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Abstract. Dust storms and associated mineral aerosol transmospheric stability and circulation (e.g., Todd et al., 2007;

port are driven primarily by meso- and synoptic-scale at-Hoose et al., 2008). The relationship between dust and the
mospheric processes. It is therefore essential that the dusttmosphere, if included in numerical atmospheric models,
aerosol process and background atmospheric conditions thabuld further improve weather forecasts and climate simu-
drive dust emissions and atmospheric transport are reprdations (e.g., Nickovic, 2002, 2004; Perez et al., 2006).

sented with sufficiently well-resolved spatial and temporal | the 1990s, when the novel concept of incorporating dust
features. The effects of airborne dust interactions with thegoncentrations in online atmospheric models was first intro-
environment determine the mineral composition of dust par-gyced (Nickovic, 1996; Nickovic and Dobricic, 1996), there
ticles. The fractions of various minerals in aerosol are de-yas a significant improvement in modeling the process of
termined by the mineral composition of arid soils; therefore, atmospheric mineral aerosol. Most of these models were de-
a high-resolution specification of the mineral and physicalsigned to simulate and predict the time evolution of the dust
properties of dust sources is need.ed. _ concentrations; however, these models typically did not con-
Several current dust atmospheric models simulate and presider the mineral fractions of the dust. Only a few global
dict the evolution of dust concentrations; however, in mostdust models have included the mineral composition in dust
cases, these models do not consider the fractions of mineralgerosol (Fung et al., 2000; Luo et al., 2005; Hoose et al.,
in the dust. The accumulated knowledge about the impacts 09008), in response to the increased interest of the scientific
the mineral composition in dust on weather and climate pro-community in studying the impacts of minerals on the cli-
cesses emphasizes the importance of including minerals imate and environment.
modeling systems. Accordingly, in this study, we developed o qhjte the progress achieved over the last two decades,
a global dataset consisting of the mineral composition of the

, ) . considerable uncertainties remain in dust modeling. The re-
current potentially dust-producing soils. In our study, we () sults of various regional models have been compared for a

Tagpgd minelral _datalto a h_igh-re_Tqution_ 335 grid,d(b) iN- 4ust event lasting several days over the &alepression re-
cluded several mineral-carrying soil types In dust-productive i, (o4 et al., 2008). A similar study was performed over
regions that were not considered in previous studies, and ( ast Asia (Uno et al., 2006). The degree of uncertainty in
included phosphorus. dust emissions is of an order of magnitude for short simula-
tion periods. The results of a comparison of 15 global aerosol
models are also reported in Huneeus et al. (2011). The iden-
1 Introduction tified uncertainties would certainly influence the accuracy of
the dust mineral composition if it were incorporated into dust

Mineral dust is recognized as one of the most abundanfnodels.

aerosols on a global scale. While being transported in the Increasing the resolution of atmospheric dust models
atmosphere, dust modifies the Earth’s radiation budget. Dusthould help reduce the errors of numerical simulations.
influences cloud properties and consequently changes affhere are several components of the atmospheric dust
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process characterized by a small-scale nature; one of theqealled GMINER30) mapped onto a 30s resolution global
small-scale components, dust emissions, is related to topagrid. The developed database, which presents a mean global
graphic depressions (Prospero et al., 2002; Ginoux et al.evaluation of soil mineral composition, is recommended to
2001). Engelstaedter and Washington (2007) identified morde used in models for global and regional studies because
than one hundred dust hotspots on a global scale with a highigh variability on a small scale cannot be supported by the
annual correlation with gustiness, a measure of the maginformation and methodology used in the preparation of this
nitude of short-lived high wind events that require a high- dataset.

resolution model simulation to be properly reproduced. At

the local scale, the complexity of the sources increases. Dust )

storms can begin as a process of numerous dust plumes emf- mpacts of mineral aerosols

ted from individual point-like sources that then spread and
merge into a wide dust veil (Lee et al., 2009). In addition,
dust sources constitute only a small fraction of the larger re
gion if most of the region did not experience erosion. Dust
transport driven by a low-level wind jet (e.g., Knippertz and

The composition of dust minerals affects various processes,
such as processes in atmospheric, ocean and terrestrial envi-
ronments, and also affects human health. Including mineral
dust transport interacting with the atmosphere in numerical

Todd, 2007; Washington et al., 2006a,b; Bouet et al., 2007)models can improve the accuracy of weather forecasts and

is another mesoscale process. Furthermore, mineral fraction imate simulations and contribute to a better_understanding
in dust critically depend on the size of the dust particles emit—Of the environmental processes caused by mineral dust. Be-

ted into the atmosphere. For studying the long-range transiOW: We e'ab‘.’Fa‘e on severgl Impacts of dustin which its min-
ral composition plays an important role.

port of dust and minerals embedded in the atmosphere, it i€
sufficient to cons_lde_r finer, Io_nger-llfe p_artcheS originating 21 Minerals and solar radiation
from clay- and silt-sized fractions of soils (e.g., Tegen and

Lacis, 1996; Nickovic, 2004). Several dust models have beefyjineral dust directly affects atmospheric radiation (Sokolik
dpveloped over reglonal domal.ng using higher spatial resoluynq Toon, 1999), and consequently atmospheric dynamics
tions (e.g., Nickovic, 2001; Gnm et al., 2005; Tegen et al., (e.g., Nickovic, 2002, 2004; Perez et al., 2006; Helmert et
2006; Bouet et al., 2007; Washington et al., 2006a,b; Menuy '2007), by modifying the incoming solar radiation and the
et al., 2007) to better represent smaller-scale features of th@utgoing infrared radiation. As shown in several case stud-
dust process. In a recent simulation of the haboob-like dusjgg (e.g., Perez et al., 2006; Todd at al., 2007), the radiative
storms in the southwest of the United States, a 3.5 km dusfesponse to a large dust load leads to a reduction by several
model was used to resolve the high-resolution distribution Ofdegrees in the surface daytime temperature maximum.
the point-like dust sources (Vukovic et al., 2011). The response of solar radiation to dust depends on the dust
Simulating mineral fractions in mesoscale dust atmo-mineral composition. The mineral composition substantially
spheric models requires specifying the geographic distribughanges the amplitude of the radiative forcing of the dust in
tion of minerals in dust-productive soils at a high resolution pth solar and infrared spectra (Sokolik et al., 1998; Claquin
(N'CkOV'C and Barrie, 2009). In Sect. 2 ‘?f this paper, we ot 5. 1999: Balkanski et al., 2007). Regarding the radiative
discuss the importance of minerals to different processesinpacts caused by mineral composition, the differences be-
including dust minerals interacting with atmospheric pro- yyeen the refractive indices of aluminosilicates (illite, kaoli-
cesses, their role in the marine environment, and _the IMpactgite, smectite and feldspars) are not significant when com-
of minerals on human health. Section 3 describes a néWared with their natural variability. Claquin et al. (1999) es-
high-resolution gridded database for minerals in potentiakimated a global distribution of single-scattering albedo and
dust-productive soils developed to support numerical mod-, ratig of the visible to infrared ratio of the extinction co-
els that simulate the atmospheric transport of mineral coMefficients as a function of mineral composition, indicating
ponents in dust. Following Claquin et al. (1999), we €on- the importance of using this information in atmospheric dust

centrate on soil populations of clay- and silt-sized particlesyqgels to appropriately represent the atmospheric radiation
and develop a Mineralogical Table (MT) that establishes ap5iance.

correspondence between different dust-productive soil types

following the FAO74 classification (FAO-UNESCO, 1974) 2.2 Minerals and cloud ice nucleation

with mineral fractions of quartz, feldspar, calcite, gypsum,

illite, kaolinite, smectite and hematite. We extended the MT Dust aerosol impacts the climate and the environment
of Claquin et al. (1999) with three new soil types: Yermosols, through its influence on heterogeneous ice nucleation. For
Haplic Yermosols and Xerosols, which contain considerableexample, Klein et al. (2010) found that mineral dust is a dom-
amounts of clay- and silt-sized particles. Furthermore, weinant constituent in the ice-nucleating process using in-situ
included phosphorus because of its important role in oceameasurements of aerosol and observed a high correlation be-
primary production and land fertilization. Finally, we de- tween ice nuclei numbers and simulated dust concentration
scribe in detailed steps the development of a global databaseriginating from a major Saharan dust intrusion into Europe.
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In the ice nucleation process, the mineralogical structure ofwvelling inputs, this input still might be a significant source of
dust plays an important role. Clay minerals in dust are parphosphorus in oligotrophic parts of the ocean. Atmospheric
ticularly efficient for ice nucleation processes, as shown inphosphorus exists almost entirely in the form of aerosols
field and modeling studies (Chen et al., 1998; Pruppachecaused by the low volatility of phosphorus compounds (Ma-
and Klett, 1977; Zimmermann et al., 2008, and referenceshowald et al., 2005). Both iron and phosphorus inputs in-
therein). Recent studies (e.g., Lohmann and Diehl, 2006fluence the nitrogen flux into the ocean. In the presence of
Hoose et al., 2008) have parameterized cold cloud formatiorsufficient Fe and P deposits, the growth of non-diazotrophic
as a process in which ice nucleation depends on the minerairganisms might be stimulated (Okin et al., 2011).

composition of dust. Finally, dissolved silicon arriving into the ocean with dust
provides a major control on the growth of siliceous phyto-
2.3 Minerals and ocean productivity plankton in open sea regions. As in the case of iron and

phosphorus, riverine input is the major source of silicon in

Minerals carried by dust particles and deposited over remotgoastal zones, but the atmospheric deposition of silicon car-
ocean regions after long-term atmospheric transport can proried by soil dust is the most important supplier of this element
vide important nutrients for marine life. Iron, phosphorus in remote seas (Tegen and Kohfeld, 2006).
and silicon embedded in dust are considered major potential
micronutrients for ecosystems in remote oceans. 2.4 Minerals and health

Singh et al. (2008) showed that in a number of major
dust deposition episodes over the Arabian Sea, chlorophylﬁ"bome dust can significantly influence human health. Mid-
blooming was detected several days after major dust storn§lleton et al. (2008) reported an increased number of pa-
intrusions. Cooling of the ocean surface was also observedient hospitalizations during dust storms in Cyprus. Liu et
along with higher ocean wind speeds during the dust eventsl- (2009) estimated the impacts of inter-continental trans-
which could create favorable conditions for blooming. port of aerosols on premature mortality and found that nearly

The deficiency of iron limits primary marine productivity 380 thousand premature deaths per year globally are associ-
and can lead to high-nutrient, low-chlorophyll marine condi- ated.wnh exposure to fine aerosols that are transporteq inter-
tions (e.g., Mahowald et al., 2009). Although the iron input continentally and are.composed mostly of dust. Yoshida et
into the ocean by rivers is large, it affects only the biota of al. (2008) found that inhaled desert dust causes adverse ef-
the coastal zones. However, the deposition of mineral dusfects on the mouse male reproductive function and hypothe-
in remote oceans after long-range dust transport is consigéized that humans might experience similar effects.
ered as a likely source of iron in these regions. Mahowald '"on-catalyzed free radical generation is known to be
et al. (2010) showed that iron input into the ocean not only@n important factor that_ e.nhances acute Iung_mflammanon
increases ocean productivity but also represents a carborfProspero, 1999), and it is also a major carcinogenic fac-
dioxide sink, which has a global warming offsetting effect. tor (Fubini and Arean, 1999). In lungs exposed to mineral
It is assumed that the availability of iron to photosynthetic 28rosol, the probability of oxidative damage is high because
marine microorganisms depends on the iron aerosol solubil®f the high oxygen concentration and the presence of cat-
ity. Iron in desert soils is essentially non-soluble, although@lytically active iron in atmospheric particulates. Iron in
several cruise-based observations indicate that the solubifh® 1ung can be used for microbial growth and replication,
ity increases during aerosol transport (Baker and Jicke”S,resultmg in more virulent ar]d persistent infections (Turi et
2006). Factors such as the mineralogy of sources, atmo@l-» 2004). The rate of reaction between oxygen and ferrous
spheric (photo-) chemical processing and particle-sized fealfon in goethite mineral present in dust is particularly high
tures are among the most frequently proposed hypothesdschoonen etal., 2006). o
(Baker and Croot, 2008). Journet et al. (2008) indicated that Meningococcal (epidemic) meningitis in the Sahel, one
iron solubility is linked to the mineralogical composition of ©f the most serious diseases in Africa, with a high mortal-
the aerosol. According to their study, the most bioavailablelty rate, is highly correlated with dusty weather. How dust
fraction of iron in dust is clay minerals containing a rela- eventually triggers the me_nlng!t!s epidemics remains unc_lear.
tively low iron content, although more than 90% is in a sol- Thompson et al. (2009) identified dust-related mechanisms
uble form rather than in iron oxides (e.g., hematite), which &S Possible epidemic activators, including the impact of dust
are characterized by high iron content (50-80 %). The atmo/Particles on the fluid dynamlps of th_e airborne transmission
spheric processing of iron on its path from sources to remot&f the meningococcal bacteria, the impact of dust on a pre-
oceans, however, remains poorly understood (Mahowald egedlng_ viral lnfectlon,_ or _the activation of menm_gococcal
al., 2009; Okin et al., 2011). bacteria through the high iron content of dust particles.

Phosphorus is another marine nutrient embedded in min-
eral dust that enters into the ocean through atmospheric de-
position. Although amounts received by deposition are much
smaller than those that enter through river and marine up-
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log (%) the lack of detailed information on the geographic distribu-
e e tion of mineral fractions in dust soil sources. A necessary
Caleic Yer;‘(‘)hsgjg'(s\(ﬂ; ' = condition for including mineral composition in models is to
Yermosols (Y) provide a gridded database of mineral composition in dust-
Dunes/Shifting sand (DS productive soils.

Haplic Yermosols (Yh
Luvic Yermosols (YI
Calcic Xerosols (Xk

Calcaric Regosols (Rc
Cambic Arenosols (Qc
Eutric Regosols (Re
Orthic Solonchaks (Zo
Gypsic Yermosols (Yy
Luvic Kastanozems (KI|
Luvic Xerosols (XI

Ferralic Arenosols (Qf
Haplic Xerosols (Xh

[o)

3.1 Dust-productive soils

To identify the FAO (Food and Agriculture Organization of
the United Nations) soils that are dust productive, we first
identified which soil types occupy the majority of the arid
regions on a global scale. We determined such regions us-
ing the following Olson land cover categories (Olson, 1994a,
b) of the USGS (United States Geological Survey) global
dataset: low sparse grassland (considered only in China and
Mongolia), bare desert, semi desert, sand desert, semi desert
shrubs and semi desert sage. Global distributions of these
land cover types include all major dust-productive areas (En-
gelstaedter and Washington, 2007). The next step was to de-
termine which FAO soil types are the most representative in
the selected bare and arid regions. We remapped the FAO
2min data (FAO-UNESCO, 1992) onto the 30s grid to use
the same grid as the USGS land cover. By overlapping these
two matrices, we obtained fractions of the soil types in the se-
lected land cover categories and found that most of the area,
AR approximately 99 %, is dominated by the soil types presented
Moliic Gleysols (Gm) in Fig. 1, in which the fractions of the particular soils range
Mollic Solonchaks (Zm; between 0.1 and 23 % of the total area. The soil types listed
)

Eutric Gl Is (G . . .
Calcic i;;aniii‘;;‘“i in Fig. 1 are assumed to be dust productive.

)
)
Rock (RO)

Calcaric Fluvisols (Jc)
Haplic Kastanozems (Kh
Luvic Arenosols (Ql
Dystric Regosols (Rd)
Chromic Vertisols (V¢
Eutric Fluvisols (Je)
Calcic Luvisols (Lk)

Salt (SA)

Takyric Yermosols (Yt
Orthic Solonetz (So
Gleyic Solonchaks (Zg)
Solonchaks (Z

Calcic Cambisols (Bk)
Xerosols (X) =T
Chromic Luvisols (Lc)
)

)

)

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

Gypsic Xerosols (Xy
Eutric Cambisols (Be,
Takyric Solonchaks (Zt

3.2 Mapping mineral fractions
Fig. 1. Fractions of the most common soil types that, in total, cover

99% of the area of the arid and bare regions on Earth. Oranggegllowing Claquin et al. (1999), we selected quartz,
denotes the soil types introduced in_the MT t_)yC99. Blue, green a”q‘eldspars, illite, kaolinite, smectite, calcite, gypsum and
red bars denote the new, added soil types in the MT. Gray denotefgmaiite for which fractions will be specified for the dif-

the soil types notincluded in MT. ferent soil types. We summarize below the arguments used

by Claquin et al. (1999) to select the eight minerals.

The clay phyllosilicates group (illite, kaolinite and smec-

3 Global distribution of minerals tite) represents the most abundant chemical-weathering min-

erals in sedimentary rocks. Tectosilicates (quartz, feldspar),
Soil fractions that contain fine particles (clay and silt with based on silicates, together with phyllosilicates, constitute
particle sizes less than 0.002mm and between 0.002 andpproximately 90 % of the Earth’s crust. Because of the pres-
0.05 mm, respectively, according to the United States Departence of aluminum in phyllosilicates and feldspars, these two
ment of Agriculture (USDA) Soil Texture Classification sys- groups absorb less infrared radiation than does quartz. Fi-
tem) are lifted from the Earth’s surface by a complex processnally, phyllosilicates, in comparison with tectosilicates, have
of wind erosion (e.g., Tegen et al., 2002) and then transportethrger surface-to-volume area and are therefore more chemi-
downwind. However, the value 0.002 mm, which delineatescally reactive (Norrish and Pickering, 1983).
the size between mineral contents in clay- and silt-sized par- Carbonates were considered in Claquin et al. (1999) be-
ticles, could be thought of as arbitrary and is used here agsause of their important role in direct and indirect effects on
a first-order approximation. During its residence in the at-solar radiation; they have a low infrared absorption, between
mosphere, wind-born dust can significantly impact the envi-8 and 12 um. Carbonates are not highly soluble in water,
ronment. Long-range transport and deposition far from thebut they are the most reactive component of mineral dust in
source are driven by atmospheric processes. Atmospherian acidic environment, suggesting that carbonates in dust in-
dust models do simulate such processes but generally do néiuence the precipitation acidity, act as cloud condensation
consider mineral composition in dust, primarily because ofnuclei and therefore contribute to indirect radiation effects.

Atmos. Chem. Phys., 12, 84855 2012 www.atmos-chem-phys.net/12/845/2012/
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Table 1. Mineral content in clay and silt-sized fractions in selected soil types.

FAO soil types Mineral content in clay-sized fractions normalized to 100 % Mineral content in silt-sized fraction normalized to 100 % Clay and silt
in arid regions lllite Kaolinite Smectite Calcite Quartz Hem&ite Feldspar Gypsum Calcite Quartz Hemdtite Phosphoru
Lithosols (1) 40 20 29 4 7 1 40 1 6 53 1 0.049
Calcic Yermosols (Yk) 57 13 16 11 3 2 7 1 14 78 2 0.031
Yermosols (Y} 34 31 24 6 5 1 32 2 8 59 1 0.031
Dunes/Shifting Sand (DS) 50 9 26 1 14 1 6 1 1 92 1 -
Haplic Yermosols (YH) 20 54 22 1 3 2 24 1 1 73 2 0.031
Luvic Yermosols (YI) 45 20 20 7 7 2 23 1 5 70 2 0.031
Calcic Xerosols (Xk) 57 13 16 11 3 2 7 1 14 78 2 0.034
Calcaric Regosols (Rc) 42 39 9 4 7 3 19 1 3 75 3 0.049
Cambic Arenosols (Qc) 16 66 5 1 11 4 14 1 1 82 4 0.04
Eutric Regosols (Re) 32 53 10 1 5 2 38 1 1 59 2 0.049
Othic Solonchaks (Zo) 31 6 46 11 7 1 43 6 22 31 1 0.034
Gypsic Yermosols (Yy) 27 18 40 8 7 0 26 6 16 57 0 0.031
Luvic Xerosols (XI) 45 20 20 7 7 2 23 1 5 70 2 0.034
Ferralic Arenosols (Qf) 23 48 23 1 5 1 15 1 1 84 1 0.04
Haplic Xerosols (Xh) 20 54 22 1 3 2 24 1 1 73 2 0.034
Rock (RO) 50 9 26 1 14 1 6 1 1 92 1 -
Calcaric Fluvisols (Jc) 22 9 46 11 12 0 39 2 30 31 0 0.03
Luvic Arenosols (QI) 10 78 3 1 9 3 22 1 1 70 5 0.04
Chromic Vertisols (Vc) 16 27 48 4 5 4 62 1 3 31 4 0.079
Eutric Fluvisols (Je) 18 23 55 1 3 1 10 1 2 86 1 0.03
Salt (SA) 39 4 26 29 1 1 1 26 93 5 1 -
Takyric Yermosols (Yt) 21 51 21 3 5 1 80 1 4 16 1 0.031
Orthic Solonetz (So) 37 32 17 6 7 2 23 1 4 71 2 0.022
Gleyic Solonchaks (Zg) 16 32 24 21 5 0 28 15 20 51 0 0.034
Xerosols (X§ 37 26 24 7 5 2 20 2 9 70 2 0.031
Gypsic Xerosols (Xy) 27 18 40 8 7 0 26 6 16 57 0 0.034
Takyric Solonchaks (Zt) 25 33 24 10 6 0 66 1 12 22 0 0.034
Albic Arenosols (Qa) 21 53 21 0 4 1 15 1 0 84 1 0.04

2 Mineral content added in this paper as an extension to the mean mineralogy table from Claquin et alp(maﬁﬁatite represents total hematite and goethite content.

Gypsum originates mainly from (paleo-) lacustrine data, we calculated the mean global percentages of the clay-
sources and has moderate absorption in the infrared spe@nd silt-sized particles for the soil types in Fig. 1. The results
trum. The importance of lacustrine sources for dust emis-are shown in Fig. 2. Yermosols (Y) and HaplicYermosols
sions has been emphasized by Tegen et al. (2002), who intrdYh) contain 12 % and 14 % of clay and 31 % and 32 % of
duce lacustrine sources as a separate soil texture class.  silt, respectively. The high content of silt and clay in these

Mineral fractions are distributed over clay- and silt-sized two soils qualifies them to be included in further analyses.

pal’ticle pOpulationS, as shown in Table 1. Note that CaICite, The mineral Composition for Hap“c Yermosols (Yh) is as-
quartz and hematite appear in both populations. Followingsymed to have the same mineral composition as Haplic Xe-
Claquin et al. (1999), hematite and goethite are Considere(aos(ﬂs (Xh), fo”owing the ana'ogy proposed by C|aquin et
together using a common name, hematite. From Fig. 1, it isa|. (1999). The mineral composition for Yermosols (Y) is as-
obvious that 25 soil types selected in Claquin et al. (1999),sumed to be equal to the mean of the fractions of the Y group,
marked in orange, occupy the major part of the potentiali e Yk, Yh, YI, Yy and Yt. Xerosols (X) occupy only 0.3 %
dust-productive area, with two additional soil types, which of the potential dust-productive areas (Northwest Africa and
appear in high percentages, Yermosols (10 %) and HaplicYCentral Asia) but have an average content of 19 % clay and
ermosols (5.5 %). 40 % silt and could therefore have a great influence on the
To determine the effective fractions of minerals in soils, composition of the mineral aerosol. We also added X, with
the percentages of clay- and silt-sized particles have to bés mineral composition obtained as a mean of the mineral
specified. Because there is no corresponding global data forontent of other soils of the Xeroslols group (i.e., Xk, Xh, XI,
specific soils, these fractions are evaluated using the hybriKy), as presented in Claquin et al. (1999). The global distri-
STATSGO (State Soil Geographic Database) — FAO soil mapbution of soil types introduced by Claquin et al. (1999) and
(US Department of Agriculture, 1994) available in a 30 s res-the additional three soil types, Y, Yh and X, are presented
olution for 12 USDA soil texture classes. Clay and silt per- in Fig. 3. Note that, as reported by Claquin et al. (1999),
centages in the soil texture classes are specified using Tablethe values for the mineral fractions are global mean values
from Shirazi et al. (2001) and modified following the ap- with standard deviations ranging from 27 % to 33 %. The list
proach by Tegen et al. (2002), in which because loamy sandsf minerals in the MT is extended with phosphorus because
tend to contain aggregated clay particles, a clay fraction isof its importance in the primary marine and terrestrial nu-
added to silt. By overlapping the STATSGO-FAO and FAO trient supply. Although only a small part of the phosphorus

www.atmos-chem-phys.net/12/845/2012/ Atmos. Chem. Phys., 12, 852012
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Fig. 2. Global mean fractions of clay and silt for soil types listed in

Fig. 1.
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listed in their order of appearance in Fig. 1. Based on
the mineral fractions in Table 1, we created a global 30s
gridded dataset of mineral composition called GMINER3O.
The data are organized in geographic sub-domains (tiles)
as used in the USGS topography dataset. In our study, we
used only tiles north of 60S. In total, the database consists
of 324 files (27 tiles for 12 minerals in silt and clay, see
also Fig. 2s in Supplement). GMINER3O0 is available at
http://lwww.seevcce.rs/IGMINER30/The database contains

a mean global distribution of the soil mineral composition
appropriate for implementation in models for global and re-
gional studies. A high variation in soil composition, for ex-
ample, in the Bodlé depression (Bristow et al., 2010), is
not expected to be properly resolved by this database, and it
is also beyond the scope of any potential atmospheric dust
model simulations discussed here. Introducing information
regarding the dust mineral composition obtained from the
database, despite the uncertainties originating from scarce
soil sampling, is expected to provide additional important
information to better understand the role of minerals in at-
mospheric dust processes.

The soil composition is set equal to an atmospheric dust
composition; however, the transfer function is not unity
(Eltayeb et al., 2001). The quantification of minerals in
aerosol samples is not straightforward, mostly because the
amounts of aerosol mass collected downwind are small. Sev-
eral authors have therefore assumed that the aerosol mineral
content is the same as in source soils (Claquin et al., 1999).
Furthermore, Caquineau et al. (1998) have shown that the
relative proportions of clay minerals in the aerosol are close
to those of the parent soils and are conserved during trans-
port. The same argument was reported by Lafon et al. (2004).
For practical implementation of the GMINER30 data in an
atmospheric-dust model, effective mineral fractions have to
be specified by multiplying a fraction of a particular min-

in mineral dust aerosol is bioavailable (Jickells and Spokeseral with its corresponding clay and silt fraction in the soil.
2001; Mahowald et al., 2005), it may play an important role In the example shown in Fig. 4, we calculated the distribu-
in the biological response of the marine ecosystem whenion of effective mineral contents using the GMINER30 frac-
dust is deposited into the ocean. Okin et al. (2004) linkedtions multiplied by the clay and silt contents from the hybrid
phosphorus concentrations to the top 20 cm of the 12 USDASTATSGO-FAO dataset.

(United States Department of Agriculture National Resource  Silicates have the highest content when compared with the
Conservation Service) soil categories. To be consistent witlother considered minerals (Fig. 4a—e, see also Fig. 1s in Sup-
the MT, we matched USDA soil orders and FAO soil classesplement). The quartz content (Fig. 4a) is larger than 12 %
that we assumed to be potential dust-productive areas (Fig. Igver almost the entire area where the selected soil types are
and used information about the typical bulk density of soilsfound (Fig. 2), with high contents (over 30 %) on every con-
from Rawls (1983). The data on the phosphorus content aréinent. Illite, kaolinite and smectite (Fig. 4b—d), which are
available only for general soil classes and are not considere@resent only in clay populations, generally have concentra-
separately for clay and silt populations. In the absence otions up to 12%. An exception is illite in the Middle East,
more detailed information, we assumed that all of the soilwith values greater than 20 % and maximums greater than
types that belong to the same group have the same phosph@5%. The maximums of kaolinite and smectite concentra-
rus content. The results are given in percentages common faions are collocated in several regions, such as in Eastern
both clay- and silt-sized particles. Africa, Western India and East Australia. Kaolinite reaches a
By compiling data from the steps described above, in Ta-maximum of 16 %, whereas the smectite maximum is greater
ble 1, we derived the percentages of 9 minerals in clay-than 28 %. The surface content of feldspar (Fig. 4e) is char-
and silt-sized particles for 28 FAO soil types, which are acterized by strong gradients, particularly in Central Sahara,
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DCIaquin et al. (1999) -Yermosols -Huplic Yermosols -Xerosols

Fig. 3. Global distribution of the soil types selected by Claquin et al. (1999) with three new selected soil types: Yermosols, Haplic Yermosols
and Xerosols.

a) quartz

b) illite ¢) kaolinite

0 001 002 003 004 005 006 007 008

Fig. 4. Global distribution of the effective mineral content in soil in percentagegdpquartz, (b) illite, (c) kaolinite, (d) smectite,(e)
feldspar,(f) calcite,(g) hematite(h) gypsum andi) phosphorus. The mineral fraction is weighted with the clay and silt content in soil. For
minerals that are present in both clay and silt, the weighted values are summed.

with maximum values greater than 16 % and surrounded bygypsum (Fig. 4h) is present only in the silt populations, with
areas with values less than 2 %. Asia has the highest feldspamounts less than 1%. Smaller areas with maxima greater
content, with maxima ranging from 24 % to 28 %. Carbon- than 2% are located in Africa, Arabia and Asia. Phosphorus
ate mineral calcite (Fig. 4f) is present in both silt and clay (Fig. 4i) has maximums that do not exceed 0.07 %.
populations, with a content generally less than 6 %. Higher Not all of the areas covered in GMINER30 and in Figs. 3
values can be found in South Africa, the Mediterranean coasand 4 are necessarily dust-productive areas. The next step
of Africa, South Australia, Arabia and the Middle East. The is to overlap the mineral data with a dust mask. Dust-
iron oxide (Fig. 4g) content is lower than in other minerals, atmospheric models use different approaches in mapping
with contents less than 3 % on a global scale. Sulfate mineradust source regions. Often, the first guess in defining dust-
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productive areas is made based on USGS Global Land CoveBupplementary material related to this

Data (Nickovic et al., 2001; Walker et al., 2008), which usu- article is available online at:

ally implies a selection of land cover types that are barrenhttp://www.atmos-chem-phys.net/12/845/2012/

and arid and thus potentially dust-productive areas. Anotheacp-12-845-2012-supplement.pdf

approach is to assume that such regions coincide with arid

regions receiving a long-term average of precipitation lower ) )

than a threshold (Claquin et al., 1999). Dust-productive area$'\cknowledgementsVe would like to thank Richard L. Reynolds
. oo I - nd Harland Goldstein (USGS) for their helpful comments. This

can be identified by defining dust preferential sources based

. ) . Study was conducted under research project 11l 43007 supported by
on topographic features of the terrain (Ginoux et al., 2001)’the Serbian Ministry of Science and Technological Development.

hydrology paths (Tegen et al., 2002), geomorphological fea-rhe contributions of the first author were performed as non-funded
tures (Zender et al., 2003), and satellite observations (Prosyork outside of his official duties with the World Meteorological
pero et al., 2002); a seasonal dependence was considered byganization (WMO), and the contents of this study do not
Tegen et al. (2002). necessarily express the views of the WMO.
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