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T E L L U S

Ground-based off-line aerosol measurements at Praia,
Cape Verde, during the Saharan Mineral Dust

Experiment: microphysical properties and mineralogy
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A . W IED EN SO H LER 3 and S. W EIN B RU C H 1, 1Institut für Angewandte Geowissenschaften, Technische
Universität Darmstadt, Schnittspahnstr. 9, 64287 Darmstadt, Germany; 2Institut für Physik der Atmosphäre,
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Troposphärenforschung, Permoserstr. 15, 04318 Leipzig, Germany

(Manuscript received 13 October 2010; in final form 2 May 2011)

A B S T R A C T
A large field experiment of the Saharan Mineral Dust Experiment (SAMUM) was performed in Praia, Cape Verde, in
January and February 2008. This work reports on the aerosol mass concentrations, size distributions and mineralogical
composition of the aerosol arriving at Praia. Three dust periods were recorded during the measurements, divided by
transitional periods and embedded in maritime-influenced situations. The total suspended particle mass/PM10/PM2.5

were 250/180/74 μg/m3 on average for the first dust period (17–21 January) and 250/230/83 μg/m3 for the second (24–26
January). The third period (28 January to 2 February) was the most intensive with 410/340/130 μg/m3. Four modes were
identified in the size distribution. The first mode (50–70 nm) and partly the second (700–1100 nm) can be regarded as
of marine origin, but some dust contributes to the latter. The third mode (2–4 μm) is dominated by advected dust, while
the intermittently occurring fourth mode (15–70 μm) may have a local contribution. The dust consisted of kaolinite
(dust/maritime period: 35%wt./25%wt.), K-feldspar (20%wt./25%wt.), illite (14%wt./10%wt.), quartz (11%wt./8%wt.),
smectites (6%wt./4%wt.), plagioclase (6%wt./1%wt.), gypsum (4%wt./7%wt.), halite (2%wt./17%wt.) and calcite
(2%wt./3%wt.).

1. Introduction

Saharan dust has attracted increasing attention since the 1960s
because of its importance as one major component of the global
aerosol burden, comparable in mass to the sea-salt load (Junge,
1979). On a global scale dust influences the earth radiation bud-
get by influencing radiative transfer (Carlson and Benjamin,
1980; Tegen, 2003; Mahowald et al., 2006; Jeong and Sokolik,
2007) and by influencing the cloud microphysics by different
pathways (DeMott et al., 2003; Andreae and Rosenfeld, 2008;
Zimmermann et al., 2008). On a more regional scale it can pro-
vide nutrients to oceanic and continental ecosystems (Jickells
et al., 2005; Koren et al., 2006).

The overall perspective of the Saharan Mineral Dust Exper-
iment (SAMUM) is to characterize the Saharan mineral dust
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especially in view of its radiative properties. While the first part
of SAMUM aimed at the characterization of pristine Saharan
mineral dust, resulting in a field campaign in southeast Morocco
(Heintzenberg, 2009), the second phase of SAMUM is dedi-
cated to the investigation of possible alterations of transported
mineral dust, of modifications to the aerosol due to admixture
of non-dust aerosols like sea–salt or biomass burning particles,
and of changes due to other dust sources and varying transport
regime. For this reason, the second SAMUM field campaign
was performed in and over the Cape Verde region west of Africa
(Ansmann et al., 2011). This first part on off-line aerosol mea-
surements at the SAMUM ground station at Praia, Cape Verde,
presents results on aerosol microphysics with emphasis on the
large particle size range and on dust mineralogy.

The tropical Northern Atlantic Ocean is located under the
pathway of Saharan dust, which is transported across the ocean
towards the Caribbean Sea (e.g. Prospero, 1999; Reid et al.,
2003; Chiapello et al., 2005; Muhs et al., 2007) and into the
Amazonian region (e.g. Prospero et al., 1981; Formenti et al.,
2001). The isotopic composition of deep sea sediments east
of the Middle Atlantic ridge shows by strong signatures of
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long-term inputs that North African windblown soil material
is transported over the Atlantic Ocean since pre-historical times
(e.g. Biscaye et al., 1974; Grousset et al., 1988; Grousset et al.,
1992; Rognon et al., 1996). Dust fallout onto merchant vessels
cruising off the West African coast and in major parts of the
trade wind region is well known since historical times (Darwin,
1846). On board of the research vessel Meteor cruising west of
the African coastline Saharan mineral dust was measured in the
size range of 0.4 μm < d < 40 μm (Junge and Jaenicke, 1971).

The horizontal and vertical distribution of the Saharan air
layer (SAL) over the tropical North Atlantic was documented by
a multitude of works (e.g. Carlson and Prospero, 1972; Prospero
and Carlson, 1972; Karyampudi et al., 1999). Their findings are
well confirmed in a comprehensive study by Huang et al. (2010)
using Aqua-MODIS aerosol optical depth and CALIPSO lidar
satellite data together with NCEP reanalysis temperature and 3D
wind field data, which also the seasonal shift of the Saharan air
and dust layer over the subtropical North Atlantic Ocean is well
documented.

2. Measurement Location

The Cape Verde Islands are located in an area with a year-round
dust aerosol appearance in the pathway of the largest Saharan
dust sources (Middleton and Goudie, 2001). During the summer
season, a dust layer extending from above the marine boundary
layer on the order of 500 m up to altitudes of 5 km can be
observed during heavy dust outbreaks (Huang et al., 2010). In
the winter season with moderate dust activity, the SAL extends
to altitudes of about 3 to 4 km. In addition during winter, Saharan
dust is transported inside the marine boundary layer (Chiapello
et al., 1995). This lower altitude of transport and, thus, also
different main direction of transport may lead to a change in
sources supplying dust to the Cape Verde Islands (Prospero,
1996). Intensive biomass burning activities in wintertime in the
Sahel region contribute to the Saharan air masses emerging West
Africa (Kaufman et al., 2005; Osborne et al., 2008). Thus, the
columnar aerosol load is composed of sea–salt particles in the
marine boundary layer and Saharan dust plus biomass burning
material aloft, depending on transport conditions. The Saharan
aerosol is mixed into the boundary layer through sedimentation
and turbulent diffusion (Jaenicke and Schütz, 1978; Schütz et al.,
1981). As the Cape Verde islands are the only land area west
of Africa in the centre of the African dust plume, they have
attracted a number of field experiments through the last decades
(Jaenicke and Schütz, 1978; Talbot et al., 1986; Moulin et al.,
1997; Caquineau et al., 1998; Ratmeyer et al., 1999a; Tanré
et al., 2003; Nalli et al., 2005; Stuut et al., 2005; Ansmann et al.,
2009; Zipser et al., 2009; Chen et al., 2011).

The SAMUM ground station was located on the airport of
Praia, Cape Verde, at 14◦ 56′ 50.89′ ′ N and 23◦ 29′ 4.31′ ′ W,
approximately 110 m a.s.l (Fig. 1). The distance to the airport
runway was 200 m, but the air traffic density at Praia is low

and no discontinuous measurements were performed during or
after air plane take-off or landing. Upwind of the station fol-
lows about 7 km of coastline including three small settlements,
which are located in valleys near sea level. The city of Praia
is located downwind of the station, so no large anthropogenic
direct influence occurred during the campaign.

Particle collection was performed on top of an aerosol mea-
surement container, and all instruments were adjusted to a sam-
pling altitude of 4 m above ground. The container was placed
at the northeast corner of the Praia station to avoid local con-
tamination by the co-workers. For the same reason, the upwind
sector of the aerosol measurement container was kept free of
personal traffic to avoid a soil disturbance. Meteorological data
sets were also acquired at 4 m above ground on top of the aerosol
measurement container.

3. Measurement techniques

Meteorological data were acquired with a time resolution of
1 min. Temperature and relative humidity were measured by
a Humicap sensor (HMP233, Vaisala, Vantaa, Finland). Wind
speed and direction were recorded by a three-dimensional ul-
trasonic anemometer (Model 81000, R. M. Young, Traverse
City, Michigan, USA). Air pressure was taken at station level
with a precision barometric sensor (type 5002.0000, Friedrichs,
Schenefeld, Germany). Soil temperature was measured with two
standard Pt100 sensors. Data acquisition was performed by three
digital loggers (Combilog 1020, Friedrichs, Schenefeld, Ger-
many), averaging measurements over 1 min.

Mass concentrations were measured by gravimetry. Aerosol
was collected on glass fibre filters (MN GF-5, Macherey &
Nagel, Düren, Germany). To minimize inlet and transmission
losses, total suspended particle matter (TSP) was collected with
a quasi-isokinetic, iso-axially operated filter sampler on a wind
vane. PM10- and PM2.5-equivalent aerosol was collected by us-
ing glass fiber filters behind an impactor with a 50% sampling
efficiency at 10 μm and 2.5 μm aerodynamic particle diameter,
respectively. This set up was nearly identical to the one during
SAMUM-1 in Tinfou, Morocco (see also Kandler et al., 2009),
except that during SAMUM-1 instead of the PM2.5-equivalent
a PM2.3-equivalent was sampled. The air mass flow was mea-
sured continuously with a set of mass flow meters (Mass-Stream
D-6250, Bronkhorst Mättig, Unna, Germany) and converted to a
volume flow at 1013 hPa and 273.25 K. The filters were weighted
at approximately 50% relative humidity with a micro-balance
(model CP225D, Sartorius, Göttingen, Germany) before and af-
ter sampling. The weighing error is estimated as 100 μg, which
converts to an uncertainty in mass concentration for PM2.5 equiv-
alent between 0.5 and 18% (average 2%), for PM10 equivalent
between 0.2 and 3.5% (average 0.5%), and for TSP between
0.1 and 0.8% (average 0.2%). The uncertainty in air volume
determination is below 5%. Mass concentrations and sampling
intervals are summarized in Table 1.

Tellus 63B (2011), 4
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Fig. 1. Map of the measurement region. The location of the SAMUM-2 ground station at Praia, Santiago Island, Cape Verde, is marked by a green
star, the location of the SAMUM-1 ground station in Tinfou, Morocco, by a magenta star. Backward trajectories for the three main dust phases
(DU1, DU2, DU3, see below for details) and for the maritime phases (MAR) are shown by arrows. The most probable source regions for the three
dust phases are outlined by dashed lines. The satellite image (courtesy of NASA Earth Observatory,
http://earthobservatory.nasa.gov/NaturalHazards/view.php?id=19569) shows the situation during DU3 on 29 January, 2008.

The mineralogical composition of the aerosol bulk samples
was determined by X-ray powder diffraction analysis (XRD).
Relevant measurement parameters are shown in Table 2. Iden-
tification of the mineral phases was performed using the ICDD
Database (ICDD, 2002). Relative mineral contents were calcu-
lated using the standard-less reference intensity ratio (RIR) or
‘matrix-flushing’ method by Chung (1974). The ICDD Database
already provides RIR values of all mineral phases necessary for
the quantification process. By comparison to relative mineral
abundances obtained by FULLPAT (Chipera and Bish, 2002),
Kandler et al. (2009) showed the reliability of the RIR approach
for aerosol samples. For the XRD measurements, the filters con-
taining the aerosol were cut into 3 cm × 3 cm pieces and mounted
on a silicon wafer to reduce background contributions. It is as-
sumed that the particles show no preferred orientation or gra-
dation, which is required for accurate quantification (Brindley,
1980; Moore and Reynolds, 1997). Each filter was measured
with copper and cobalt radiation (graphite monochromator). A
cobalt X-ray tube was used to decrease the detection limits for
ferrous minerals. Clay minerals were identified using textured
specimens (Brindley, 1980; Moore and Reynolds, 1997). For
this analysis, the aerosol was separated from the filters by ul-

trasonic treatment in a few millilitres of distilled water. The
total content of the clay fraction (defined as the size fraction
with particles smaller than 2 μm) was determined by weigh-
ing after gravitational separation in a centrifuge and drying.
As single samples did not yield enough signal or the lines of
clay mineral phases were masked by other minerals, an integral
textured specimen was prepared for each period (DU1, DU2,
DU3, MAR1 + MAR2). For the meteorological period clas-
sification see chapter 4.1 and refer to Knippertz et al. (2011).
After these measurements, the three integral dust period sam-
ples were merged for a more detailed investigation of the clay
minerals. To check for the presence of smectite, samples were
treated with ethylene glycol. Heating to 550 ◦C allowed discrim-
ination between chlorite and kaolinite. To obtain a quantitative
analysis of clay minerals, randomly oriented powder specimens
of the integral sample DU1–DU3 and MAR1 + MAR2 clay
fractions were prepared and measured. The software SYBILLA
(Chevron Inc., based on the algorithms of Drits and Sakharov,
1976) was employed to model the measured X-ray patterns of
the textured specimens. During the modelling, the program con-
tinuously changes the content of the suggested phases to achieve
the best fit between the model and the measured pattern, based

Tellus 63B (2011), 4
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Table 1. Mass concentrations and sampling intervals during the SAMUM-1 winter campaign at Praia in 2008. Mass concentration values are given
in μg per volumetric m3 at 1013 hPa and 273.25 K. Sampling duration is given in hours and decimal fractions thereof. Sampling begin and end
times are give as local time in the format YYYY-MM-DD hh:mm (ISO, 2004)

TSP PM10 equivalent PM2.5 equivalent
Begin of sampling Duration (h) μg/m3 Begin of sampling Duration (h) μg/m3 Begin of sampling Duration (h) μg/m3

2008-01-13 14:47 25.03 90 2008-01-13 14:45 24.02 59 2008-01-13 14:42 24.07 18
2008-01-14 19:00 – – 2008-01-14 15:39 20.08 42 2008-01-14 15:39 20.08 10
2008-01-15 16:41 16.90 67 2008-01-15 12:36 20.98 38 2008-01-15 12:37 20.97 17
2008-01-16 10:26 22.82 95 2008-01-16 10:46 22.58 40 2008-01-16 10:47 22.57 19
2008-01-17 10:41 23.82 228 2008-01-17 10:43 23.90 149 2008-01-17 10:51 23.32 67
2008-01-18 11:50 21.98 289 2008-01-18 11:54 22.05 189 2008-01-18 11:56 22.02 83
2008-01-19 10:49 22.70 318 2008-01-19 10:48 22.68 251 2008-01-19 10:47 23.00 93
2008-01-20 10:31 22.95 178 2008-01-20 11:14 22.22 137 2008-01-20 11:14 22.20 55
2008-01-21 10:18 23.05 158 2008-01-21 10:09 23.10 128 2008-01-21 10:09 23.12 49
2008-01-22 10:11 24.32 177 2008-01-22 10:01 24.48 148 2008-01-22 10:11 24.32 61
2008-01-23 11:15 22.12 148 2008-01-23 11:17 22.12 113 2008-01-23 11:18 22.08 47
2008-01-24 10:30 23.08 267 2008-01-24 10:30 23.08 251 2008-01-24 10:30 23.08 93
2008-01-25 10:06 23.43 235 2008-01-25 10:07 23.43 214 2008-01-25 10:06 23.45 72
2008-01-26 12:45 20.80 93 2008-01-26 12:43 20.82 71 – – –
2008-01-27 10:19 23.18 177 2008-01-27 10:19 23.17 120 2008-01-27 09:31 23.90 42
2008-01-28 10:22 22.82 525 2008-01-28 10:24 22.78 460 2008-01-28 10:23 22.87 181
2008-01-29 10:05 23.17 542 2008-01-29 10:06 23.15 460 2008-01-29 10:05 23.20 184
2008-01-30 10:57 22.47 342 2008-01-30 10:56 22.48 298 2008-01-30 10:58 22.45 102
2008-01-31 10:05 23.10 285 2008-01-31 10:05 23.10 183 2008-01-31 10:05 23.10 58
2008-02-01 09:47 23.60 356 2008-02-01 10:05 23.30 278 2008-02-01 10:06 23.28 114
2008-02-02 10:02 23.07 146 2008-02-02 10:02 23.07 200 2008-02-02 10:06 23.00 84
2008-02-03 09:36 23.78 81 2008-02-03 09:38 23.75 49 2008-02-03 09:42 23.65 23
2008-02-04 09:56 23.28 46 2008-02-04 09:57 23.28 26 2008-02-04 10:01 23.18 9
2008-02-05 09:45 23.57 46 2008-02-05 09:43 23.60 24 2008-02-05 09:49 23.50 8
2008-02-06 10:06 23.22 28 2008-02-06 10:07 23.20 17 2008-02-06 10:39 22.70 7
2008-02-07 09:48 23.88 39 2008-02-07 09:46 23.90 15 2008-02-07 09:57 23.72 5
2008-02-08 10:10 23.03 51 2008-02-08 10:09 23.05 15 2008-02-08 10:20 22.87 5
2008-02-09 09:37 23.58 35 2008-02-09 09:37 23.58 16 2008-02-09 09:53 23.33 6

Table 2. Specifications for measuring powder samples using (a)
copper and (b) cobalt radiation and (c) for identifying clay minerals
using textured specimens

a b c
Manufacturer Seifert Seifert Philips

Model XRD 3003TT XRD 3003TT PW1050
Anode material Cu Kα Co Kα Cu Kα

Angle (◦2�) 3–70 3–70 5–50
Increment (◦2�) 0.02 0.02 0.02
Time per step (s) 13 13 13
Tube voltage (kV) 40 50 40
Tube current (mA) 30 36 30

on the least squares method. As result, from the best-fit model
the ratio of the clay phases in the sample can be estimated.

The aerosol size distributions in the submicron range were
measured quasi-continuously by a combination of a Differential
Mobility Particle Sizer (DMPS) for the mobility size range of

26–800 nm and an Aerodynamic Particle Sizer (APS; model
3321, TSI Inc., St. Paul, USA) for the aerodynamic size range
of 570 nm to 10 μm, of which data only for particles smaller
than 5 μm were used. For details of measurement and data
processing refer to Schladitz et al. (2011). Particles in the size
range of 4–500 μm were collected by a single-stage impactor
(SSI) on glass substrates coated by silicon oil and a free-rotating
wing impactor (FWI). For details of measurement and anal-
ysis refer to Kandler et al. (2009). A laboratory microscope
(model BH2, Olympus GmbH, Hamburg, Germany) with a ded-
icated microscopy digital camera (ColorView I with analySIS
5 software, Olympus GmbH, Hamburg, Germany) was used for
particle sizing and counting. Due to the constant magnification
calibration with this new setup, the size error of the particles
could be reduced to 3% for particles larger than 15 μm, and
approximately 0.5 μm for smaller ones. The same corrections
and image analysis procedures as described by Kandler et al.
(2009) were applied. However, due to a higher degree of au-
tomation in terms of image acquisition, two full size distributions
could be measured each day.
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4. Results and Discussion

4.1. Meteorological situation

During the measurement campaign Cape Verde was under very
stable atmospheric conditions. The wind direction was nearly
always (>97% of the time) in the sector of 330◦ to 40◦ (NNW to
NE) with a low variability (Fig. 2). The average wind direction
was 11◦ and the average wind speed was 5.5 m/s during the cam-
paign. According to aerosol mass concentration analysis and to
the lidar investigation of the lowest accessible altitudes (Groß
et al., 2011) as well as to the synoptic situation, the measurement
campaign was split into three dust periods DU1, DU2 and DU3
and two maritime periods MAR1 and MAR2 (Knippertz et al.,
2011). In terms of wind speed there was a difference between
the dust and maritime periods (4.6 ± 1.5 m/s during dust con-
dition, 7.1 ± 1.4 m/s during maritime ones), but no difference
between the separate dust periods was found. Fig. 1 shows the

Fig. 2. Wind direction distribution at the Praia ground station during
SAMUM-2.

dominant transport pathways derived from backward trajectory
analysis for Praia (Knippertz et al., 2011) during the three dust
events and three different trajectories from the maritime phases.
In addition, source regions identified by the backward trajectory
analysis in conjunction with satellite imagery and synoptic ob-
servations are shown (for details refer to Knippertz et al., 2011).
While DU2 and DU3 are quite similar in terms of transport pat-
tern and source region in the eastern Mali/western Niger area,
during DU1 the dust was transported over a shorter distance from
southern Mauritania. During the maritime phases MAR1 and
MAR2, several transport pathways (examples shown in Fig. 1)
occurred. The air masses on these paths were transported over
the Atlantic Ocean for several days. However, if the backward
trajectories for the marine boundary layer are calculated for 10
days (not shown), nearly all trajectories crossed the African con-
tinent, implying that all investigated airmasses were influenced
continentally to some degree. This influence is confirmed by the
measurements discussed in chapter 4.4 and the single particle
chemical analysis presented by Kandler et al. (2011). For this
reason, the term ‘maritime’ is used to denote these situations
instead of ‘marine’, as practically no airmasses formed under
pure marine influence were encountered in this work.

From the temperature, relative humidity and atmospheric
pressure the water vapour mixing ratio was calculated as a tracer
for air mass and vertical mixing. Figure 3 shows time series of
the water vapour mixing ratio and the deviation of wind direction
from the average direction. In addition, the difference in water
vapour mixing ratio between the daytime and nighttime values
is shown as black bar. During the dust periods, a stronger diurnal
pattern in water vapour mixing ratio (especially DU1 and DU3)
and, less significant, in wind direction oscillation is present than
during the maritime periods before and after the dust periods.
This behaviour shows the influence of the dust burden on the
local circulation around the island of Santiago. It indicates that
in dust situations during daytime, when there is a decrease in

Fig. 3. Time series of water vapour mixing ratio (black line) and deviation from the average wind direction of 11◦ (grey dots). The short horizontal
black lines in the lower half show the differences in mixing ratio between daytime (10–16 h) and nighttime (22 h to 4 h) averages. Dust (DU1, DU2,
DU3) and maritime (MAR1, MAR2) periods are marked as identified by aerosol mass concentrations and lidar profiles.

Tellus 63B (2011), 4



464 K. KANDLER ET AL.

water vapour mixing ratio, dry dust-laden air is mixed down-
ward from the dust layer (Jaenicke and Schütz, 1978; Knippertz
et al., 2011) into the local, more humid, marine boundary layer.
That does not happen to the same extent during the maritime pe-
riods. In addition, a downmixing of momentum from the more
easterly air flow in the dust layer into the more northerly flow of
the marine boundary layer seems to occur, as the wind direction
tends to the east during daytime in dust situations (Fig. 3). A
similar behaviour of momentum downmixing has been reported
for other locations (Banta and Cotton, 1981; McRae et al., 1981;
Haeger-Eugensson, 1999).

4.2. Mass concentration

The aerosol mass concentrations at Praia appear as a super-
position of advected mineral dust, small amounts of locally
emitted dust and sea–salt (Kandler et al., 2011; see also Fig.
1 of Knippertz et al., 2011). During maritime situations, the av-
erage TSP mass concentration is 55 μg/m3 while during dust
advection it increases by a factor of 5 (275 μg/m3). For the
PM10- and PM2.5-equivalent mass concentrations, the increase
is even higher (Fig. 4). The PM10 concentration of 29 μg/m3

for the maritime period are similar to those found during sum-
mer time in 2006 at Cape Verde (Jeong et al., 2008), indi-
cating a background mass concentration level with low vari-
ability. For dust periods, the PM10 concentration in 2008 of
223 μg/m3 is considerably higher than these background con-
centrations. It is also higher than the concentrations reported
for Sal island during a dust event (Westphal et al., 1988) and
2.5 times as high as the January average at Sal (Chiapello
et al., 1995). Though there is a variation on day-to-day basis
at Cape Verde of 43 to 52% relative standard deviation (Fig. 4),
it has to be considered as a low variability in comparison to

Fig. 4. Average mass concentrations and standard deviations for daily
samples at Praia, Cape Verde; ‘Dust’ and ‘Maritime’ denote the
average of the according periods.

Fig. 5. Correlation of wind speed with mass concentrations (TSP,
PM10, PM2.5; bottom panel) and ratio of TSP/PM10 (top panel).

the values encountered during the SAMUM field experiment in
Morocco (Kandler et al., 2009), where a relative standard devia-
tion of 100–135% was measured for background situations and
135–180% during dust wind situations (all for daily averages).
This difference indicates that the variability is smoothed out by
the transport, either due to mostly removal of the highly vari-
able ultra-large particle fraction (larger than 20 μm diameter)
and/or due to a mixture of differently active sources. Daily mass
concentrations are given in Table 1.

Local dust production is usually increasing with increasing
wind speed (Shao, 2008). While it was found in Morocco that
the aerosol mass concentrations are strongly correlated with the
wind speed (Kandler et al., 2009), indicating that a significant
fraction of the mass concentration was produced locally, for
Cape Verde the picture is different. We find a decreasing aerosol
mass concentration with increasing wind speed (Fig. 5). In ad-
dition, no difference in strength of correlation for the different
mass fractions is detected. This is also in contrast to Morocco,
where—as it is to be expected for local dust production—the TSP
mass concentration exhibited the strongest correlation with wind
speed. The decrease of absolute mass concentration with in-
creasing wind speed leads to two conclusions. First, the amount
of locally influenced aerosol mass concentration is low, and
secondly, the wind speed as determined by the meteorological
situation shows lower values during dust transport. One possible
explanation for the latter may be the hypothesis that radiation
extinction of the dust leads to less energy input to the planetary
surface and into the boundary layer and, thus, by reduced con-
vection to a shallower boundary layer depth. With a decrease
in convective activity and boundary layer depth the amount of
momentum mixed down from the free atmospheric circulation
above would also be decreased. However, this change in wind
speed may also be related to the synoptic situation. Longer time
series would be needed to assess this question.

In addition, Fig. 5 shows the dependency of the TSP/PM10

ratio on wind speed. While in Morocco much higher values
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were encountered (low-dust situation: 8.6, dust-wind: 37), the
TSP/PM10 ratio is comparatively low at Cape Verde, ranging
from 1.24 (dust period average) to 2.44 (maritime period aver-
age). Notably, the ratio is higher for maritime situations than
for dust transport. There are probably three concurrent expla-
nations. Firstly, though the amount of locally produced dust is
low at an absolute scale, it is present for the particles larger
than 10 μm in aerodynamic diameter, especially when there is
no advected dust and the local wind speeds are high. Secondly,
with increasing wind speeds the effective settling velocity for
particles between 20 and 50 μm diameter may decrease signifi-
cantly (Noll and Fang, 1989; Aluko and Noll, 2006), so a higher
fraction of larger particles may have been transported to Praia.
Thirdly, a large amount of potentially deliquesced sea–salt—
still deliquesced during the weighing process—may also lead to
an increase of particle mass for particles with diameters greater
than 10 μm (see also Schladitz et al., 2011). No conclusion on
the prevailing process can be drawn from our data. The ratio
PM10/PM2.5 of 2.67 is not influenced by the meteorological sit-
uation on Cape Verde, indicating a constant background aerosol
situation, while in contrast the ratio of PM10/PM2.3 in Morocco
increased from 3.4 during low-dust conditions to 5.1 during dust
wind.

4.3. Aerosol size distribution

The knowledge of the full aerosol size distribution is crucial for
the calculation of the radiative transfer. Figure 6 shows a com-
pilation of the average size distributions during the campaign
for the identified dust periods, for the maritime period, and the
campaign average. In addition, the average size distribution for
the SAMUM campaign in Morocco (Kandler et al., 2009) and
for former campaigns on Cape Verde (Jaenicke et al., 1971;
Jaenicke and Schütz, 1978) are shown. Finally, the volume size
distributions for the averages of dust and maritime periods on
Cape Verde are displayed. The size distributions can be well ex-
plained by a superposition of four log-normal distributions. The
two modes with the smallest diameters can be interpreted as char-
acteristic marine size distribution formed by sea–salt production
and sulfate formation. However, the variability of the larger of
the two modes in contrast to the smaller indicates an additional
contribution of dust (see also Schladitz et al., 2011). The third
mode with a modal value between 5 and 10 μm particle diame-
ter can be clearly identified as mineral dust dominated mode by
its chemical composition (Kandler et al., 2011) as well as wind
speed measurements (see later). The forth mode is identified in-
termittently only by parameterization of the size distribution. Its
modal diameter varies between 15 and 70 μm, and is interpreted
as—at least in part—locally produced dust. Comparing the dust
period size distributions in Fig. 6, it can be seen that during DU3
besides the mineral dust mode also the mode around 1 μm parti-
cle diameter is enhanced. This is in accordance with the results of
electron microscopy (Kandler et al., 2011), which shows that an

increased amount of small dust particles is present during DU3.
Also, during the same period the fraction of hydrophobic parti-
cles is increased (Schladitz et al., 2011). In comparison to former
size distribution measurements in the Cape Verde region (1969
and 1973), significantly higher dust loads were found in the dust
mode during the 2008 campaign. Otherwise, the size distribu-
tions are quite similar to CV-1973 (see Fig. 6). Onboard the re-
search vessel Meteor in 1969, lower concentrations were found
for the size range with particle diameter greater than 10 μm,
which may be related to an additionally local dust contri-
bution for the largest particles during our campaign, which
would not be expected for ship measurements. A large dif-
ference exists between the dust period size distributions on
Cape Verde and the ‘dust wind’ size distribution in Morocco
(Kandler et al., 2009), where three magnitudes higher concen-
trations of 100 μm diameter particle were present due to local
production.

If the dust volume size distribution is calculated from the
number size distribution (Fig. 6), an ‘advected dust’ volume
size distribution can be determined as the positive difference
between dust and maritime periods (Fig. 7). This advected vol-
ume size distribution is not necessarily valid for particles larger
than 20 μm, as the higher wind speeds during the maritime pe-
riods may increase significantly the transport distances of these
particles (Aluko and Noll, 2006), but it describes adequately the
additional material for the smaller particles. The modal diameter
of this advected dust is generally below 10 μm. The period DU1
has a slightly larger modal diameter than DU2 and DU3, which
is in accordance with the shorter transport distances and times
for this dust event. While the dust sources for Cape Verde during
DU1 were located at the coast of Mauritania, they were located
in the eastern Niger/western Mali region during DU2 and DU3.
Notably, the general shape and intensity ratio of the two modes
agree very well with those simulated for dust in the lower SAL
in this region decades ago (Westphal et al., 1988, not shown in
graph), while a higher overall concentration and smaller modal
sizes were measured in 2008. Similar modal diameters of the
larger mode between 6 and 10 μm in diameter were also found
by high-volume filter sampling measurements onboard the re-
search vessel Meteor in the Cape Verde region in 1998 (Stuut
et al., 2005, shown as shaded area). In contrast, measurements
farther to the northeast close to Cape Blanc (Stuut et al., 2005) as
well as in the gulf of Guinea (Stuut et al., 2005, not shown) ex-
hibit a considerably larger modal diameter. In conjunction with
deep-sea sediment trap measurements confirming this difference
(Ratmeyer et al., 1999b; Stuut et al., 2005) it can be concluded
that the smaller modal diameters of the dust volume distribution
encountered at Cape Verde are a persistent phenomenon, though
Stuut et al. (2005) illustrated that it is not caused by a particular
dust source.

In accordance with the mass concentration trends (fig. 1 of
Knippertz et al., 2011), the average volume concentration during
DU3 is approximately twice as high as that of the other periods.
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Fig. 6. Size distributions for meteorological periods during SAMUM-2 at Cape Verde (CV-2008), during SAMUM-1 in Morocco (MO-2006), from
former campaigns at Cape Verde (CV-1973) and onboard the research vessel Meteor in the Cape Verde region in 1969.

While the uncertainties of the TSP mass measurements (increas-
ing inlet losses with increasing particle size and, thus, mass con-
tribution) do not allow a comparison with mass concentrations
derived from the size distributions, a comparison of PM10 and
PM2.5 is possible, assuming a density of 1.5 g/cm3 for particles
with diameter smaller than 1 μm and 2.5 g/cm3 for larger parti-
cles. This comparison leads to an excess in mass of 60% for the
size distribution-derived PM10 values versus the ones measured

by gravimetry, and to an excess of 30% for PM2.5. Given the
uncertainties in particle shape and density, which influence the
comparison by affecting aerodynamic diameter and inlet losses,
the agreement between the two methods is acceptable.

The averaged aerosol size distribution can be parameterized
with a low error by three to four log-normal distributions. The
parameters for the separate dust periods and the maritime period
average as well as the campaign average are given in Table 3.
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Fig. 7. ‘Advected volume’: difference of the single dust period volume
size distributions and the maritime volume size distribution, each
calculated from the according number size distributions (left axis). In
addition, the volume size distribution range from previous
measurements in the Cape Verde region (CV98) and near Cape Blanc,
north-west Mauritania, (CB98) are shown (right axis, ship-borne
measurements in 1998, Stuut et al., 2005).

Table 3. Parameters of the n-modal size distributions for the three
dust periods, the maritime period and the average size distribution of
the whole campaign

i ni(cm−3) mi (μm) ζ i

Dust period 1 1 468.2 0.06942 2.018
2 53.57 0.6901 1.594
3 2.722 4.173 1.701
4 5.878 × 10−4 23.10 1.542

Dust period 2 1 610.9 0.06823 2.040
2 53.90 0.8471 1.537
3 3.792 3.356 1.647
4 2.028 × 10−3 16.53 1.652

Dust period 3 1 489.8 0.06485 2.104
2 108.4 0.8612 1.513
3 5.590 3.863 1.665
4 3.244 × 10−4 25.70 1.622

Maritime period 1 720.2 0.05756 2.306
2 2.087 1.133 1.422
3 0.6064 2.606 2.331
4 9.125 × 10−5 68.85 1.288

Average 1 741.3 0.05349 2.349
2 43.50 0.8521 1.518
3 2.779 3.768 1.704
4 4.009 × 10−3 14.74 1.801

Aerosol size distribution as a function of the particle diameter
dp can be calculated as

dn

d log dp

= ln 10√
2π

4∑
i=1

ni

lnζi
exp

(
− ln2

(
dpm−1

i

)
2 ln2 ζi

)
(1)

with ni, mi, ζ i the parameters of the log-normal distributions.

Fig. 8. Size distributions of the correlation between particle number
concentrations derived by different methods (grey symbols: DMPS and
APS, black symbols: SSI and FWI) with wind speed for Morocco (top
panel) and Cape Verde (bottom panel); the determination coefficient
(square of the correlation coefficient) is drawn as shaded area.

To assess a potential connection between dust concentration
and local meteorology, the time series of all particle concen-
trations for each particle size interval were correlated with the
wind speed. Figure 8 shows the size dependence of the regres-
sion coefficient and the according determination coefficient for
these correlations. For the SAMUM Morocco campaign in 2006,
there is no correlation between wind speed and concentration for
particles smaller than 400 nm. Between 400 nm and 10 μm in
particle diameter, there is a constantly positive regression coeffi-
cient showing a correlation with wind speed. The regression co-
efficient increases strongly with particle size for particles larger
than 10 μm. This shows that in Morocco the local wind speed is
the controlling factor for the particle concentrations of the large
particles. At Cape Verde, again there is no correlation for par-
ticles smaller than 400 nm. However, for particles between 400
nm and 15 μm in particle diameter, there is an anti-correlation
between particle concentration and wind speed, for which possi-
ble causes were explained in this chapter earlier. For even larger
particles there is a (very weak) positive correlation again. A
similar behaviour of the correlation between particle number
concentrations and local wind speed has been described for Sal,
Cape Verde (Jaenicke and Schütz, 1978). From this statistical
approach and the ‘advected dust volume’ distributions, we can
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conclude with confidence that the local influence during dust
advection to the Cape Verde islands the aerosol in the size range
between 400 nm and 20 μm is negligible.

4.4. Mineralogical composition

All TSP filter samples yielded appropriate XRD intensities for
mineral identification as well as for quantitative phase deter-
mination using the RIR method. The aerosol is composed of
varying abundances of quartz, potassium feldspar, plagioclase,
magnesium-rich calcite, gypsum, halite, rutile and clay mineral
phases. The latter ones consist of mineral members from the kao-
line, illite and chlorite group as well as smectite. Measurements
with cobalt radiation showed no goethite, hematite or magnetite
(experimentally determined identification limit ≈ 1%). However
in the textured specimens, where the Fe-phases are enriched due
to their small grain sizes, discrete amounts of goethite could be
detected. We believe that its formation reflects a hydrolysis of
hematite/magnetite or the iron was leached out from existing
silicates.

Diffraction patterns for the textured samples are shown in
Fig. 9, following the suggestion of Środoń and Eberl (1980).
In addition, raw diffraction data are available as appendix in
the electronic supporting information. An overview of the semi-
quantitative results for the individual samples is given in Table 4
(diffraction patterns are shown in Fig. 10). Kaoline is the dom-
inant mineral during the all the periods, whilst illite is also
present along the entire period of measurements (minimum con-
tent of 5%wt., Carroll, 1970). A disordered smectite component
is present in most of the samples, which is evidenced by the
asymmetrical shape of basal illite 001 peaks (∼8.83 ◦2�) in
the XRD patterns of textured specimens, as well as by the pro-

nounced bulging in the 25 to 35 ◦2� area (Fig. 9). In some of
the daily powder samples (DU3: Jan 28 to Feb 2, Table 4 and
Fig. 10) the 001 reflections of the swelling phases are detected.
The sharp and relatively intense reflections near 17.7 ◦2� are
due to the superposition of the smectite 003 and illite 002 re-
flections, typical for ordered mixed layers (illite 1M—smectite
of rectorite type), which is corroborated by the lack of the clear
peak pattern of the air-dried illite 001 10Å lines. The described
characteristics suggest a smectite content of 15–25% in illite, as
well as the 1M illite polytype, implying the origin via in-place
alteration of silicate phases (e.g. feldspar, biotite). Although
the XRD patterns suggest a dominance of ordered kaolinite, a
low amount of kaolinite/smectite mixed layers is also present,
shown by the unusual basal asymmetry and broadening at the
001 reflections (12.37 ◦2�, Fig. 9). This implies that the smec-
tite content in kaolinite is larger than 5%. Chlorite was detected
only sporadically in daily powder samples in the DU3 period
(Jan 27 to Feb 2, Table 4 and Fig. 10). A clay phase composi-
tion modelling—performed in the SYBILLA program—for the
textured samples confirmed kaolinite as dominant clay mineral
phase (∼50–70%), with a considerable amount of smectite and
illite components (approximately 10–15% and about 25–35%,
respectively). Hence, the illite/kaolinite ratio is determined to be
within the range from approximately 1 : 2 (DU1 period) to 1 : 4
(DU3 period).

The gravimetrically determined clay contents ranged between
30 and 60%wt. (Table 4). The maximum abundances of clay
phases is found during the DU3 period. During the periods
MAR1 and MAR2 periods, a comparatively lower amount of
clay minerals is present. Since the mineral composition of DU1,
DU2 and DU3 did not vary considerably, the mean concentration
of the dust periods was calculated. The results were compared

Fig. 9. Diffractograms of the textured sum samples for the three dust periods and the maritime period. Each major division on the y-axis equals 5000
counts. The curves and the according zero base lines are identified on the right of the graph. Major peaks are identified: Ill, illite; Kln, kaolinite; Qtz,
quartz; Kfs, K-feldspar; Pl, plagioclase; Gp, gypsum (Kretz, 1983).
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Table 4. Mineralogical composition of the TSP filter samples at Praia in 2008; a semiquantification is indicated by symbols: not detected (–),
detected (+), traces (∗), minor compound (∗∗), major compound (∗∗∗), dominant compound (∗∗∗∗); the clay fraction column lists the mass fraction of
insoluble particles smaller than 2 μm in the sample; the last column shows meteorological periods of dust (DU1, DU2, DU3) and maritime (MAR1,
MAR2) influence and transitional periods (T); 1 and 2: two samples were taken on this day; Qtz, quartz; Pl, plagioclase; Kfs, K-feldspar; Cal,
calcite; Gp, gypsum; Hl, Halite; Ill, illite; Kln, kaolinite; Sme, smectite (swelling phase); Chl, chlorite; Rt, rutile (mineral abbreviations after Kretz,
1983).

Date Qtz Pl Kfs Cal Gp Hl Ill (1M) Kln Sme Chl Rt Clay fraction Period

Jan 14 ∗∗∗ ∗ ∗∗ ∗ ∗∗∗ ∗∗∗ ∗ ∗∗ + − − 0.16 MAR1
Jan 15 ∗∗∗ + ∗∗ ∗ ∗∗ ∗∗∗ ∗ ∗ + − − 0.25 MAR1
Jan 161 ∗ ∗ ∗∗ − ∗ ∗∗ + ∗ + − ∗∗ 0.51 MAR1
Jan 162 ∗∗∗ − ∗ ∗ ∗∗ ∗∗∗ + ∗∗ + − − 0.23 MAR1
Jan 17 ∗∗∗∗ ∗∗ ∗∗∗ ∗ ∗ ∗∗ ∗ ∗∗∗ + − − 0.53 DU1
Jan 18 ∗∗∗∗ ∗∗ ∗∗∗ ∗ ∗ ∗∗ ∗ ∗∗∗ + − − 0.43 DU1
Jan 19 ∗∗∗∗ ∗∗ ∗∗∗ ∗ ∗∗ ∗ ∗ ∗∗∗ − − − 0.42 DU1
Jan 20 ∗∗∗ ∗∗ ∗∗∗ ∗ ∗∗ ∗ ∗ ∗∗∗ − − − 0.68 DU1
Jan 21 ∗∗∗ ∗∗ ∗∗ ∗ ∗ ∗ ∗ ∗∗∗ + – – 0.53 T
Jan 22 ∗∗∗ ∗∗ ∗∗ ∗ ∗∗ ∗ ∗ ∗∗∗ + − − 0.40 T
Jan 23 ∗∗∗ ∗ ∗∗ ∗ ∗ ∗∗ ∗ ∗∗∗ + − − 0.57 DU2
Jan 24 ∗∗∗ ∗∗∗ ∗∗∗ ∗ ∗ ∗ ∗ ∗∗∗ + − − 0.68 DU2
Jan 25 ∗∗∗ ∗∗∗ ∗∗ ∗ ∗ ∗ ∗ ∗∗∗∗ ∗ + − 0.66 DU2
Jan 26 ∗∗∗ ∗ ∗∗ ∗ ∗ ∗∗ ∗ ∗∗∗ + − − 0.56 T
Jan 27 ∗∗ ∗∗ ∗∗ ∗ ∗ ∗ ∗ ∗∗∗ + + − 0.45 T
Jan 28 ∗∗∗ ∗∗ ∗∗ ∗ ∗ ∗ ∗ ∗∗∗ ∗ + − 0.56 DU3
Jan 29 ∗∗ ∗∗ ∗∗∗ ∗ ∗ ∗ ∗ ∗∗∗ ∗ + − 0.60 DU3
Jan 30 ∗∗∗ ∗∗ ∗∗ ∗ ∗ ∗ ∗ ∗∗∗ ∗ + − 0.47 DU3
Jan 31 ∗∗∗ ∗∗ ∗∗ ∗ ∗ ∗ ∗ ∗∗∗ ∗ + − 0.49 DU3
Feb 01 ∗∗∗ ∗∗ ∗∗∗ ∗ ∗ ∗ ∗ ∗∗∗ ∗ + − 0.56 DU3
Feb 02 ∗∗ ∗∗ ∗∗ ∗ ∗ ∗∗ ∗ ∗∗∗ ∗ + − 0.58 T
Feb 03 ∗∗ ∗∗ ∗∗ ∗ ∗∗ ∗∗ ∗ ∗∗ − − ∗ 0.43 T
Feb 04 ∗∗∗ ∗∗ ∗∗∗ – ∗∗∗ ∗∗ ∗ ∗ − − + 0.17 MAR2
Feb 05 ∗∗ + ∗∗ ∗ ∗ ∗∗ – ∗ + − − 0.26 MAR2
Feb 06 ∗∗ – ∗∗ ∗ ∗ ∗∗ + ∗∗ + − − 0.30 MAR2
Feb 07 ∗∗∗ ∗ ∗∗ ∗ ∗∗ ∗∗∗ − ∗∗ − − − 0.23 MAR2
Feb 08 ∗∗ + ∗ ∗ ∗ ∗∗ ∗ ∗∗ − − − 0.61 MAR2
Feb 09 ∗ − ∗ − − ∗∗∗ − ∗ − − − 0.55 MAR2

with the mineral abundances of MAR1 and MAR2 (Fig. 11).
During the dust periods, kaolinite, potassium feldspar, quartz
and illite/smectite dominated the dust composition. Plagioclase,
calcite, gypsum and halite were minor constituents. Quartz,
strongly weathering-resistant due to its high mechanical and
chemical stability, can be found in similar quantities during the
MAR periods as well. The concentration of kaolinite, although
still the dominant mineral, decreases during the MAR periods
with low Saharan dust contribution (Knippertz et al., 2011). In
contrast, potassium feldspar concentrations are increased, indi-
cating a possible minor contribution of local soil material. Halite
and gypsum occur at significantly higher concentrations during
the MAR periods, similar to prior observations at the Canary
Islands (Alastuey et al., 2005). While halite is most probably
directly emitted by sea spray, gypsum is only partly of marine
origin (Hoornaert et al., 1996) and may also be processed calcite
(e.g. Glaccum and Prospero, 1980). During the MAR periods on

several occasions (Jan 16, Feb 3 and Feb 4) a rutile presence was
measured. Between the dust phases only weak differences are
visible. At the beginning of DU1 there is a higher contribution of
quartz to the aerosol (Table 4), which is probably connected the
slightly higher abundance of particles around 10 μm diameter
(Fig. 7), being probably related to the shorter transport pathway
and/or to the different source region of DU1. Small amounts of
chlorite are measured only during DU3. However, at this point
it can’t be determined whether this detection is due to a different
aerosol composition during DU3 or due to a lower relative de-
tection limit caused by the highest aerosol mass concentrations
during this phase.

In comparison to the SAMUM-1 campaign (Kandler et al.,
2009), the most pronounced difference occurs in the mean abun-
dance of clay and non-clay minerals. At Cape Verde, signifi-
cantly higher concentration of clay minerals occur, most prob-
ably due to the higher settling velocities of the larger non-clay
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Fig. 10. Diffractograms of the TSP powder samples at Praia. Each division on the y-axis equals 10000 counts. The curves and the according zero
base lines are identified on the right of the graph. +, samples were measured with Philips instrument (see Table 2); ∗, count rates were scaled by 0.2
to match the standard instrument settings; 1 and 2, two samples were collected on this day. Major peaks in the spectra are identified: Gp, gypsum;
Kln, kaolinite; Qtz, quartz; Kfs, K-feldspar; Pl, plagioclase; Cal, calcite; Hl, halite (Kretz, 1983).

particles in comparison to the smaller and platy clay minerals
and the subsequent loss of the former during transport. A simi-
lar behaviour concerning the clay mineral content is reported by
Formenti et al. (2008) who measured mineral dust over western
Africa.

During the total SAMUM-2 campaign described in this work,
a dominance of kaolinite was found for the clay minerals. This
is in accordance with the works of Caquineau et al. (1998,

2002), who detected high values of kaolinite at Sal Island,
Cape Verde. These high values were found especially for air
mass trajectories indicating Sahelian, south and central Saharan
origin—meteorological situations similar to those encountered
during the SAMUM-2 field campaign (Knippertz et al., 2011).
The increase of kaolinite towards the equator is also shown by
Chester et al. (1972) and Stuut et al. (2005). Kaolinite domi-
nance was confirmed over Mali—a preferential source region
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for this campaign—by Kiefert et al. (1996). In contrast to these
findings, Glaccum and Prospero (1980) reported that the aerosol
bulk mineralogy at Cape Verde Islands is dominated by illite.
As higher illite than kaolinite concentrations are reported usu-
ally for other regions like the Canary Islands (Kandler et al.,
2007), Israel (Falkovich et al., 2001), Sardinia (Guerzoni et al.,
1997), northeastern Spain (Avila et al., 1997) and over the North
Atlantic Ocean west of the African coast (Chester et al., 1971;
Chester and Johnson, 1971; Chester et al., 1972), the measure-
ments of Glaccum and Prospero (1980) have to be treated as
unique.

5. Summary and Conclusions

During the SAMUM-2 campaign in January and February 2008
at Cape Verde, three major dust events were recorded. At the
beginning and the end of the field campaign rather maritime
conditions were encountered. During the dust events, the total
mass concentration is raised by a factor of more than 10 over the
maritime mass concentration, demonstrating the strong impact
of Saharan dust advection on the aerosol load at Cape Verde. In
general, the dust events can also be clearly distinguished from
maritime periods by changing diurnal patterns in water vapour
mixing ratio and wind direction. The wind speed is usually lower
and the diurnal pattern in mixing ratio is less pronounced during
dust advection compared to maritime conditions, indicating a
lower input of energy to the boundary layer and a decoupling
from the air layers above.

The size distribution measurements show number maxima
around 50 to 70 nm particle diameter. Four modes can be identi-
fied in the spectra, of which the smallest belongs to sea-generated
and sulfate aerosol. From the variability of the second mode
around 700 nm particle diameter it can be concluded that it is
a superposition of marine aerosol and advected mineral dust.
The third mode between 5 and 10 μm can be attributed to
sea–salt and dust in changing proportions. The fourth mode with
modal sizes larger than 10 μm is attributed to mineral dust only
(Kandler et al., 2011). The main size region of dust transported
to the Cape Verde lies between 400 nm and 20 μm in particle
diameter. For the first dust period DU1, where the most proba-
ble source areas were located closer than for the other periods,
a slightly higher mass concentration was found to be associ-
ated with larger particles, reflected also by the size distribution
measurements showing a slightly higher abundance of larger
particles around 10 μm diameter. In addition, a higher relative
quartz abundance is found during this phase. These observations
can be explained by the shorter transport distance and, subse-
quently, less sedimentation losses during transport. In general,
the dust concentrations encountered in 2008 were higher than
those of earlier measurements at Cape Verde (Westphal et al.,
1988; Jeong et al., 2008), but of course much lower than those
encountered close to the sources (Kandler et al., 2009). For the
largest particles there was a small local contribution, which was

Fig. 11. Average mineralogical composition of TSP filter samples for
the dust periods and for the maritime period at Praia, Cape Verde, given
in mass fraction. The error bars from quartz to halite represent the
standard deviation (1σ ) of the measured daily samples; the clay
mineral contents were estimated by multiplying the relative clay
mineral ratios determined from the textured samples (see text for
details) with the mass fraction of grains smaller than 2 μm diameter.

mainly detectable during maritime situations, similar to previous
observations (Jaenicke and Schütz, 1978).

The mineralogical composition revealed kaolinite as the dom-
inating clay mineral. In comparison with measurements in
Morocco (Kandler et al., 2009), this clearly reflects the dif-
ference in source regions for both locations (Caquineau et al.,
1998; Formenti et al., 2010). The mineralogical measurements
also confirmed that the aerosol during the three dust periods was
composed—within experimental errors—of the same compo-
nents. In comparison to Morocco, a significantly higher amount
of clay minerals was identified in the aerosol, reflecting the
preferential removal of the large particles, which are to a higher
extent composed of non-clay minerals (Kandler et al., 2009).
A large difference in mineralogical composition was found be-
tween the dust and the maritime periods. During the latter, a sig-
nificant amount of halite and gypsum was detected in the aerosol.
Lower amounts of plagioclase and slightly higher amounts of K-
feldspar during the maritime situations may indicate a change in
particle source and may be a local contribution. However, also
during the maritime periods the mineral dust has a significant
and mostly dominating contribution to the aerosol mass at Cape
Verde.
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Supporting Information

Additional supporting information may be found in the online
version of this article:

This electronic supporting information consists of two files con-
taining raw X-ray diffraction count data of all samples measured
in this work. Both files are tables with the single columns di-
vided by a tabulator character. The first column contains the
angle in ◦ 2�, the following columns the raw counts. The file
XRD powder.txt contains the measurements of the randomly
orientated filter samples for each single day. The column head-
ers denote the date in 2008, for the exact sampling times refer
to Table 1. For instrument parameters refer to Table 2, only
samples marked with a + were measured with the Philips in-
strument. The file XRD textured.txt contains the measurement
of the textured sum samples of the meteorological periods. For
details on sample preparation refer to text.

Please note: Wiley-Blackwell is not responsible for the content
or functionality of any supporting materials supplied by the
authors. Any queries (other than missing material) should be
directed to the corresponding author for the article.
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