface owing to the very arid condition, and thus a large amount of sulfur-bearing aeolian dust are
transferred from the ground into the atmosphere due to the frequent dust storm events. The sulfur
isotope ratios of the air-borne dust particles could be a significant indicator to trace the origin of

aeolian dust of inland Asia.

Key Words: Sulfur isotope ratio, Evaporite, Desert, Aeolian dust, Xinjiang

1. Introduction

In arid and semiarid zones, salt accumulation in
the soil brings about a land degradation problem
in the area where the local ground water level is
shallow. Progressive salinization is one of the
most serious causes of desertification of lands
because of the prevention.of vegetation growth. In
saline lands around the desert areas in Xinjiang,
China, saline soils contains significant amount of
sulfate salt minerals such as thenardite, gypsum,
bloedite and so on (Okapa et al., 1997). We inves-
tigated the sulfur isotope ratios of salt materials in
saline lands of Xinjiang to study the salt
accumulation in the environment. In Xinjiang,
China, sulfate salts have accumulated on the
ground surface owing to the extreme arid
climatical condition, and thus a large amount of
sulfur-bearing aeolian dust are transferred from
the ground to the upper atmosphere due to the
frequent dust storm events. The sulfur isotope

ratios of the air-borne dust particles over Japan is
expected to be a useful indicator to investigate the
source of aeolian dust of inland Asia origin.

2. Sampling Sites

Salt material, soil, river water and ground water
samples were collected in and around the saline
lands distributing at the margins of the desert
areas in Xinjiang, China (Fig. 1) during 1987-1994.
Sampling sites (Yasuki et al., 1996) are (1)
northern part of Tarim Basin (Kuerle, Luntai,
Kuche, Akesu), (2) western and southwestern
parts of Tarim Basin (Kashi, Shache, Yecheng,
and saline lands along the Kashi, Tizinap and
Yerqiang Rivers), (3) southern part of Tarim
Basin (Moyu, Hetian, Luopu, Cele, Yutian), (4)
eastern and southeastern parts of Tarim Basin
(Yuli, Tieganlike, Ruoqiang, Qiemo, Minfeng), (5)
Turpan Basin, (6) southern part of Zhungar Basin
(Fukang, Mosuowan, Jinghe, Yining) and Pamir
(Tashikuergan). Tarim Basin is an arid, closed

! Institute of Physical and Chemical Research. Hirosawa, Wako, Saitama 351-0198, Japan.
¢ Life and Environment Technology Research Laboratory, Central Research Institute, Mitsubishi Materials Corp. Kitabukuro-cho,

Ohmiya, Saitama 330-0835, Japan.
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Fig. 1. A geographic map of Xinjiang area including sampling sites.

basin occupied mostly by the sandy Taklimakan
Desert. The annual precipitation and evaporation
are < 50mm and 2,000-3,000mm, respectively, in
the western and south-western periphery of the
Taklimakan Desert in the Tarim Basin, and <
20mm and 3,000mm, respectively, in Turpan area
(Znu et al., 1986). A salt lake called Aidinghu is
located at the deepest part, 154m below sea level.
Zhungar Basin has a mild climate compared with
Turpan and Tarim Basins. The annual pre-
cipitation is about 200mm in the southern part
and 100 mm at the central part of the desert in the
basin (Zuu et al., 1986).

3. Experimental Method

Measurement of sulfur isotope ratio (*S/*S) of
sulfate materials is based on the mass spec-
trometric analysis of SOz which was produced by
transforming sulfate-group into SO: gas. The

chemical method for the transformation of sulfate
into SO: gas is basically the same as that
developed by Yanacisawa and Saka (1983) and
Uepa and Krouse (1986). An outline of the method
is briefly described as follows. The sulfate salt
sample containing about 20 micrograms of S was
mixed with 50mg of Si0: and 50mg of V20s, and
was finely pulverized. The mixture was put in a
quartz tube, and was covered with quartz glass
wool. After connecting the quartz tube to a
vacuum line, SO: gas emitted by heating up to
950 C was collected in a cold trap cooled down to
liquid nitrogen temperature. The SO: gas purified
by vacuum-distillation using a cold agent of n-
pentan-alcohol mixture was introduced into the
gas inlet of the mass spectrometer, and then the
isotope ratio of #S/%*S was measured. The
analytical machine used in this work is a Finnigan
Mat Instruments Inc. made Delta-E mass
spectrometer. The analytical error is + 0.2 permil.



Sulfur isotope ratio is expressed as ¢ S value
calculated by the following equation.

[(34S/ 228 Ysampte — (4S/ S )standand]

5 1S
¢ 'S/ %S Ytandard

X 1000 (in permil)

The standard value of #S/*S is obtained from
troilite (FeS) of Canyon Diablo iron meteorite.

4. Result and Discussion

(1) Regional characteristics of sulfur isotope

ratios of salt samples in Xinjiang

Table 1 shows the result of sulfur isotope ratios
(6 ¥S) of salt samples collected in Xinjiang. In
this Table, both Yima in Tarim Basin and
Taoergou in Turpan Basin show extraordinary
high positive and negative ¢ *S values, i.e., +26.1
and —26.9 ~ —30.3, respectively. The sampling
site at Yima used to be a farm land, but is now left
to be a waste, marsh land, because of salt
accumulation. In the organic-rich soils in the
permanently wet land, such as salt marsh, sulfur
species in the soil are inclined to increase S
content due to inactive microbial sulfide-oxidation
reaction (CHukuRrov et al., 1978). The sulfur iso-
tope data strongly suggests that the envi-
ronmental condition at Yima is close to that of the
salt marsh. On the other hand, both magnesium
sulfate hydrate minerals (MgSO« - nH20) and
gypsum (CaSO« - 2H:0) from Taoergou, Turpan
Basin, are characteristic of highly negative & *S
values, —26.9 and —30.3, respectively. In this
sampling site, the sulfate species of both gypsum
and magnesium sulfate hydrate minerals might
have been supplied from the same *S-depleted
sulfur source. According to Krouse (1988), in the
case of extremely *S-depleted soil ( *S: —30) in
Alberta, Canada, its origin was attributed to have
formed by the weathering of shale that contained
4S-depleted sulfide mineral and organic sulfur
compound. In the outcrop at Taoergou, Turpan
Basin, an organic-rich, thick soil layer, dark
brown to blackish in color is distributed under the
yellowish to reddish brown soil layer which
contains a crystalline magnesium and calcium
sulfate hydrate mineral layer, about 10cm thick.
Such local pedological circumstances at Taoergou
is possibly related to the occurrence of highly *S-
depleted sulfate sulfur.
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& ¥S values of salt samples from southern areas
of Zhungar Basin, +1.6 to +4.9, are inclined to be
lower compared with the ¢ *S data from Tarim
Basin and Turpan Basin. This is probably due to
the fact that the salt precipitates in this areas are
strongly influenced by the hydrological and
geological conditions of the northern part of the
Tianshan Mountains. Within the Tarim Basin, the
¢ S values of sulfate salt materials occurring in
the subsurface zone of the fan sediment which
extends from Kekeya-Pishan-Hetian-Cele to
Yutian-Qiemo-Ruoqgiang in the northern foot of
the Kunlun Mountains is distributed within a
relatively narrow range from +8.4 to +10.1.
Geological history of Xinjiang area indicate that
the west part of the Tarim Basin experienced a
marine transgression in the Cretaceous to early
Tertiary (Tanc et al., 1989). Both the salt deposit
(6 *S: +10.7 ~ +17.8) at Akesu located at the
northern margin of Taklimakan desert and the
gypsum-anhydrite deposit (& *S: +12.0 ~+17.1) at
Mazatage Mountains at the central part of the
Tarim Basin were formed due to the trans-
gression during that period. Both salt deposits are
distributed in early Tertiary strata, and the & *S
values of salt samples almost agree with the
sulfur isotope curve of marine evaporites at the
same geological period (CrayrooL et al., 1980).

As seen in Table 1, a few salt lakes are present
in Xinjiang. In Aiding-hu salt lake in Turpan
Basin, located at the lowest altitude in China, the
Na-, Cl- and SO«concentrated lake water is
currently depositing halite (NaCl) and thenardite
(Na:S04) -mirabilite (Na2SO4 - 10H:0) crystals.
In Turpan Basin, large amounts of lucastrine
evaporitic deposits consisting mainly of halite
(NaCl) -gypsum (CaSOs - 2H:0) are present in
the Lower Cretaceous to the Upper Tertiary
formations in the Huoyanshan Mountains area
(ref. Geological Map of Turpan Basin, 1978). ¢ S
values of salt samples from Huoyanshan
Mountains range from 8.2 to 20.6 (samples from
Shenquan, Tieshan-Gongzhu Dong, Baizikelike
Buddhist Cavern and Yemushi in Table 1). The
salt materials in Turpan Basin finally flow into
Aiding-hu salt lake which is located at the lowest
site in the Basin. & S value of the currently
precipitating sodium sulfate crystals at the
northern shore of the Aiding-hu lake water is 6.0
(Table 1). This fact indicates that the sulfate
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Table 1 Sulfur isotope ratios (& *S, permil) of the salt evaporites in saline lands and salt deposits of Xinjang, China

1. Tarim Basin

Sampling Site Occurrence of Salt Minerals d %S
Central area of Tarim Basin
1. Mazatage (38 58 'N, 80°50 'E) Layered outcrop of gypsum in the sedimentary rocks. +12.0 (gypsum)

Nothern districts
2. Cedaya(41°58°'N, 84°49'E)
3. Luntai(41°48'N, 84°18'E)
4. Luntai(41°14'N, 84°13'E)
(38km SSW of Luntai)
5. Luntai(41°10'N, 84°14 'E)

Halite and anhydrite also coexist.
Fine-grained efflorescent materials of halite and eugsterite.
Fine-grained efflorescent materials of halite and eugsterite.

Fine-grained efflorescent materials of halite and eugsterite.

Fine-grained efflorescent materials of halite and eugsterite.

(60km S of Luntai, Point1,Tarim River side)

6. Luntai(41°14'N, 8413 'E)

Fine-grained efflorescent materials of halite and eugsterite.

(60km S of Luntai, Point2,Tarim River side)

7. Yanshui-gou(41°52°N, 82°48 'E)
8. Xinhe(41°33'N, 82°47'E)

Salt efflorescents consisting mainly of halite.
Fine-grained saline efflorescent materials.

(20km N of Xinhe, Muzati River side)

9. Shaya(40°58'N, 82°54 'E}

Fine-grained efflorescent materials of halite, eugsterite and

(30km SSE of Shaya,Tarim River side) humberstonite.
Fine-grained efflorescent materials of halite, thenardite and bloedite. ~ +6.0

10. Yangdouma(41°38'N, 8128 'E)
(Muzati River side)

Akesu River area

11. Akesu(40°43'N, 80°38'E)

12. Akesu Salt Mine
(40°43'N, 80°38'E)

13. Aheya(40°13'N, 79°42'E)
(Tuoshigan River side)

14. Tuman(41°120°N, 80°35°'E)
(Tuoshigan River side)

15. Yigianfang (41 °10°'N, 80°20'E)
(15km NE of Yigianfang)

Westhern districts
Kashi River areas
16. Tazihong(39°27°'N, 76°10'E)

17. Yapuquan(39°12'N, 76°10'E)
18. Yingjisha(38°45°'N, 76°10'E)

19. Meiqitiji(39°17°'N, 76 55 'E)
20. Yangdaman(39°24°'N, 76°14'E)
21. Gedaliang(39°46°'N, 76°40'E)

22. Youkuer-kebagiang
(39°47'N, 76°25'E)

Yerqiang River and Tizinap River areas
23. Kekeya(37°23'N, 77°11°'E)
24. Wuke(38°55°'N, 77°44'E)

25. Bage-awate(38°25°'N, 77°25°'E)
26. Yima(38°30'N, 77°20'E)

Southern districts
27. Qiemo(38°08°N, 85°15'E)

+17.1 (anhydrite)
+9.6
+11.7
+5.6
+7.4
+14.8

+10.8
+10.2

+5.9~+7.7

Fine-grained efflorescent materials of halite and thenardite. +7.8
Layered salt deposits consisting mainly of halite and accessory +10.7~+17.8
gypsum. (av. 13.0) (gypsum)
Fine-grained saline efflorescent materials, +79

Fine-grained efflorescent materials of halite, thenardite and bloedite.  +8.9

Fine-grained efflorescent materials of halite and thenardite.

Fine-grained efflorescent materials of halite, thenardite, bloedite

+8.1

+8.3 (thenardite)

konyaite and eugsterite. Large thenardite crystals are locally found.

Fine-grained efflorescent materials of halite and bloedite.

Fine-grained efflorescent materials of halite, thenardite and
vanthoffite.

+6.2
+7.6

Fine-grained efflorescent materials of halite, thenardite and bloedite.  +6.0
Fine-grained efflorescent materials of halite, thenardite and bloedite.  +8.8

Fine-grained efflorescent materials of thenardite, hexahydrite and
eugsterite
Fine-grained efflorescent materials of thenardite.

Gypsum crust at the subsurface of the desert fan sediment.

Fine-grained efflorescent materials of halite, hexahydrite and
starkeyite.

Fine-grained efflorescent materials of thenardite.

Fine-grained efflorescent materials of thenardite and eugsterite
at wet, saline land.

Crustic salt efflorescent materials consisting of halite, gypsum,

+5.4

+7.0

+9.59.7
+9.3

+9.4
+26.1

+10.6

thenardite and eugsterite on the surface of the desert fan sediment.



28. Andier(37°35'N, 8348 'E)

29. Minfeng(37°04'N, 82°20'E)
30. Yuitan(36°50'N, 81°40'E)

31. Yaogantuokekake
(37°12'N, 81°33'E)
32. Aqikeshan(36°50°'N, 80°10°E)

33. Hetian-Cele (36 50N, 80°30°'E)
34. Hetian-Cele(37°00°N, 80°20°'E)

35. Cele(37°00'N, 80°47°'E)

36. Cele(37°00'N, 80°45'E)

37. Heitian (3707 'N, 79°55'E)
(Kelakeshi River side)

38. Heitian(37°07'N, 79°55'E)
(Kelakeshi River side)

39. Buya(36°23°'N, 80°00'E)

40. Pishan(37°37'N, 78°16'E)
Easthern districts

41. Yuli(41°22'N, 86°16 'E)
42. Yuli(41°22'N, 86°15°'E)

Crustic salt efflorescent materials of halite, thenardite, hexahydrite
and konyaite in the terrace sediment.

Fine-grained efflorescent material composed of bloedite.

Salt efflorescent materials of halite, thenardite, starkeyite and celestite
on the surface of the terrace sedement.

Salt precipitates consisting of fine-grained halite, thenardite,
hexahydrite and starkeyite on the soil surface along the Keriya River

Crustic salt efflorescent materials of halite, bassanite, glauberite
and celestite at the subsurface of the desert fan sediment.
Fine-grained efflorescent materials of halite, bloedite and eugsterite
at the lower terrace sediment.

Fine-grained efflorescent materials of halite and gypsum in the
dried river.

Gypsum crust on the surface of the terrace sediment.

Salt pan of gypsum at the inter-dune sediment at west Cele.
Fine-grained efflorescent materials at the lower terrace sediment.

Fine-grained efflorescent materials at the middle terrace sediment.
Salt efflorescent materials of halite, thenardite, gypsum, konyaite

and hexahydrite on the surface of the terrace sediment.
Salt crust of gypsum at the subsurface of the desert fan sediment.

Fine-grained efflorescent materials of halite and eugsterite.
Fine-grained efflorescent materials of halite and eugsterite.

(Tarim River side, 30km SE of Yuli)

43. Tieganlike(40°38'N, 87°42'E)

44. Luobuzhung(39°30°N, 88°07 'E)
45. Ruoqiang(39°00'N, 88°05°'E)

46. Washixia(38°41'N, 87°22'E)

47. Jianggeshayi(38°09'N, 85°28'E)

Fine-grained salt precipitates of gypsum and eugsterite on the
soil surface.

Salt crust consisting of halite and eugsterite at the surface sandy
Salt crust consisting of halite and kieserite on the surface of the
gravel sediment.

Crustic salt materials consisting of gypsum, bassanite and dolomite
of the terrace sediment.

+4.1

+19.2
+9.4

+16.0
+10.1
+9.7
+8.8
+10.1
+9.2
+10.1
+9.0

+9.5

+8.4

+10.0
+13.5

+9.2

+10.2
+9.3

+10.4

Salt crust consisting of thenardite on the surface of the terrace sediment. +10.7
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48. Hedileke (38°36'N, 86°57'E) Gypsiferous salt crust on the surface of the gravel sediment. +10.6
2. Turpan Basin
Sampling Site Occurrence of Salt Minerals R
Huoyanshan Mountains Area (East)
49. Lianmugqin(42°49'N, 89°52'E) Fine-grained saline efflorescent materials. +8.6
50. Baizikelike Buddhist Cavern Sedimentary salt deposits consisting mainly of gypsum occurring +8.2
(42°57'N, 89°34'E) in Huoyanshan Mts.
51. Aketamu(42°59'N, 89°35'E) Fine-grained saline efflorescent materials. +9.6
52. Shengjin-gou(42°56'N, 89°34'E) Fine-grained saline efflorescent materials. +9.2 ~ +11.7
53. Shenquan(42°56'N, 89°29'E) Fine-grained salt efflorescent materials consisting mainly of halite +20.6
from the saline ground water of the Huoyanshan Mountains.
54. Tieshan-Gonzhu Dong Water-extracted salt materials from the sediments of Huoyanshan +17.7
(42°56'N, 89°15'E) Mountains.
Huoyanshan Mountains Area (West)
55. Yemushi (42°50'N, 89°05'E) Sedimentary halite and gypsum outcrop of the west part of +10.6
Huoyanshan Mountains.
56. Xiaocao-gou(43°10'N, 88°32'E)  Fine-grained efflorescent materials of halite, thenardite, gypsum +10.4
and eugsterite.
57. Huoyanshan Qianshadi Fine-grained efflorescent materials of thenardite, glauberite, +5.9~47.3
(42°50'N, 89°25'E) gypsum and bassanite of the sand dune sediment, about 5 km (av. 6.6)

south from Huoyanshan Mountains.
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Saline mineral species and their composition in Table 1.

anhydrite (CaSO4), bassanite (CaSOq -
(MgSOs4 - 7H20), eugsterite (2Na2S04 -
halite (NaCl), hexahydrite (MgSOs -
(MgSOs - 5H20), starkeyite (MgSOs -

CaSOu -

species with isotope ratio of about 6.0 or so are
predominant in the Turpan Basin.

Dabancheng salt lakes-east and the -west, are
placed together with Chaiwopu-hu Lake in the
Chaiwopu fault depression basin in the Tianshan
Mountains. The east one is located at 88° 03'53"-
12'15"E, 43° 25'00"-25'25"N. The lake water
enriched in Na, Cl and SO precipitates halite
(NaCl) and thenardite (Na:S0.)-mirabilite
(NazSO.« - 10Hz0). As seen in Table 1, the & *S
values of thenardite from Dabancheng salt lakes
are close to that from Chaiwopu-hu Lake, where
the lake water is not yet salt-enriched. This fact

Zhungar Basin (Southern Area)

Tarim Basin (Northern Area)
Tarim Basin (Western Area)
Tarim Basin (Southern Area)

Tarim Basin (Eastern Area)

0.5Hz0), bloedite (Na:SO0s -
2H:0), glauberite (NazSO4 *
6H20), kieserite (MgSO4 -
2H:0), thenardite (Na2504), vanthoffite (3NazS04 -

Turpan Basin

The Pamirs

MgS0s - 4H:z0), celestite (SrSQs), epsomite

CaS04), gypsum (CaSOs - 2H20),
H20), mirabilite (Na2SO4 + 10H20), pentahydrite
MgS04)

indicates that the sulfur species of these three
lakes could be supplied from the same sources
and the same hydrological systems. In Table 1,
the sulfur isotope ratios (3 *S) of the salt species
are summarized as follows, i.e., +5.4 to +17.8 in
Tarim Basin (except Yima), +5.4 to +20.6 in
Turpan Basin (except Taocergou and Wudaolin),
+1.6 to +4.9 in the southern Zhungar Basin, and
+4.3 to +19.4 in Pamir. In the present-day most
salt-concentrating sites, Aiding-hu salt lake and
Dabancheng salt lakes, & S is +6.0 and +6.8 ~
+7.4, respectively. The regional characteristics of
the sulfur isotope data of salt materials is

Aiding-hu Salt Lake (Turpan Basin)

Dabancheng-hu Salt Lakes & Caiwopu-hu Lake (Caiwopu Depression) -

Bositeng Lake (Yangi Basin)

Aerosols at Kosa Events in Japan (1)

Aerosols at Tsuruoka, Yamagata, Japan (2)

Atmospheric Deposition at Niigata, Japan (3)

Rain Waters at Kanazawa, Japan (4)

Rain Waters in the Areas, North of Yangtze River (5)

Coals in the Areas, North of Yangtze River (5)

-20 -18 -10 -5

[1} +5 +10 +15 +20

Fig. 2. Sulfur isotope data (& *S permil) of saline evaporites in Xinjiang, aerosols, atmospheric deposition and rain
waters in Japan, and rain waters and coals in the areas, north of Yantze River, China.
(1) non-sea-salt ¢ *S by Uepa and Sakamoro (1989).
(2) non-sea-salt & S by Yanacisawa and Oginata (1997).
(3) non-sea-salt & S by Ouizumi et al. (1991).
(4) non-sea-salt ¢ S by Krramura ef al. (1993).
(5) Hong et al. (1992).
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Fig. 3. SEM (scanning electron microscope) images of air-borne dust particles trapped on the adhesive tapes on the

slide glass.

Samples were collected at the marginal areas around Taklimakan Desert in Tarim Basin, Xinjiang, China, in

October, 1994.

A: Dust particles collected at Hetian.

B: A magnified view indicates the presence of minute single grains of salt, euhedral in shape. Collected at Hetian.

C: A quartz grain bearing sub-micron calcium sulfate particles on the surface (arrows). Collected at
Yaogantuokelake.

D: The EDX analysis indicates the particles in Photo C are composed of Ca and S.

E: llmenite dust particle covered partially by saline materials composed of Na:504 and NaCl. Collected at
Ruogiang.

F: The bulk EDX analysis shows the presence of Na, Ca, S and Cl in addition to Fe and Ti of the main mass of
ilmenite.

G: A magnified view of Na2SO4 aggregate (arrow) in Photo E.

H: Occurrence of micron-sized NaCl crystal (arrow) in the hollow in the Na:SO4 aggregate. A magnified view of
Photo E.

I: Fine grains of NaCl on the surface of the feldspar grain. Collected at Buya.

J: A micaceous grain comprizing minute NaSQO4 grains (arrow). Collected at Buya.

K: A spherical dust particle composed of a complex aggregate of NaCl, CaSOs and CaCOs. Collected at Buya.

L: A magnified view of the dust particle of Photo K. Micro-particles of NaCl, cubic in form, are present
surrounded by larger grains composed of calcium sulfate.

summarized as follows (Fig. 2). (1) In southern o ¥S values are relatively constant, ranging from

X

Zhungar Basin area, the & S values, mostly
ranging from +1.6 to +4.9, are inclined to be less
than those from Tarim Basin and Turpan Basin.
(2) In the diluvial-alluvial fan sediment in the
southern part of Tarim Basin which extends from
the northern foot of the Kunlun Mountains, the

+8.4 to +10.1. (3) In the eastern part of Tarim
Basin, & ¥S values range from +9.2 to +13.5. (4)
In Turpan Basin, the & *S values vary more or
less from site to site in the basin, but finally
approach +6.0 at Aiding-hu salt lake, into which

the brines in the basin flow.
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particles blown up high in the troposphere, 2,000
8,000m above sea level, from desert areas
extending from Xinjiang, Gansu to Inner
Mongolia and the Loess Plateau ranging from
Gansu, Ninxia to Shanxi in northwestern and
northern part of China at dust storm events are
directly transported from the sources across
Japan toward the Pacific area by strong west
winds (Arao and IsHizaka, 1986; Iwasaka et al.,
1983; Kai et al.,1988; Muravama, 1988; Tanaka et
al., 1989).

Kwon et al. (1996) found that several aerosol
layers were present over Japan at the high
altitude of 4,000-9,000m from sea level by using
lidar observation. In a typical dust storm event,
dust is raised up to a height of several thousand
meters, e.g., 4,000m high in Oklahoma, US.A,, in
February, 1977 (KessLer et al., 1978), 8,000-9,000m
high in Ashkhabad, Turkmenistan, in January,
1968 (Petrov, 1968). This fact suggests that
mineral dust particles might directly reach the
upper troposphere at dust storm events, and that
the sulfate materials accumulated on the ground
surface under arid environment might be directly
transported to high altitudes within the
atmosphere to form sulfate dust aerosols. In the
case of Saharan dust, 0.1-1 mm-sized dust
particles are transported in the troposphere at an
altitude of 2,000-6,000m to the Atlantic Ocean,
5,000km away from the source area (Schutz ef al.,
1981). These facts indicaté that the aeolian dust
particles in the upper troposphere are little
influenced by the anthropogenic sulfate emitted
from the earth surface during long-range
transportation. Therefore it is promising to trace
the dust-supplying sources by sulfur isotope
studies of atmospheric dust particles collected at
high altitude.
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Fig. 1. Location of the Taklimakan Desert and sampling sites.

southern margins of the Taklimakan Desert.
Yaogantuogelake is about 30km inside the
southern margin, while Mazartag is in the middle
of the western part of the Desert.

For grain-size analysis, a sample of 100 g was
sieved, using the Ro-Tap shaking machine, for
two hours, with the following mesh sieves: 14
(1,180xm opening), 26 (600xm), 50 (300xm), 100
(1502m), 200 (75¢m) and 330 (45zxm).

Major-element compositions were determined
for each grain-size fraction using an X-ray
fluorescence spectrometer (Philips PW1404).
Fusion glasses made from the mixture of sample
and flux (LizB«O7) in the proportion of 1:10 were
used for the measurement. Calibration was
carried out using the standard rocks prepared by
the Geological Survey of Japan. Repeated analysis
shows precision better than 5% for POs and better
than 3% for the other major elements.

3. Size Distribution and Chemical Com-
position of Each Grain-size Fraction

Mineralogical and chemical compositions and
grain-size distribution of the aeolian sediments of
the Taklimakan Desert were given in our other
paper (Honpa and Suimizu, 1998). Some grain-size

Table 1. Sample list.

Locality Sample No.

Pishan 2811, 931017.3-b

Qira 3001, 3003, 3004, 931014.1-b, 931014.2
Mazartag 931023.5-b, 931023.6-b

Yaogantuogelake 901018

distributions and chemical compositions are given
in Table 2 and Figs. 2 and 3, respectively.

Table 2 and Fig. 2 give the grain-size
distribution of aeolian sediments in the
Taklimakan Desert. Regardless of locality, the
amount of the grain-size fraction finer than 45um
is very small, less than about 10% in all samples
(Table 2 and Fig. 2). The mean size is 2.4-4.0 ¢
(189-63mm), except for the Qira 3,004 sample
which shows bimodal grain-size distribution.
Sorting, skewness and kurtosis are 0.42-0.99, 0.02-
0.35 and 0.65-1.06, respectively. These parameters
are close to those reported by Quur (1993) and
Isuu et al. (1995); Qmui (1993) reported 3.0-3.2 ¢
(126-108x%m) for mean size, 0.43-0.67 for sorting,
0.08-0.28 for skewness and 0.94-1.55 for kurtosis,
and Isuu et al. (1995) reported 2-3 ¢ (250-125%m)
for mean size and 0.4-1.0 for sorting. Mean sizes
of Pishan samples (3.9-4.0 ¢ ; 67-63%¢m) and



Yaogantuogelake sample (3.8 ¢ ; 72 um) are
smaller than those of Qira samples (2.6-2.9 ¢;
165-134x¢m) and Mazartag samples (2.4-2.7 ¢;
189-154xm) and those studied by Quxur (1993) and
Ishu et al. (1995). Qiaul (1993) also noted that
grain-size distribution in the eastern part of the
Taklimakan Desert is finer and better sorted than
that in the western part. Although the grain-size
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distribution of the Taklimakan Desert sands is
more homogeneous than those of other
sediments around the Desert (Honoa and Shimizu,
1998), minor differences in grain-size distribution
are observed among desert sands from different
sample localities, as discussed above. The
observed difference might be due to differences
in the source material and transport process of
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0 0
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Fig. 2. Grain-size distribution of the Taklimakan Desert sediments.
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the desert sediments.

In Fig. 3, major-element compositions of each
grain-size fraction are compared with the average
for Qira samples in each fraction because Qira is
located closest to the junction of prevailing winds
(InstiTutE OF DESERT, LanzHou, 1971). It should be
noted that major-element compositions for the 45-
75p¢m grain-size fraction show smaller variations
and less deviation from the average composition
for Qira, compared with those for other grain-size
fractions. These results for major-element
compositions reflect the difference in aeolian
transport modes among grains of each grain-size
fraction, because chemical weathering, which is
another possible factor that affects the chemical
compositions, is negligible in a dry environment
such as a desert.

4. Aeolian Transport Modes

Three principal modes of aeolian transport are
proposed (e.g., GreeLey and Iversen, 1985); sus-

pension, saltation and traction. Suspension is the
floating movement of grains in the air; a
suspended grain can travel several kilometers or
more from takeoff to landing. Saltation is the
bouncing movement of grains; a saltated grain
can travel several tens of centimeters from takeoff
to landing. Traction is sliding or rolling
‘movement of grains along the surface. Saltation
and traction are generally called bed load.

VisHer (1969) proposed an approach for
distinguishing the transport mode from the
cumulative grain-size distribution curve on log-
normal probability diagram, assuming that grain-
size of natural sediments is log-normally
distributed. However, it has been suggested that
the grain-size distributions of sediments conform
not to the normal probability function, but to a
hyperbolic probability (e.g., BancoLp and
BARNDORFF-NIELSEN, 1980; BARNDORFF-NIELSEN et al.,
1982). Furthermore, a sediment in the single
transport mode shows a multi-segmented
cumulative curve on a log-normal probability
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Fig. 3. Major-element composition in each grain-size fraction of the Taklimakan Desert sediments, normalized by

average composition of Qira samples for each fraction.

(a) 300-150%m, (b) 150-75x¢m, (c) 75-454m, (d) finer than 45um. Numerical number (n) shows the number of

samples.



diagram (e.g., CHrisTianseN and DaLscaarp, 1984;
FLENLEY et al., 1987).

In this study, the wind velocity boundary for a
particular-size grain between suspension and bed
load is estimated from the ratio of the friction
velocity of wind to the settling velocity of the
grain in the air.

The settling velocity, Ur (cm/sec), of quartz
spheres in the size range 1-50#m can be cal-
culated approximately, according to Stoxes's Law,
(Pye, 1987)
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Ur= KD?, (0))
where D (cm) is the grain diameter and KX is given
by '

_BE
K= 7287 )
where P is the grain density, g (cm/sec?) is the
acceleration due to gravity and # (cm?*/sec) is the
dynamic viscosity of air, K is given as 8.1 X
105cm - 'sec™! for air of 15Cat sea level (Pve, 1987).
The settling velocity for coarser grains can be

@)

Table 2(a). Grain-size distributions (wt%) of the Taklimakan Desert aeolian sediments.

Locality Sample No. grain size (um)
>3350 33502360  2360-1180  1180-600 600-300 300150 150-75 7545 <45
Pishan 2811 <0.01 <0.01 <0.01 0.02 0.14 0.16 34.88 58.11 6.69
931017.3-b <0.01 <0.01 <001 <001 0.07 0.26 31.15 64.84 3.67
Qira 3001 <001 <0.01 0.01 3.55 13.63 33.32 28.62 13.22 7.66
3003 <0.01 <0.01 <0.01 0.37 14.36 47.15 25.43 5.27 741
3004 <0.01 2.89 36.25 15.02 8.06 16.83 11.88 3.10 5.97
931014.1-b <0.01 <0.01 <0.01 0.02 1.76 51.86 32.47 11.22 2.68
931014.2 <0.01 <0.01 <0.01 0.01 0.01 42.36 54.13 1.26 2.24
Mazartag 931023.5b <0.01 <0.01 <001 <001 0.29 54.20 40.97 1.68 2.86
931023.6-b <0.01 <0.01 <0.01 0.07 28.18 36.24 13.10 18.31 4.09
Yaogantuogelake 901018 < 0.01 <0.01 <001 <0.01 0.02 6.57 44.63 37.12 11.66

Table 2(b). Grain-size distribution parameters of the Taklimakan Desert aeolian sediments.

Locality Sample No. mean(xm) mean(¢) median(p)  sorting(¢p) skewness(9) kurtosis(¢)
Pishan 2811 67 3.9 3.9
931017.3-b 63 4.0 4.0 0.44 0.02 0.99
Qira 3001 144 2.8 2.8
3003 165 2.6 2.7
3004 707 0.5 0.8
931014.1-b 154 2.7 29 0.70 0.35 0.99
931014.2 134 29 29 0.42 0.18 0.92
Mazartag 931023.5-b 154 2.7 2.8 0.47 0.28 1.06
931023.6-b 189 24 2.6 0.99 0.32 0.65
Yaogantuogelake 901018 72 38 3.7

¢ =-3.3219 log d (d: diameter of grain size in mm)

Table 3. Settling velocity of quartz grains in air and wind velocity (at 10m height) required to
suspend the grains.

grain diameter (zm)

settling velocity (cm/sec)

wind velocity required to suspend (m/sec)

l:

180
600
300
150
75
45

413
270
160
81
33
16

117
76
45
23

9.3

4.6
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calculated by

_ —3u+ [ 9Pgr’p(P,— P)(0.0088+1.0417
(0.0066+0.7817)

U A(3)

where r=D/2 is the grains radius (Cui et al.,
1983). Friction velocity («*) is given by the
square root of the ratio of shear stress to fluid
density and can be regarded as the wind velocity
just above the ground surface. The value of the
vertical component of wind velocity near the
ground surface is thought to be approximately
equal to the friction velocity (Pye, 1987).
Therefore, when the settling velocity is less than
the friction velocity, the grain moves in the
suspension mode. On the other hand, when the
settling velocity is larger than the friction velocity,
the grain moves in the saltation mode. If the grain
is too large or heavy to be lifted from the ground
surface by the wind, it moves in the traction
mode. In short, the boundary state between
suspension and saltation transport modes can be
given by setting Uy/ u*=1 (Py, 1987).

Settling velocities of quartz sphere grains
whose diameters are 1,180, 600, 300, 150, 75 and
45um are calculated using equations (1) and (3),
and are shown in Table 3; these diameters
correspond to the mesh openings of sieves used
in this study. These settling velocities are equal to
the friction velocities required to suspend these

100
90 -
80
70 -
60
50
40
30
20
10
0

wind blow frequency (%)

0 2 4 6 8 10 12 14 16 18 20
wind velocity (m/sec)
Fig. 4. Wind blow frequency at Qira modified from
Nacasuima et al. (1992).
Uss and Urs are the wind velocities required to
suspend quartz grains with 45 and 75x¢m
diameters.

grains. The friction velocity and the wind velocity
measured at an arbitrary height, 2, is given as
(e.g., PyE, 1987; GreELEY and IVERsEN, 1985)

o= (Fml(Z) @
where U is the wind velocity measured at height
z, u* is the friction velocity of the wind, & is the
von Karman constant which varies with the
temperature gradient but is usually taken to be
0.4, and 2o is the aerodynamic roughness height at
which the wind velocity is zero and is about 1/30
of the sediment grain diameter for closely packed
grains (GreeLEy and Iversen, 1985). In this study, 2o
is set to be 120/30xm because the average mean
size of the Taklimakan Desert aeolian sediment
samples is about 120xm, except for Qira 3004
which shows bimodal grain-size distribution
(Table 2). Generally, z is set to be 10m (e.g.,
Iwanami Physical and Chemical Dictionary. Kuso
et al., 1987). Thus, the wind velocities, at a height
of 10m, required to suspend quartz sphere grains
are calculated for grain-size diameters of 1,180,
600, 300, 150, 75 and 45x¢m, using equations (1),
(3) and (4) (Table 3).

The frequency distribution of wind velocity at
Qira in the southwestern Taklimakan Desert was
reported by NacasHiMa et al. (1992). The wind
velocities required to suspend quartz grains with
45 and 75x¢m diameter are calculated using
equations (1), (3) and (4) and are shown in Fig. 4,
where the wind blow-frequency is plotted with the
corresponding wind velocity. Fig. 4 indicates the
following transport modes for grains with
different diameters in the Taklimakan Desert
sands: suspension for grains finer than 45zxm,
mainly suspension with secondary saltation for

suspending
(@ o5
® %o
. 80 landing
L

Fig. 5. Schematic diagrams of aeolian transport modes.
Suspended grains (a) have smaller chance of
mixing than landing grains (b).



grains with 45-75x#m diameter, mainly saltation
with secondary suspension for 75-150#m grains,
and bed load (saltation and traction) for grains
coarser than 150zm.

5. Interpretation of Grain-Size Distribution
and Major-Element Features Based on
Transport Mode

Figure 4 indicates that grains finer than 45xm
are always suspended in the air of the Taklimakan
Desert. This suggestion is consistent with the
observed grain-size distribution, i.e., the small
amount of the finer-than-45x¢m fraction in the
Taklimakan samples. The discussion further
suggests that wind velocity distributions at
Pishan, Mazartag and Yaogantuogelake are not so
different from that at Qira. Our discussion on the
transportation mode is based on the wind velocity
distribution at Qira reported by NacasHiva et al.
(1992).

Figure. 4 and Table 3 also show that grains of
45-150pm diameter are transported by suspension
and bed load; mainly by suspension for finer 4575
#m grains, and mainly as bed load for coarser 75-
150um grains. In Fig. 3, it is shown that the major-
element composition variation for the Taklimakan
Desert sands is the smallest for the 45-75xm
grain-size fraction, not the grain-size fraction finer
than 45¢m. This result suggests that landing of
traveling aeolian sediments provides a good
chance of mixing with other aeolian sediments at
the ground surface, and that grains that are
always suspended have less chance of mixing
(Fig. 5). The 45-75x¢m grains are considered to

"have more chance of mixing at the ground
surface than grains finer than 45xm.

It is considered that traveling aeolian sediments
in a desert have two modes of the chance of
mixing with other aeolian sediments in the
Desert. One is mixing upon landing, in which
traveling aeolian sediments mix with other
aeolian sediments at the ground surface. The
other is mixing at wind junctions, at which
traveling aeolian sediments mix with other
traveling aeolian sediments. It is also considered
that bed-loaded grains have less chance of mixing
with other grains because they cannot travel long
distances. Suspended grains can travel long
distances but have the less chance of mixing
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because they do not often land. Intermediately
transported grains can travel a longer extent than
bed-loaded grains and land more frequently than
suspended grains, so they should have the
highest chance of mixing.

Between the two grain-size fractions of 45-75xm
and 75-150¢m, chemical variations among
samples are smaller for the 45-75x¢m fraction. It is
suggested that 45-75x¢m grains travel for longer
distances than 75-150um grains and that the 45-
75um fraction becomes more homogeneous than
the 75-150um fraction.

In summary, the transport mode of aeolian
sediment under the wind blow-frequency
observed for the Taklimakan Desert can
consistently explain the following observed
features of grain-size distribution and major-
element compositions of different grain-size
fractions for aeolian sediments in the Taklimakan
Desert: a very small amount of the grain-size
fraction finer than 45%m and smaller deviation of
the major-element composition for the 45-75xm
grain-size fraction than that for fractions with
grain-size finer than 45xm.
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AAZ2&aLHT7 7RG REBROBEL GRS, FHC
HWoghMFEB 7oy Lo, TIOT KRS
LIlbHbENLEEZLADZHONLETLIXBNENS
(IwasAKA et al., 1983, 1988; Kwon et al., 1997). 7o 7 kM
BREOL7a /AN TORRRGEDL 2 @R hOL
Bz, 7oV LOBEHERP, KNTHHELST 5 AR
RRIGEBLT, 77 - KNPSO RBRPRIEICA
ARMBEGITVERLEE LIS, COMBTOID
— R EPEFHRNAE LML E2TVEDIE, o
DS LT HENETHE. TITRROI136% %
it sb 2 BhIE D 5 B IE L A LIRS AT & 0
KFi¥ & CHIBL (Shaw, 1980; Braaten and CaniLt, 1986;
ParUNGO et al., 1994), &R % (X Uil % DL ER YD 7
o= PR, KRB LBENOYHOB
MiokqAEHFE2LTVELEELLNS (Duck et al.,
1980; UemaTsu et al., 1983).

Iwasaka et al. (1988), Oxapa et al. (1987), H 5\ L
NisHikawa ef al. (1991) (%, BEVRL T DILFEMETTHS,
guiuc LT el e BRLAL. ThHDEHIRT, H
HM BT KBEITRIc > TRTANBBbR L HEE
Eha BN FRRNEAAZ RN TORHEZELS
LTHERE. AL s, KEXOLIEN T REMADR
WL, B EZRARD BOTOLE Y ARME L OMT
EITTARIEOB 2D 2MB LR TR L EZS
a6 Ths., BN FORNMBEPZDENTO
LEML BT LERT S LT, HlMHEBToOBE
SHhHTMETHSH, HHiLHPH % BRI TB
RohTHa., LIELIEAVWORTRADIR, 54 4—
FOYE—I LY —THY, Z20MMOFE (F2EM
HERBLANT2HHT2%) 0%, HbxhT
OEMTEDISE ZEHBL,

REHONFORIKIE, KTFoME, 70Vl
BB, MFHHOVL AL B LK (heterogeneous

fAkfER] > - S8H B

reactions) ## X3 LTCHULBWHEO—DTHS. Wik
D4 X—BHTE, NTREOBAICMAT, =70
VILORNHEBILED S KA7 0V L OBIRICET 21
WEMEILBRALNEZ LIS TV S, i, 5
UMELERALL A =i k> THINMTB O LY
oYL KREKOABBE b iTbhs L S5ick->TH5
(MEwr et al., 1989; WHITEMAN et al., 1992; SnisaTa et al.,
1996). HIMASK 7oV i, BEHOEOP
SEPICECAETSERMLT, FEERFICH T O
JE, B FOIBIRT 2 EDTHEMIHEDRE->TVB L
BibNB. T, Z0k LA LHHE DD
EGA DX LPERMEFVTFNTEEESS.
AWRTI, 774 X—icE>THRMShIHN
bob o dyd s VRIR)Y wadiols T SR QAT INER (o] P35
MAERMLAE, SHITOVLOREFEBENOE
EERMEPEIC DO TEBL 7.

2. S -ICLBAKRPOI7OVIHFEK
AEOBHR

ARTHERHEIAL S A X—>ZF AL, NdYAGL
— W, MEImOZAHHEH (Cassegrain),
multichannel photon-counter H{Z & > THK I h TV 3.
Table 1374 X—D LEHALTHE. A4 X—1C&
DTIT7aVILOMELL, WARNED X CHBE%
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ZIT B Mie @) & B rayeisn (Z) 1, THZENIIEZT
DIT7OVARTLELS TORTBILERTHS.

LEHMHIE (0) QIERMEEL TV 3 L—kse7
oVIZE > THELS W, € DBIERGREN Bk
LIch R/ A—2ThH 5. RLALNDEXEHS,
S Lo v —RofYemEic ot LT 'S & EiTh
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WHTH2. s LRI ZhehiE L Bl %
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Y BELEICHLA S A X—Ti)}, Ko KkEX
BEDORERM 23T EMT RS (SHBATA ¢f al.,
1996). ZO&RICE 2 L, 41 DNKEBETORNIRIE
DEIEFGE30/8—L > PALOB O 2IZH 2 2 H5
ERNCIIBIEHHELS , RINDEMEL 2o ASURIET 410
LbhTv3 (Hitzh, 1997).

Table 1. Main characteristics of Roman lidar system.

Transmitter
Laser
Wavelengths (nm)
Energy/Pulse (m])
Pulse Repetition Rate
Laser Beam Divergence
Receiver
Diameter & Optics
Field of View
Detection System
PMT-1 (407.4 nm)
PMT-2 (375.4 nm)
PMT-3 (532 nm)
PMT-4 (532 nm)
PMT-5 (1,064 nm)
Constituents measured here
H20, Oz, N2 (Raman Scattering)

Nd:YAG
1,064 532 355
300 150 150
10Hz

0.2 mrad (after collimation)

Cassegrain Telescope with Diameter of 1m

0.2-5.0 mrad

Reman shift line H20 of Nd: YAG THG
Reman shift line Oz of Nd: YAG THG

P-component of Nd: YAG SHG
S-component of Nd: YAG SHG
Backscatter of Nd: YAG Fund

Aerosol and Air Molecules (Mie & Rayleigh Scattering)

Height Resolution 50 & 100m
12 R
o h {
1
Nus
g ’ q J> )P \
g6 5| 2 j $
I
o ) i \
.| W]

0!2 3 4 5 6 7 8 910111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3!

1094, April

Fig. 1. Vertical profile of scattering ratio (1,064nm: thick line) and depolarization ratio (A =532nm:

thin line) in April, 1994, in Nagoya, Japan.
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TOT AP LBEINAZWUM T NLOEEEL
b0, RETEMHVOKERIERr— L}
HELT7I7R2—Tbs. 74 X—THIHE /1994
SFAHOWUH I TOYLDORHiERE L, HIRNMIZGT
5 F&, RExtmEedcaaLTte s (Fig. D).
ZOESiIC, FUFHIENMEHRMETOTTRLAS
BBIRTAL yo— VP BEHERCEbE A& L
BRTHBLHibha. i, My (1997) &, #
WoOMEBD S 4 X—BH TR LT — 25 HIR
PritzlSHILT, ORI 0 2 4 7o 8%
Atz FORC LT, OO ORIk
HCR6DDRE2 24 TDLDNEHLA, ZhoD
SHLO2DEH NP ER TV S, BB L IEHES
Ab00S5H -2 [HOMH) LR Jhi
IwasAKA ef al. (1988) (2 & BIFFRMCGEL, ERMICHIM
HHEETHHNIATVZ DD, ARIIELL HY
OE|ED LV HDICHIKRT S,

BN FORTMTOKFHROBILKIE, FHAR LK
LEFATEY, HOKTNAKNONOX, SOk, 5
WAV U ENBIN SR, COBRIBEMIH
SOYINBRELTERLOTHETHS I ERBRINT
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Fig. 2. The synoptic stations where the dust rise has been reported at least once in April in 1994,
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Fig. 3. Isentropic trajectories of air mass of altitude of Kosa aerosol layers in April 1994.
Figure A and B are related to trajecories below 6km and over 6km, respectively.
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Fig. 7. Dynamic conversion scheme of long range trans-
port of Kosa aerosol particles.
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Long Range Transport of Kosa Aerosol Particles: Measured
by a Lidar in Spring 1994

Soung-An Kwon*, Yasunobu Iwasaka*, Katsuji Marsunaca* and Takashi Sxipata*

In order to know Asian dust particle distribution in the free troposphere, lidar measurements on scattering ratio
(atmospheric aerosol density), depolarization ratio (nonsphericity of aerosol particles), and relative humidity were made
in spring of 1994 at Nagoya using the Raman scattering effects. Discriminant analysis of the lidar returns suggested that
dust particles were frequently transported from the Asian continent to Japan in spring. Chemical transfer of dust
particles was suggested on the basis of the discriminant analysis and backward trajectory analysis of the air-mass
containing dust particles.

Key Words: Kosa aerosol particle, Lidar measurement, Free troposphere, Long range transport, Discriminant analysis,
Chemical transfer

*Solar Terrestrial Environment Laboratory, Nagoya University. Chikusa-ku, Nagoya 464-8601, Japan.
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Aerosol Particles in the Asian Continental Atmosphere:
Balloon-borne, Aircraft-borne, and Lidar Measurements
in Japan and China

Yasunobu Iwasaka?, Masaharu HavasHr?, Ikuko Mori®, Sun Aun Kwon?,
Katsuji MATSUNAGA?, Guang Yu SHI?, Jun ZHou®, Takashi SHIBATA?,
Masataka Nisaikawa?, Yasuhiko OkuHARAY, Keiichiro HArAY,
Masahiro NacaTant®, Masaharu WatanaBe”, Yoon Sin KiM? and Zhi Ben GoNG?

Atmospheric aerosol measurements (particle size, number concentration, and morphological
features) made in China and Japan showed that the Asian continental atmosphere contained lots of
soil particles. Balloon-borne measurements made over Beijing in China suggested that soil particles
diffused over the boundary atmosphere (the free troposphere). Aircraft-borne measurements made
over Nagoya in Japan suggested that those particles were frequently transported to Japan during
the time when westerly wind dominated over east Asia and the west Pacific region.

From lidar measurements made in Nagoya, particulate matter was frequently transported in the
atmosphere with height range of about 2-6km in spring season.

Key Words: Aerosol particle, Asian continental atmosphere, Baloon-borne measurement

1. Introduction

Asian continent has been recognized as one of
important source areas of atmospheric soil
particles which are globally diffused over east
Asia and the western Pacific region by westerly
wind. The particles give a large influence on
environment and climate in this region through
scattering solar radiation and terrestrial radiation,
long-range transport of particulate matter on
geochemical cycle of various metals and other
constituents, and contribution of particles as
nuclei of cloud condensation.

Recent estimations showed that noticeable
radiative forcing of atmospheric aerosols possibly
occurred over east Asia and the western Pacific
ocean region (KienL and BriecLes, 1993; KieuL and
Roubg, 1995). Many investigations suggested that
soil particles and other atmospheric constituents

were frequently transported from the Asian
continent to Japan, Alaska, and the north western
Pacific Ocean in the free troposphere by westerly
wind (Duck et al., 1980; Uemarsu et al., 1983;
Braaten and CaniLL, 1986; Iwasaka et al., 1988;
Ikecami et al., 1993; Nimura et al., 1994). Electron
microscopic examinations of the particles
collected in the free troposphere over Japan
suggested the possibility that surface of soil
particles acted as a chemical reaction site for
absorbing atmospheric sulfate and nitrate
(Iwasaka et al., 1988), and the soil particles
containing sulfuric acid solution was detected
over the western Pacific Ocean (particle was
collected at 4.5km altitude) (Ikecami et al., 1993).
Additionally, there is a great concern that
anthoropogenic perturbations of atmospheric
particles due to the increase in sulfur loading with
expanding industrial activities and soil particle
loading with desertification in the east Asian
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2 National Climate Research Center, China Meteorology Administration. Beijing 100871, China.
* Anhui Institute of Optics and Fine Mechanics, Chinese Academy of Sciences. Hefei 230031, China.
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Fig. 1. Schematic daiagram of a balloon-borne particle counter used for the measurements
of atmospheric aerosol concentrations in the Asian continental atmosphere (Iwasaxa

et al., 1997).

regions (e.g., HoucHTton, 1996).

Although the effect of atmospheric particles on
radiation, clouds, precipitation, and overall
climate in east Asia and the western Pacific region
has been recognized, acquired knowledge
pertaining to causes and effects so far is
inadequate. The information has been based
mostly on measurements made in the surface
atmosphere but few measurements in the free
atmosphere where long-range transport of
atmospheric constituents is expected to be active.

The purpose of this paper is to show atmos-
pheric particles in the free troposphere over east
Asia on the basis of aircraft-borne, balloon-borne,
and lidar measurements made in China and
Japan.

2. Size and Number Concentration of Free
Tropospheric Particles —Measured over
Beijing in China and Nagoya in Japan—

A balloon-borne optical particle counter has
been developed to measure particle size and
number concentration in the free troposphere and
the stratosphere by atmospheric research group
of Solar Terrestrial Environment Laboratory,
Nagoya University and engineering group of
SIGMATEC Co. Ltd. The detailed description
about the particle counter used here was already
given in other paper (Tsuchiva et al., 1996), and

Temperature(K)
100 150 200 250 300
35 3
1993.08.22
30 3
25

2

Height(km)
~{

15t

10 |

0 PRy B RPN T SR R T T BT T e |

10° 10' 10t 10° 10 10°
Number Concentration (cm™) X1000

€:0204m O:0205m A:D22.0m
: Temperature (K)

Fig. 2. Number concentrations of particles with
diameters (D) larger than 0.4, 0.5, and 2.0#m
measured with balloon-borne particle counter at
Xianghe, Beijing (40°N, 116" E) on August 22,
1993 (Iwasaka et al., 1997).



the outline of the counter is described here. The
counter contains a halogen lamp or semi-
conductor laser as light source, light scattering
chamber, photodiode as detector of the scattering
light by the particles, an air pump used to
introduce aerosols, electronics, and battery used
for electric power source (Fig. 1).
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Figure 2 shows some examples of balloon-
borne measurements of aerosol concentration
density made with the optical particle counter at
Xianghe, Beijing (40° N, 116° E) on August 22,
1993 and September 15, 1994. According to the
temperature distribution measured, tropopause
height was 15km and small temperature inversion
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Fig. 3. Number-size distribution of atmospheric particles obtained from the aircraft measurements made over Nagoya

(35.5°N, 136.5" E) area in the springs of 1991, 1992, 1993, and 1994.
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was observed near 13km. Noticeable con-
centration peak of the particles with diameters
(D) 2 0.4 and 2 0.5¢m is found at 22km and
minimum of concentration at 13km in the
measurements of 1993. The particles with D 2
2.0um decreased above about 12km.

A large difference in aerosol size distribution is
expected between the region above and below
about 13km, suggesting that stratospheric
aerosols contained only few supermicron
particles.

The peak concentration of particles with D 2
0.4xm in the stratosphere (3 particles/cm? at
22km) was apparently larger than the values
observed during the quiet stratospheric period
without volcanic disturbance (e.g., Hormann et al.,
1975; Hormann and Rosen, 1982; Jacer and
Hormann, 1991; DesHELer et al., 1992). According
to those previous measurements, the number
density of the particles with D 2 0.3xm was in the
range of 0.5-1.5 particles/cm?® during the calm
stratospheric period.

Below the tropopause number concentration of
atmospheric particles showed large irregular
variations. The concentration peak of aerosols
with D 2 0.4¢m is found at heights of 8km and
5km, and others seems to well correlate to the
peak of particles with D 2 0.5#m. However,
features in the profile of concentration of particles
with D 2 2.0um is apparently different from those
profiles. The concentration profiles of particles
with D 2 2.0#m seems to be more uniform than
those of particles with D 2 0.4 and 0.5xm. In the
previous measurements made over the north
American area (HorMann and Rosen, 1982; Rosen
et al., 1988), concentration of particles with D 2
1.9#m appeared to be less uniform and increased
from about 10-5 to 10-1 particles/cm? as the
height decreased having large variations in the
middle and lower troposphere.

Every spring, Asian dust particles are
frequently transported to Japan by westerly
prevailing winds. The haze produced by the dust-
storm particles in Japan is called ‘Kosa’ in
Japanese which literally means ‘yellow sand’ .
The number-size distributions of aerosols
measured with an aircraft-borne particle counter
in the springs of 1991, 1992, 1993, and 1994 over
Nagoya (35.5° N, 136.5° E) in Japan are shown
(Figs. 3a-h). Most of the distributions in the

figures show small peaks in the range of coarse
particle size (mostly 0.89, 1.0, or 1.3¥m diameter)
at the altitudes of both 2.3 (+ 0.3) and 4.4 (% 0.3)
km, possibly due to soil and/or sea salt particles
which are directly injected into the atmosphere
from the local ground sources. In addition to
those, soil particles transported from the Asian
continent is, as described below, possible source
of those coarse particles.

Iwasaka et al. (1988) suggested that weak KOSA
events were frequently identified in the free
troposphere, typically in the range of 2km to 6km,
over Japan in spring from lidar measurement,
even when KOSA events were not reported by the
meteorological observatory.

KristaMENT et al. (1993) and LecHNER et al.
(1989) observed the number-size distribution
patterns of free tropospheric aerosols around
New Zealand and over the southwestern Pacific. A
comparison of the present results with their
results shows the number concentrations in
dN/dlogD (D=diameter) in the diameter range of
0.7-2.0x¢m over Japan in spring are 10-100 times
higher than those of the marine atmospheric
particles. Microscopic measurements of particles
collected at 4.4km altitude, as described below,
frequently showed existence of irregular shape
particles, possibly soil particles, with a diam-
eter 2 10xm. Active transportation of soil particles
from the Asian continent to Japan by westerly
winds seems to clearly explain the discrepancy
between the results here and those obtained in
the marine atmosphere over the southwestern
Pacific ocean.

Backward trajectory analysis of air masses,
even though not shown here, indicates that most
of the air mass came from the Asian continent to
Japan within a few days in winter and spring (e.g.,
Iwasaka et al., 1996).

3. Electron Microscopic Examinations of
Individual Atmospheric Particles

Figure 4 shows the transmission electron
microscope (TEM) imagery of a particle collected
on thin calcium film in the flight at 4,350 m
altitude on April 23, 1987 over Nagoya, Japan
(Iwasaka et al., 1988). It is worth noting that the
TEM imagery showed a trace indicating the
existence of water surrounding the electron-



dense particle (possibly one of soil particles
transported from the Asian continent). A calcium
thin film is very sensitive to water, and therefore
the trace of water easily forms on calcium thin
film surface. According to the lidar measurements
on April 23, 1987 the aerosol layer, which was
suggested to be Kosa particle layer on the basis of
depolarization ratio measurements (description of
depolarization ratio is given later), was found in
the height of 3.0-4.5km over Nagoya. Therefore,
the particle shown in Fig. 4 was suggested to be
collected in the Kosa particle layer found in the
lidar measurements. Measurements of mete-
orological sondes at Hamamastu Meteorological
Observatory (about 60km southeast of Nagoya)
showed that the relative humidity was about 75%
in the vicinity of peak of the aerosol layer
detected by a lidar on April 23, 1987.

This TEM imagery is very suggestive of the
role of Kosa particles as chemical reaction sites of
atmospheric gases. When Kosa particle coated by
water travels in the atmosphere, various
atmospheric gases, e.g., SOx and NOx, may be
absorbed and complex heterogeneous reactions
can follow during the transport. If so, Kosa
particles seem to play an important role as
chemical reaction sites in the atmosphere and to
act as carrier of the products by these chemical

Fig. 4. Electron micrograph (Transmission electron

microscopic imagery) of particles collected on
calcium thin film.
Particle collection was made on April 23, 1979 at a
height of 4,350 m (over Nagoya (35.5' N, 135.5°
E)). The trace of solution is observed around the
electron dense particle (Kosa particle).
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reactions (Oxana et al., 1990).

From our recent balloon-borne measurements
made at Xianghe (40° N, 114° E), Beijing, China
in 1993 and 1994, soil particles with the sizes of
supermicron were frequently identified in the
continental free troposphere by electron
microscopy. Some examples of the measurements
with a scanning electron microscope (SEM) are

Fig. 5. Electron micrograph (Scannning electron
microscopic imagery) of particles collected in the
Asian continental atmosphere at Xianghe, Beijing
(40' N, 116" E) on August 22, 1993 (Iwasaka et al.,
1997).

Upper panel (a): particles collected in 19.4-20.6km
altitudes (the lower stratosphere),

Middle Panel (b): particles collected in 12.1-13.9km
altitudes (the upper troposphere).

Lower panel (c): particles collected in 4.2-5.7km altitudes
(the middle troposphere).
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vapor concentration in August, higher than in
April.

In summer, the marine atmosphere having
large amounts of water vapor dominates over
Japan according to expansion of the Pacific
anticyclone, and higher relative humidity is
frequently observed. The high relative humidity
in summer, shown in Fig. 6, seems to correspond
well to such general trend in activities of the
Pacific anticyclone. As suggested by many
investigators (e.g., Duck et al., 1980; Iwasaka et al.,
1983; UeMatsu et al., 1983; Arao and Isuizaka, 1986;
LeNeN ef al., 1994), westerly wind transported lots
of dust particles from the Asian continent to
Korea, Japan, and the Pacific Ocean in spring.
High concentrations of particulate matter in the
spring free troposphere observed here showed
good agreement with those previous studies, and
fine structures in the aerosol layers, which were
not measured previously, were detected in the
present lidar measurements.

Comparing the water vapor content in April and
August, the relative humidity in April was
apparently lower than the values in August. Only
from the present lidar measurements, it is
impossible to conduct directly the possibility that
dust particles have solution on their surface
through condensation of water vapor under the
high relative humidity. However, recent
laboratory experiments (private communication
of Sakamoto, 1996) suggested that surface reac-
tion of Kosa particles became rapidly active
according to increase in relative humidity, and the
particles actively absorbed SOx under the
condition of relative humidity = 30%.

It is important to discuss the history of relative
humidity of air mass containing Kosa particles. If
the air mass containing lots of soil particles meets
high relative-humidity condition before reaching
the lidar site, those particle can have solution on
their surface and keep it even after relative
humidity of the air-mass becomes low.

5. Conclusions

Aerosol particle size, concentration and
features have been intensively investigated in east
Asia and the western Pacific region in previous
researches. Most of those measurements were
carried out on the basis of collection of

atmospheric aerosols in the boundary atmosphere
and the measurements of behavior of free
tropospheric aerosols were extremely limited
owing to technical difficulty. Knowledge on
behavior of particles in the free troposphere is
essential to obtain better understanding of
contribution of atmospheric particles to global
geochemical cycle of chemical constituents and
radiative forcing of particulate matter.

The measurements of free tropospheric aerosol
particles made in Japan (aircraft-borne and
ground-based lidar measurements) and in China
(balloon-borne measurements) showed that soil
particles frequently diffused into the free
troposphere and transported over Japan. Soil
particles having solution layer over the particle
surface was observed in the free troposphere over
Japan on the basis of electron microscopic
examinations. Existence of such particles
suggests that particles can have active reaction
site on their surface and affect geochemical
budget of atmospheric constituents such as SO2
and NOx in east Asia and the western Pacific area
through the surface reactions.

Since measurements of dust particles in the
middle and upper troposphere are very limited, it
is desired to make balloon-borne, aircraft-borne
and lidar measurements at many points in east
Asia and the western Pacific region in order to
obtain better understanding of effect of soil
particles on climate and/or environment in these
regions.
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IBC (1.5 - 6km Integrated Backscattering Coefficient)
Shapatou, 1996 (Daytime Observation)
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IBC (1.5 - 6km Integrated Backscattering Coefficient)
Shapatou, 1996 (Nighttime Observation)
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