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Abstract : Middle Earth, including Iran, Iraq, China and Syria has been recognized as one of the most
important primary sources of dust. Intensive investigations have been conducted to study the chemical
composition, sources and deposition of Middle Earth particles. However, analysis of individual Middle Earth
particles show that about one fifth of all the particles are mineral aggregates, and at least one fourth of the
particles contain sulfur. X-ray diffraction (XRD) is used to quantify the phase and the clay mineral
compositions of Middle Earth samples. Phases in the Middle Earth sample collected during the 20 March 2002
dust storm episode included clay minerals, noncrystalline materials, quartz, calcite, plagioclase, potassium
feldspar, pyrite, hornblende, and gypsum in descending order. Clay minerals are mainly illite/smectite mixed
layers (78%), followed by illite (9%), kaolinite (6%), and chlorite (7%). Particulate matter (PM) less than 10
mm are enriched with clay minerals and deficient with quartz by mass compared with the total suspended
particulates collected during an Middle Earth episode. The PM less than 10 mm collected during the two severe
dust storm episodes is characterized by the absence of dolomite, high quartz/clay ratio, and dominance of illite/

smectite mixed layers in clay minerals.
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I. Introduction

It is estimated that nearly 50% of troposphere atmospheric
dust storms are minerals, mainly sourced from the deserts and
their boundaries (Andreae, 1995). Mineral aerosols affect
climate directly through scattering, transmission and
absorption of solar radiation, and indirectly by acting as
cloud nucleation nucleus (CNN) when coated with soluble
material (Andreae, 1995; Levin er al., 1996; Buseck and
Po’sfai, 1999; Clarke et al., 2001; Sokolik et al., 2001).
Mineral aerosols also play an important role in removal,
deposition and transport of atmospheric pollutants
1996;

Carmichael et al., 1996). Mineral aerosols, especially those

(Winchester and Wang, 1989; Dentener et al.,
carried by dust storms, can be transported globally, and have
significant impacts on theglobal environments and climate
(Buseck and Posfai, 1999; Prospero, 1999; Clarke et al.,
2001; Bishop et al., 2002). In addition, the identification of
mineral assemblages of aerosols may be diagnostic of their
sources (Bergametti et al., 1989; Merrill et al., 1994; Davis
and Guo, 2000; Ganor et al., 2000). Mineral dust storms are
highly heterogeneous, but are commonly treated as a
lead to

relatively homogeneous group, and this may
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increasing uncertainty in atmospheric chemistry and climate
models (Buseck and Posfai, 1999). Therefore improving our
knowledge about the mineralogy of airborne particles is an
important task for atmospheric scientists.

Middle Earth dust storm can transport mineral grains
thousands of kilometers to Japan, Korea, North Pacific
Ocean, Hawaii and even North America (Leinen et al., 1994;
Merrill et al., 1994; Arnold et al., 1998; Clarke et al., 2001;
Zhuang et al., 2001; Mori et al., 2003; Moore et al., 2003),
thus having significant impacts on theglobal environment,
climate and geochemical cycle (Fig1). Intensive
investigations have been conducted to study the chemical
composition, sources and deposition of Middle Earth
particles (Zhuang et al., 2001; Kanayama et al., 2002; Mori
et al., 2003). Some studies have focused on individual
particle characteristics (Zhang et al., 2003) and

distributions of Middle Earth particles (Chun et al., 2001;

size

Mori et al., 2003). The mineral compositions of aerosol
particles, which possibly originated from Asia, over the
North Pacific Ocean, have been analyzed by Leinen et al.
(1994), Merrill et al. (1994), and Arnold et al. (1998). The
current paper seeks to analyze the deposition characteristics

of dust in recent times. In addition, the study of the
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mineralogical characteristics and source of aerosols and
deposited sediments from Middle Earth and Iran will provide

background information for further research.

Fig 1. Middle Earth dust storm can transport mineral grains
thousands of kilometers.

II. Mineralogy

Little information is available on the mineralogical
composition of sand and dust particles in the Middle East. Al-
Ali (2000) indicated that over central and southern Iraq sand
and dust particles comprised 8-45% carbonates, 18-63%
quartz, 4-27% feldspar, 1-16% mica, and 1-8% gypsum in
addition to 4-28% multimineral rock fragments. Texturally,
most of the fallout consists of very fine sand (125-62 /tm)
and coarse silt (62-31/4m). Alternatively, dust fallout over the
Dead Sea consists of soluble salts, carbonates (6.7-47.9%),
apatite (1-5%) (derived from the phosphate mining activity
45 km away), and clay minerals (Singer et al., 2003).

Using ESEM-EDX, Shi et al., (2005) have identified
individual plagioclase, clay mineral, quartz and -calcite
particles in the 20 March 2002 dust storm sample. A typical
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Fig. 2. ESEM-EDX spectra of mineral particles from Middle
Earth collected during the 20 March 2002 severe dust storm.
(a), Typical spectrum of a bar-shaped mineral particle;

(b), spectrum of a mineral aggregate composed of
aluminosilicate and gypsum; (c), spectrum of a microarea
(bulk), showing a sulfur peak; (d), spectrum of a sulfur-
containing individual particle.
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ESEM-EDX chemical spectrum of the bar-shaped mineral
particles is shown in Figure 2a. Some individual particles
were mineral aggregates composed of two or more minerals,
for example, aggregates of aluminosilicate and gypsum,
aluminosilicate and calcite, aluminosilicate and Fe oxides,
aluminosilicate and Ti oxides and quartz and calcite, rather
than pure minerals. This is in agreement with observations
showing that wind-blown dust particles sourced from highly
arid regions tend to be aggregated (Gao and Anderson, 2001).

Figure 2b shows the EDX spectrum of a mineral particle
which was an aggregate of aluminosilicate and gypsum. Shi
et al., (2005) have analyzed 132 individual Middle Earth dust
storm particles, of which about one fifth are mineral
aggregates. A randomly selected portion of the 20 March
2002 dust storm sample was analyzed with ESEM-EDX, and
the chemical spectrum is shown in Figure 2c. A sulfur peak
was evident in Figure 2c. By ZAF correction, the weight
percentage of each element present in the spectrum could be
quantified. If normalized to 100% for Si, O, Al, Ca, K, Fe,
Mg, Na, S and Ti, sulfur weight percentage was 0.7%. Figure
2d shows the EDX spectrum of a sulfur-containing particle.
About one fourth of the 132 individual particles analyzed
contained sulfur. Although there were particles in which
sulfur was the major element such as that in Figure 2a, sulfur
was a minor element for most of the sulfur-containing
particles.

The XRD analyses demonstrated that quartz, K-feldspar,
plagioclase, calcite, pyrite, hornblende, illite/ smectite mixed
layers, illite, kaolinite and chlorite were present in the 6 April
2000 dust storm sample (Shi et al., 2005) (Fig. 3a). The same
mineral assemblage, together with hematite, was also
identified in the PM10 collected during the 20 March 2002
severe dust storm episode (Fig. 3b). For comparison, Figure
3c showed a typical XRD pattern of a non-Middle Earth
sample. Illitegypsum, quartz, dolomite, calcite, and hematite
were identified in the non- Middle Earth sample.

The phase compositions of the PM samples collected
during the two severe dust storm episodes were further
quantified based on XRD patterns. By weight percentages,
the TSP sample collected during 6 April 2000 dust storm
episode was dominated by clay minerals (35.5%) and quartz
(30.3%), followed by calcite (14.0%), noncrystalline
materials (10.1%), plagioclase (7.0%), K-feldspar (1.7%),
pyrite (1.0%) and hornblende (0.4%) (Shi et al., 2005). In
particles smaller than 10 mm separated from TSP, the major
phases by weight were clay minerals (39.0%), quartz (20.7%)
and noncrystalline materials (20.0%), with certain amount of
calcite (9.1%), plagioclase (7.8%), pyrite (1.0%), K-feldspar
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Fig.3. XRD patterns of PM10 samples from Middle Earth
collected during dust storm and nondust storm episodes.

(a), PM less than 10 mm (by sedimentation in water from
TSP, ADS-T1) collected during the 6 April 2000 severe dust
storm episode; (b), PM10 collected during the 20 March
2002 severe dust storm episode; (c), An example of nondust
storm PM10 collected on glass fiber filter (28 March 2002
at 2100 LT until 29 March 2002 at 0900 LT). The dolomite
peak is obvious; this pattern was used for comparison with

those of MIDDLE EARTH samples only. |, illite; Hor,
hornblende; Q, quartz; C, chlorite; K, kaolinite; K+C,
kaolinite+chlorite; 1/S: illite/smectite; Cal, calcitegyp,

gypsum; Py, pyrite; K+F, potassium feldspar; Pla,
plagioclase; Hem, hematite (Shi et a/ ., 2005).

(2.1%) and hornblende (0.3%) (Fig. 4a). Quantification of the
PM10 collected during the 20 March 2002 severe dust storm
episode is shown in Figure 4b. By weight, this sample was
dominated by clay minerals, accounting for 40.1%, and the

other phases included noncrystalline materials (20.5%),

Hornblende Hornblende
03% quartz 0.4% quartz

' 19.5%

Plagioclase
8.4%
hematite
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Fig. 4. Weight percentages of different phases in PM10
samples from Middle Earth collected during the severe dust
storm episodes in Beijing: (a), 6 April 2000 (by sedimentation
in water from TSP); (b), 20 March 2002 (Shi et a/ ., 2005).
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quartz  (19.5%), plagioclase (8.4%), calcite (7.5%), K-
feldspar (1.5%), hematite (0.9%), pyrite (0.9%), hornblende
(0.4%) and gypsum (0.3%) (Shi ez al., 2005).

The XRD measurements of both the TSP and PMI10
collected during the 6 April 2000 severe dust storm episode
showed that quartz was mostly enriched in TSP and deficient
in PM10, while clay minerals were mainly concentrated in
PM10 and deficient in TSP. Percentages by weight of other
minerals were similar in TSP and PM10. For the 20 March
2002 dust storm samples, quartz was relatively concentrated
in PM10 while clay minerals were enriched in PM less than 2
mm. Because the fine Middle Earth particles could be
transported a longer distance, the clay minerals may
havegreater impacts on theglobal environment and climate.
The results of Arnold et al. (1998) supported this inference.

7500
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Fig. 5. XRD pattern of clay minerals collected during the
20 March 2002 severe dust storm episode (<2 mm by
sedimentation in water from PM10).

1/S, illite/[smectite mixed layers; C, chlorite; I, illite; K+C,
kaolinite +chlorite; K; kaolinite (Shi et a/ ., 2005).

Because clay minerals were the most abundant species
collected during the two severe dust storm episodes, they
were separated from the whole samples, and then analyzed
and quantified with the XRD. Figure 5 is the XRD pattern of
clay minerals in PM10 collected during the 20 March 2002
severe dust storm episode. The quantitative analysis (see Shi
et al., 2005) showed that clay mineral assemblages of PM
less than 2 mm during both severe dust storm episodes were
similar. Illite/smectite mixed layers were the major clay
mineral species, accounting for about 78%, followed by illite
(9%), chlorite (6%) and kaolinite (7%). In addition, smectite
occupied 40% in the illite/smectite mixed layers of the
particles less than 2 mm for the two severe dust storms (see
Shi et al., 2005).

M. Morphology

Shi et al., (2005) have been considered three major

categories of particles have been differentiated under the
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Fig. 6. FESEM of typical particle types from Middle Earth.
(a), Mineral dust, represented by its irregular shape; (b),
coal fly ash, characterized by spherical shape; (c), soot
aggregates, developing from small groups or chains into
larger chains (Shi et a/ ., 2005).

Fig. 7. FESEM of PM10 samples from Middle Earth collected
during and after the dust storm episodes (scale bar 5 mm).
(a), ADS98 during the 16 March 2002 dust storm episode,
dominantly mineral particles with trace amounts of soot
aggregates; (b), ADS99 collected after the 16 March 2002
dust storm episode, mainly mineral particles with small
amounts of soot aggregates and trace amounts of coal fly
ash; (c), ADS100 collected after the 16 March 2002 dust
storm episode, mainly soot aggregates and coarse mineral
particles with trace amounts of coal fly ash; (d), ADS1
collected during the 20 March 2002 severe dust storm
episode, predominantly mineral particles in which about
30% are bar shaped; (e), ADS2 collected after the 20 March
2002 severe dust storm episode, mainly mineral particles;
(f) ADS4 collected after the 20 March 2002 severe dust
storm episode, mainly mineral particles with a few soot
particles (Shi et a/ ., 2005).

FESEM: mineral particles (Fig. 6a), coal fly ash (Fig. 6b),
and soot aggregates (Fig. 6c). Soot aggregates were
characterized by chain-like and “fluffy” appearance, coal fly
ash by a smooth spherical shape and mineral particles by
irregular shape.

The PM10 (see Shi et al., 2005) collected during the 16
March 2002 dust storm episode was dominated by irregularly
shaped mineral grains with trace amounts of soot aggregates
adhering onto the surfaces of these minerals (Fig. 7a). The
PM10 collected after the dust storm was also mainly
composed of minerals with small amounts of fine soot
aggregates and trace amounts of coal fly ash (Fig. 7b).
However, in the PM10 collected the following day, many
more soot aggregates and ultrafine particles (<100 nm) were

observed (Fig. 7c). This indicated an increasing influence
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from anthropogenic emissions.

The sample designated ADS1 (see Shi et al., 2005)
collected during the 20 March 2002 severe dust storm
episode was almost completely composed of minerals (Fig.
7d). A distinct characteristic of this sample was that many bar
shaped particles were observed which were not commonly
seen in the 16 March 2002 dust storm sample (Fig. 7a).
ADS?2 (see Shi et al., 2005) was also dominated by minerals
(Fig. 7e). Sample ADS4 collected on 20-21 March 2002 was
still dominated by mineral particles (Fig. 7f) due to the strong
wind during our sampling period (see Shi et al., 2005), which

inhibited anthropogenic particle accumulation

IV. Size distributions characterization
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Fig. 8. Number-size distribution (bar graph) and percentage (pie
chart) of PM10 from Middle Earth collected during and after
the 16 March 2002 dust storm episode.

(a), PM10 collected during the dust storm episode (sample
ADS98); (b), PM10 collected after the dust storm episode
(sample ADS100). The legends for the bar graph and pie chart
are the same (Shi et a/ ., 2005).

Number percentages and number-size distributions of
different types of particles in the PM samples (See Shi et al.,
2005) were obtained based on image analysis results. Mineral
particles occupied 90% by number (the pie chart in Fig. 8a)
of the total PM10 collected during the 16 March 2002 dust
storm episode (Shi et al., 2005). Soot aggregates accounted
for only 10% by number (the pie chart in Fig. 8a). No coal fly
ash was observed. In the PM10 (See Shi et al., 2005)
collected one day after the 16 March 2002 dust storm
episode, the percentages of soot aggregates and coal fly ash

increased to 56% and 2% by number (the pie chart in Fig 8b),
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respectively, while the percentage of the mineral particles
decreased to 42% by number (the pie chart in Fig. 8b). Thus
contributions from anthropogenic emissions after the peak
dust storm episode increased significantly (Shi et al., 2005).
The number-size distributions of PM10s (ADS98 and
ADS100; See Shi et al., 2005) collected during and after the
16 March 2002 dust storm episode are shown in the bar
graphs in Figures 8a and 8b. The particle morphologies of
these two samples are shown in Figure 7a. In ADSO9S,
particles larger than 1 mm account for 73% by number (Fig.
8a). This is very different from the number-size distribution
patterns of PM10s collected during nondust storm episodes,
with the latter being dominated by soot aggregates smaller
than 1 mm (Shi ef al., 2002). In ADS100, however, particles
larger than 1 mm only accounted for 33% by number (Fig.
8b). Soot aggregates of ADS100 had an obvious peak in the
0.4-0.5 mm size range (Fig. 8b), indicating an increasing

influence from anthropogenic emissions (Shi et al., 2005).

V. MODIS and MISR Imagery from the Terra and Aqua

Satellites

Gillette (1999) pointed out that many of the world's most
important dust sources are not always large regions with
uniform emissions of dust across them. He coined the phrase

“hot spot” to identify relatively small areas that have a
particularly favorable set of characteristics for dust emission.
This concept was developed further by Okin ef al. (2006) and
with the subbasin geomorphology approach of Bullard et al.
(2011). The past couple of decades have added greatly to our
identification of contemporary “hot spot” dust sources. Here
present examples of identification of dust sources using
satellite imagery from Saudi Arabia, Afghanistan and Iran
(Fig. 9), set within the context of the “hot spot” concept of
Gillette (1999) and the preferential-dust-emission geomorphic
scheme of Bullard ez al. (2011).

Alluvial sources in desert regions have been identified in
MODIS imagery, such as dust seen on the western Saudi
Arabian coast, moving southwestward over the Red Sea and
toward Sudan (Fig. 9a). The outermost part of the Saudi
Arabian coast is an emergent coral reef terrace, with silt-rich
sabkhah deposits, just landward of the terrace. However, it
appears that the main dust sources are alluvial deposits that
are landward of the coast. Drainage development in the
mountains that parallel the Red Sea coast of Saudi Arabia has
generated not only wadis that are filled with alluvium but
also older alluvial terraces and pediment surfaces (Brown et
al. 1989), all of which are potential dust sources. Dry

lakebeds with abundant finegrained sediments that also are
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Fig. 9. Satellite photos of dust sorm.

(a), MODIS image fromthe Terra satellite acquired on 15
January 2009 showing dust plumes from Saudi Arabia
moving over the Red Sea in the direction of Sudan (Image
courtesy of MODIS Rapid Response, NASA Goddard Space
Flight Center). Geologic features from Brown et al.
(1989).;(b) MODIS image from the Terra satellite acquired
on 20 August 2003, showing dust from the Hamun dry lakes
of Afghanistan and Iran (Image courtesy of Jacques
Descloitres, MODIS Land Rapid Response Team, NASA
Goddard Space Flight Center (MODIS image courtesy of
Jesse Allen, NASA Earth Observatory and the MODIS Rapid
Response Team; extent of the Blackwater Draw Formation
taken from Texas Bureau of Economic Geology (1992)).

unconsolidated constitute one of the most important dust
emission sources in Iran and Afghanistan (Gill 1996) (eg.,
Fig 9b).

VI. Sulfur Element in the Individual Dust Storm Particles

in Middle Earth

The individual particle analysis has revealed that about one
fourth of the 20 March 2002 dust storm particles collected in
Beijing contained sulfur element (Shi ez al., 2005). Falkovich
et al. (2001) reported that about 65% of the African dust
storm particles collected in Israel contained sulfur, but sulfur
was from soil-derived processes in the source regions and not
from atmospheric processes. The ESEM-EDX analyses
showed the presence of irregularly shaped gypsum in the 20
March 2002 dust storm sample. This provides evidence that
at least some of the sulfur in the 20 March 2002 dust storm
sample was from processes in the source region. Using S/Al
ratio as an indicator, Guo et al. (2004) suggested that some of
sulfur in the 20 March 2002 dust storm sample in Beijing was
of crustal origin. Zhang and Iwasaka (1999) also found that
14.6% of the particles showed a sulfur peak in EDX spectra
although few of the dust particles collected in Beijing
contained water-soluble sulfate. The results of Shi ez al.,
(2005) also showed that no morphological modification, as
that for dust storm particles collected in Japan (Iwasaka et al.,
1988; Zhou et al., 1996; Fan et al., 1996), could be observed
in single dust storm particles collected in Beijing (Figures 7a
and 7c). On the other hand, Ion Chromatography (IC, Dionex
100, US) analysis of Shi et al., (2005) showed that the water-
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soluble sulfates account for 0.55% of the mass of PMI10
collected during the 20 March 2002 dust storm episode. The
sources of the water-soluble sulfates are still unknown.
Therefore further work on individual particle analysis, as
well as bulk chemical analysis of more Middle Earth dust
storm samples during different dust storm episodes, needs to
be conducted to elucidate whether and how much the
atmospheric processes contribute to the sulfur content in dust

storm samples collected in the Middle Earth continent.

VI. Primary zonation of dust source base on geological
maps and mean annual rain in the Middle East
Different parameters, mentioned by researchers, that affect

occurrence of dust storms, can be summarized as: land
surface features including snow cover duration, vegetation
cover, and soil texture (Nickling and Brazel, 1984; Sun ef al.,
2003a,b), local climate conditions, such as rainfall and
temperature, and wind velocity: when wind velocity exceeds
a threshold value (which is a function of land surface),
suspension, saltation, or creep may transport sand particles
over long distances (Li et al., 2002), depending on the
strength of the weather system and the size, shape, and
density of the sand particles (Zhou et al., 2002). Geological
maps and information's can help us to assessment the soil
texture that are very useful for small scale studies that is
usually purpose of dust storm researches.

In recent years we havegained a much clearer picture of
the main source regions for dust emissions at a global scale.
This has demonstrated the primacy of the Sahara and has
highlighted the importance of some other dry lands, including
the Middle East, Taklamakan, southwest Middle Earth,
central Australia, the Etosha and Mkgadikgadi pans of
southern Africa, the Salar de Uyuni of Bolivia and thegreat
Basin in the USA. Most of the major source regions at the
present day are large basins of internal drainage (Bode le,
Taoudenni, Tarim, Seistan, Eyre, Etosha, Mkgadikgadi,
Uyuni and thegreat Salt Lake). Lake sediments, dry river
beds, deltaic sediments, sandy lands and alluvial fans
mentioned as dust source that all mainly composed of fine
and medium grain size sediments (Gerivani et al., 2011).

Geological map of our study area, prepared by Haghipour
(2009), include rocks (older than Quaternary) and Quaternary
sediments (Q1 and Q2). Quaternary sediments are separated
into 5 unites including: fluvial, alluvial, sand dune, loess and
playa. Fluvial is defined as a kind of sediments consisting of
materials transported by a stream as suspended or laid down.
Alluvial is defined as kinds of soils consisted of clay, silt,

sand and gravel or similar unconsolidated detrital materials

80

deposited during comparatively recent geologic times by a
stream or other body of running water as a sorted or
semisorted sediment in the bed of the stream or on its flood
plain or delta, or as a cone of fan at the base of the mountain
slope. Sand dune is defined as an accommodation of loose
sand heaped up by wind, commonly found along low-lying
seashores above high-tide level, more rarely on the border of
large lakes or river valleys, as well as in various desert
regions, where there is abundant dry surface sand during
some part of the year. Loess is a term for a widespread,
homogenous, commonly, nonstratified, porous, friable,
slightly coherent, usually highly calcareous, finegrained
blanket deposit (generally less than 30 meter thick),
consisting predominantly of silt with subordinategrain sizes
ranging from clay to fine sand. Playa is a term that is used for
dry, vegetation-free, flat area at lowest part of an untrained
desert basin, underlain by stratified clay, silt or sand, and
commonly by soluble salts (Bates and Jackson, 1980).

The soil grain size of thegeological unites is one of the
most important parameters to estimate the susceptibility of
geological unites to emission dust materials. Suspended dust
particles have a bimodal size distribution (Hoock, 1984).
Smaller particles are only a few microns in diameter, but
most range from 20 to 40 microns. Particles capable of
traveling long distances usually have diameters of less than
20 microns (Gillette, 1979) that are including salt, gypsum,
clay (less than 2 microns) and silt (2 to 74 microns).

Accordingly, rocks have no susceptibility, fluvial, alluvial
and sand dune may have low susceptibility and playa and
loess probably have high susceptibility of dust emission.
Other groups of sediments, shown in geological map, are old
and new dry lakebeds which, in this area, consisted of
finegrain size sediments, gypsum and salt. Old dry lakebeds
usually are some compacted then have low susceptibility, but
new lakebeds are loose and have high susceptibility. To check
this grading of susceptibility, dust sources determined by
Walter and Wilkerson (1991) and Jalali and Davoudi (2008),
for 2005 and 2008 dust storms of Iran, plotted on
thegeological map (Fig. 10).

All the areas were determined by Walter and Wilkerson
(1991) as dust source areas are located on Quaternary
sediments, 6 areas on alluvial and 7 areas on playa and loess;
expect point 14 (shown in Fig. 11) that is located on old dry
lakebeds and streambeds. This is in accordance with
susceptibility grading of geological unites, but it must be
noted that sometimes older than Quaternary sediments, as
area 14, may have susceptibility of dust emission because it

is erodible. Assessing of erodibility of old sediments and
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Fig. 10. Zonation map of dust emission base on geological map
and points of dust sources determined by Walter and Wilkerson
(1991) and Jalai and Davoudi (2008).

rocks is possible in bigger scale and more detailed geological
maps. The maximum occurrence of visibility reduction, as a
sign of dust producing ability, for Middle East, studied by
Kutiel and Furman (2003) are higher in around group B that
shows the sediments of this area, which are Playa and Loess
sediments, are more susceptible. Dust sources with high
effect on dust storms, studied by Jalali and Davoudi (2008),
for 2005 and 2008 dust storms, are also located around group
B.

Most of the pointes, determined as dust sources by Jalali
and Davoudi (2008), for 2005 and 2008 dust storms,
including groups A to H in figure 11, can be related to
Quaternary sediments. Groups of Dust source points A, C, D,
EG and H are related to alluvial sediments, group B is related
to New dry lakebeds and Playa sediments and group F is
related to Old dry lakebeds. Other points sound not related to

geological units because they are located on rocks. For

f-ooom

Fig. 11. Spatial distribution of sources and origins of dust
storms of 2008 (Jalali and Davoudi, 2008)

No. 31

example dust source points in the west of Iran are located on
Rock units that are formed western side mountains of Zagros
mountain belt. This may has reasons as following (Gerivani
et al., 2011):

These dust source points have been detected by visual
interpretation of MODIS satellite images. To form a visible
clued of dust in atmosphere as it can be detected in MODIS
satellite images, dust materials are forced to release from
lands along the wind direction and gather in far distance
along this direction. Then this distance depends on
meteorological properties of winds. For example wind with
high velocity can suspend more dust materials and bigger
size of them and can transport them to more far distance.
Dust storms may be traced as far as 4000 km from their
origin (Kutiel and Furman, 2003). In this area, depended on
winds" metrological properties, dust particles may started to
release from groups A to H and gathered in far distance on
the Rock units in the east of Iran, north-west of Iraq, between
groups B and F, and etc. Scale of the basic geologic map of
this study is 1:5,000,000 and in this scale, rather small units
of sediments which can be source of dusts are not shown.
Scattered points of dust sources might be released by these
small sedimentary units. Accordingly, base on thegeological
units’ susceptibility for producing dust particles, Gerivani et
al., (2011) prepared zonation map of dust producing
susceptibility.

Another parameter affected dust producing susceptibility is
mean annual rain fall. Total Ozone Mapping Spectrometer
(TOMS) data have indicated that many of the world's major
dust source regions are areas of hyper-aridity, with mean
annual rainfalls of less than 100 mm (Goudie and Middleton,
2001). Some other researchers reported that dust sources,
regardless of size or strength, can usually be happened in arid
regions with annual rainfall under 200-250 mm. Mean annual
rain fall of the Middle East (Fig. 12) shows that north-east of
Syria, north of Iraq and west of Iran have more than 250 mm
(10 inches) mean annual rain fall, so Gerivani et al., (2011)
omitted dust sources located in these areas and presented

zonation map of dust producing susceptibility.

V. Dust Storms Impacts on Air Pollution and Public

Health under Hot and Dry Climate

Dust storms are a kind of severe natural disaster that
frequently occurs in the arid and semiarid regions. Are the
airborne coarse crust-originated particles harmful to human
health? Kwon ez al. (2002) explored the effect of Middle
Earth dust events on daily mortality in Seoul, South Korea,
during the period of 1995-1998, and showed that the
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Fig. 12. Mean annual rain fall (inches) in the Middle East
(Central Intelligence Agency of U.S., 1973).

association between the dust events and deaths from
cardiovascular and respiratory causes was strong enough to
indicate that people with advanced cardiovascular and
respiratory disease might be susceptible to Middle Earth dust
events. Lei et al. (2004) used pulmonary hypertensive rat
models to examine inflammation markers in the lung and in
the peripheral blood after an exposure to Middle Earth dust
storm particles. Their results revealed that an exposure to
particulate matters during a dust event could increase lung
inflammation and injury in pulmonary hypertensive rats.
Clearly, besides the dramatic effects of dust particles on
visibility (Chung ef al., 2003), their potential influence on the
health risk of the younger generation and allergies of elderly
people cannot be ignored.

Miri et al., (2007) show that about half of residents have
been subject to respiratory diseases due to dust storms during
the period of interest. The research indicates that the number
of people affected in rural areas is more than in urban areas.
Some patients had to call on a doctor during stormy days and
approximately 55 percent of them visited a physician more
than 20 times per year. About 40 percent called on a doctor a
couple of days after a dust storm and 32 percent mentioned
that they cannot call on a doctor due to financial and
economic issues. Also, the results derived from hospital
studies show that in stormy days most of the patients were
respiratory patients, including those who were affected by
Chronic Obstructive Pulmonary Disease (COPD) and asthma.
The percentage of these diseases in summer (July and
August) is more than other months due to more severe dust
storms. The amount of financial losses due to these
respiratory diseases has been estimated at over 73.5 million
dollars during 1999-2004. Finally, Miri et al., (2007)
conclude that dust storms have an important role in spreading

respiratory disease in the Sistan region.
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IX. Medical geology in the Middle East

Health effects of wind-blown sand and dust as well as
minerogenic aerosols on human pulmonary and cardiovascular
functions vary with a number of factors. These include
particle size, composition, levels and duration of exposure,
and the health status of the exposed population. Particles of a
diameter of less than 10 /£ m may reach the upper part of the
airways and lung while fine particles can penetrate more
deeply and may reach the alveolar region. Health effects are
also a function of timescale, which range from long-term
exposure (months to years) influencing the incidence of
chronic disease and susceptibility and short-term exposure
(days) causing acute health events. On both scales, health
effects may range in severity from subclinical to deadly.

The amount of dust and the kinds of particles involved
influence how serious the lung injury will be Dust is organic
and inorganic (Sullivan and Krieger, 2001). Organic dusts
consist of particles of biological, animal, and microbial origin
and contain bacteria and fungi. Allergic alveolitis is caused
by organic dust (Sullivan and Krieger, 2001). Dusts can also
occur from organic chemicals (eg., dyes, pesticides).
Inorganic dusts can occur from grinding metals or minerals
such as rock or soil. Examples of inorganic dusts are silica,
asbestos, and coal. The influence of inorganic particles when
inhaled varies with the size and nature of the particles (Collis
and Greenwood, 1977). The changes which occur in the
lungs vary with the different types of dust. For example, the
injury caused by exposure to silica is marked by islands of
scar tissue surrounded by normal lung tissue. Some particles
dissolve in the bloodstream. The blood then carries the
substance around the body where it may affect the brain,
kidneys, and other organs. The table 1 summarizes some of

the most common lung diseases caused by dust.

X. Comparison of mineral compositions of dusts from

different regions

For comparison, 10 Middle Earth samples were also
analyzed with XRD. Dolomite was present in all of the
samples, as seen in Figure 3c. Davis and Guo (2000) and Shi
et al. (2002) also reported the presence of dolomite in Beijing
Middle Earth samples. However, dolomite was not identified
by the XRD in the two Middle Earth samples. Dolomite was
also an important mineral species in dust storm samples
originated from other regions; for example, Western Sahara,
Moroccan Atlas and Central Algeria (Avila et al., 1997),
African, southern Algeria and northern Chad (Falkovich et

al., 2001). Thus the absence of dolomite was an important
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Table 1 Some types of pneumoconiosis according to
dust and lung reaction

Inorganic dust Type of disease Lung reaction

Asbestos Asbestosis Fibrosis

Silica (quartz) Silicosis Fibrosis

Coal Coal Fibrosis
pneumoconiosis

Beryllium Beryllium disease Fibrosis

Tungsten carbide Hard metal disease  Fibrosis

Iron Siderosis No fibrosis

Tin Stenosis No fibrosis

Barium Baritosis No fibrosis

Organic dust

Moldy hay. straw. and ~ Farmer’s lung Fibrosis

grain

Droppings and feathers  Bird Fancier’s lung  Fibrosis

Moldy sugarcane Bagassosis Fibrosis

Compose dust Mushroom worker’s  No fibrosis
lung

Dust or mist Humidifier fever No fibrosis

Dust of heat-treated Sewage sludge No fibrosis

sludge disease

Mold dust Cheese washers’ No fibrosis
lung

Dust of dander, hair Animal handlers’ No fibrosis

particles, and dried lung
urine of rats

Source: Data from CCOHS, 2005

characteristic of the two severe dust storm samples (Shi ef al.,
2005).

It has been previously suggested that the mineralogy of
dust storm particles may be more diagnostic of their sources
(Ganor et al., 2000). Gomes and Gillette (1993) also showed
that calcite/clay and quartz/clay ratios could be used as
tracers to identify the origins of the dusts. The ranges of
calcite/clay and quartz/clay ratios of silt size mineral aerosol
sampled in northern Sahara, Soviet Central Asia and
southwestern United States were also provided by Gomes and
Gillette (1993). Calcite/clay and quartz/clay ratios of the
PM10 collected during the 20 March 2002 Middle Earth
episode were 0.19 and 0.49, respectively, while those of the
PM less than 2 mm separated from the PM10 collected
during the 20 March 2002 MIDDLE EARTH episode were
0.19 and 0.24, respectively. Calcite/clay and quartz/clay
ratios of the TSP collected during the 6 April 2000 Middle
Earth episode were 0.2 and 0.85, respectively, while those the
PM less than 10 mm separated from TSP collected during the
6 April 2000 Middle Earth episode were 0.14 and 0.40,
respectively. Therefore proportions of different mineral
species in PM samples vary significantly with the sizes of the
particles. Unfortunately, mineral dusts weregenerally
sampled as silt and clay sizes (eg., Arnold et al., 1998). This

made it difficult to compare the calcite/clay and quartz/clay

No. 31

ratios of Middle Earth samples in this study with those of
dust samples collected in other regions. However, even with
clay minerals being enriched in the finer dust sizes, the
quartz/clay ratios in PM less than 10 mm collected during the
two severe dust storm episodes in this study were still higher
than those of silt size mineral aerosols from northern Sahara,
Soviet Central Asia and southwestern United States. The
quartz/clay ratios of PM in these regions are equal to or less
than 0.36 (Gomes and Gillette, 1993).

XI. Conclusions

Middle Earth particles collected in Beijing are mainly
composed of irregularly shaped minerals. More than 50% of
Middle Earth particles are larger than 1 fm in equivalent
spherical diameter. About 20% of individual particles
collected during the 20 March 2002 dust storm are mineral
aggregates and at least 25% of the individual particles
contain sulfur. Sulfur in some of the Middle Earth particles is
originated from processes in the source region. The XRD
analyses of phase compositions of samples from two severe
dust storm episodes show that clay minerals are major
mineral species, accounting for more than 40%, followed by
noncrystalline materials and quartz (both around 19%), with
small amounts of calcite, plagioclase, K-feldspar, pyrite and
other trace minerals (all less than 10%). Clay minerals in the
PM samples collected during the two severe dust storm
episodes are mainly illite/smectite mixed layers, with small
amounts of illite, kaolinite and chlorite. Samples collected
during the severe dust storm episodes are characterized by
the absence of dolomite, high quartz/clay ratio as well as
dominance of illite/smectite mixed layers in clay mineral
species.

Zonation map of dust producing susceptibility are prepared
base on geological map of the Middle East in scale of
1:5,000,000 and mean annual rainfall map and it was shown
that the most of dust storms in Iran, during the recent decays,
have generated by young geological unites in south-west of
Iran, Iraq, Syria, and north of Arabia. This study was an
example and showed that geological maps can be used for
preparing zonation map of dust sources. Geological maps for
most of the world have been created (for example in Iran,
geological map in scale of 1:100,000 were prepared and
engineering geology with larger scale are preparing) and can
be used. Other effective factors in producing dust particles
like precipitation, temperature efc can be added to geological
zonation with GIS.

Health effects of dust storms in Middle East particularly in
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the southwestern Khuzestan Province in Iran and Al-Basra in
Iraq include asthma and allergies especially for people with

chronic respiratory and cardiovascular diseases.
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