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Summary
Saharan dust is transported in great quantities across the Atlantic Ocean, and a large 
part is deposited before it reaches the Caribbean. However, little is known about 
this dust deposition across the entire Atlantic, and the physical characteristics of 
the particles involved. Therefore, a transect of subsurface sediment traps and dust-
collecting buoys was deployed, which provides a unique opportunity to study dust 
deposition in a spatial and temporal high resolution over multiple years. In this 
thesis dust deposition fluxes and atmospheric dust concentrations along the transect, 
particle size of the dust and their downwind trends are described. In addition, 
evidence that giant mineral dust particles (>75 µm) are blown all the way across the 
ocean is given, transported over thousands of kilometres, which is explained with a 
range of possible mechanisms. Also, a possible influence of Amazon River sediments 
to the western sediment traps by means of geochemical analysis is investigated.

Chapter 2 ‘Particle-Size Analysis Methods’ contains a detailed description of the 
different sample preparations, which were employed for the analyses of the dust 
samples used for this study. This ranges from atmospheric dust samples over the 
Atlantic Ocean, down to seafloor sediments along the studied transect. Also, three 
different particle-size analysers are described here. These include the Coulter 
LS13 320, which uses the angle of light scattering as a measure for particle size; 
the Sympatec QicPic, which determines the size of individual particles from two-
dimensional particle contours based on image analysis; and the Coulter “Counter” 
Multisizer 3, which determines the volume of a particle suspended in an electrolyte 
that disturbs an electric field as it passes through an aperture between two electrodes. 

The particle-size results for the first year of dust sampling along the trans-Atlantic 
sediment-trap array are presented in Chapter 3 ‘Particle Size Traces Modern Saharan 
Dust Transport and Deposition Across the Equatorial North Atlantic’, along with 
seafloor surface sediments and the identification of giant (>75 µm) mineral dust 
particles as far west as 4,400 km from the west African coast. A clear decreasing 
particle size with increased distance from the source is observed, as the coarsest-
grained particles are deposited close to their source, and finer-grained particles 
can be transported over greater distances. In addition, distinct seasonal variations 
in particle size were observed, with coarser-grained dust deposited in summer, 
and finer-grained dust in winter and spring. This is attributed to atmospheric 
dust transport at different altitudes across the Atlantic Ocean during the different 
seasons, at high altitudes (up to 5–7 km) and high wind speed in summer within 
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the Saharan air layer (SAL), and lower altitudes (0–3 km) in winter with the 
Harmattan trade winds. We hypothesize that coarser-grained dust deposition 
may also be related to increased wet deposition by precipitation in summer, and 
more frequent dust storms emerging from the north-western African coast.

The different mechanisms of dust deposition, namely dry- and wet deposition, 
and their impacts on the bio-availability of carried nutrients, are discussed in 
Chapter 4 ‘Tropical Rains Control Saharan Dust Deposition and Bio-Availability 
of Nutrients’. This chapter first combines two years of sediment-trap deposition 
fluxes and dust collected at Barbados with model simulations and satellite 
observations. The sediment traps reveal highest deposition fluxes in summer, 
at the same time of increased precipitation at the sampling sites, indicating 
wet deposition of dust. In winter, both deposition fluxes and precipitation are 
low. These observations match well with the model simulations, that also show 
highest (wet) deposition fluxes in summer, and dry deposition only in winter, 
in low amounts. At Barbados, furthest downwind along the transect, dust 
concentrations peak prior to the onset of precipitation, implying that the dust 
reaching the Caribbean is the result of dust not washed out by rain during the trans-
Atlantic crossing. Therefore, we argue that North Atlantic precipitation controls 
airborne dust reaching Barbados. Furthermore, bottle incubation experiments 
demonstrate the release of nutrients from dust during atmospheric processing 
and wet deposition. This shows that wet deposition of dust likely has the largest 
marine-environmental effect by increasing nutrient availability (phosphorous, 
silicon, and iron), enhancing primary production and carbon sequestration.

A possible mechanism for the transport of giant (>75 µm) dust particles over 
thousands of kilometres across the Atlantic Ocean is presented in Chapter 5 ‘The 
Mysterious Long-Range Transport of Giant Mineral Dust Particles’. The traditional 
physical laws describing the settling speed of particles overestimates the settling 
for particles >20 µm, so that they are seemingly impossible to transport over long 
distances. However, with the evidence of giant mineral dust particles collected from 
the atmosphere with a passive dust sampler as far as 3,500 km from the west African 
coast, we investigated possible mechanisms enabling the long-range transport of 
these giant particles. First, the SAL, that transports dust at high altitudes and high 
wind speeds, is most likely a key aspect. Turbulence in this layer causes particles to 
continuously be recirculated, and high concentrations of dust particles allows for 
tribo-electrification, resulting from particles colliding. This electric charge is found 
to act as a force compensating a particle’s weight, keeping them aloft. This seems 
especially efficient for large quartz particles, which also happens to be the main 
mineralogy of the giant particles we find at the sampling locations. In summer, 
convection can play an additional role, as giant particles can be brought to high 
altitudes by large convective cells or tropical cyclones. The probability of such 
repeated uplift by convection was determined by calculating backward trajectories.
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Dust particle size and deposition flux in the sediment traps along the Atlantic 
transect of multiple years are presented in Chapter 6 ‘Seasonality in Saharan Dust 
Particle Characteristics Across the Atlantic Ocean: Transport Versus Deposition’, 
combined with two years of dust concentrations and particle size as sampled by 
two moored surface buoys and passive MWAC (Modified Wilson and Cooke) 
samplers. The data show a high similarity between the atmospheric dust and 
the deposited dust in the ocean, but also differences are observed between 
transported and deposited dust. The sediment traps collect dust deposited by 
both dry and wet deposition. Dust deposition fluxes are increased in summer, 
coinciding with large amounts of precipitation and thus wet dust deposition. 
The buoys collect transported (dry) dust only, and do not show increased dust 
concentrations in summer as the dust is transported at higher altitudes, outside 
the sampling range of the buoys. This implies that the large amounts of dust 
transported at high altitudes in summer, deposited by wet deposition, determines 
the seasonality of the deposition flux and particle size in the sediment traps.

Strontium, Neodymium and Hafnium isotopes, Rare Earth Elements (REE), and 
dust particle size for sediment-trap samples and shipboard-collected aerosols are 
described in Chapter 7 ‘North African Mineral Dust Across the Tropical Atlantic 
Ocean: Insights from Dust Particle Size, Radiogenic Sr-Nd-Hf Isotopes and Rare 
Earth Elements (REE)’. These results show no relation between Sr and Nd isotopic 
compositions and dust particle size. The good correlation between Hf isotopic 
composition and particle size is related to the “zircon effect”, as coarse-grained 
zircon minerals have low 176Hf/177Hf isotopic ratios. The differences in isotopic 
signatures between the different samples are attributed to the distance over 
which the dust has travelled and dust provenance. This in turn influences the 
mineralogy and particle size of the sampled dust. In addition, alternative sources of 
lithogenic particles to the western sediment trap are explored, and the influence of 
Amazon River-derived sediments is considered absent or negligible, based on the 
geochemical signature of Amazon Basin sediments and sediments from Amazon 
River tributaries. This confirms that the primary source of lithogenic particles in 
the sediment traps is of north African origin. The combined Sr and Nd isotopic 
signature indicates a source of the dust in the western region of northern Africa.

In Chapter 8 ‘Concluding Remarks’ I elaborate on possible future research related 
to this project, on additional analyses on existing samples and alterations to the 
sampling transect. I discuss the downwind evolution of particle size and particle 
flux with different seasons. In addition, I present preliminary results of particle-
size analysis of dust samples on Barbados, which can extend the current transect 
of sediment traps and dust-collecting buoys. Furthermore, I discuss the analysis of 
dust-particle shape and hypothesize on its possible outcome and importance, and 
how it would contribute to the characterization of mineral dust from source to sink.


