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1. Introduction

Mineral dust has major impacts on the planet and human life. For instance, mineral dust causes
asthma in the Caribbean (Gyan et al., 2005), fertilises thazdmrainforest (Yu et al., 2015) and
impacts climate through its effects on albedo (Slingo et al., 2006) and marine phytoplankton (Martin,

Mbpnod® Ly GKS YAR ynQas W2KyYy al NIAYy KeLR(iKSaAl SF

drivers of past anospheric Céefluctuations in glaciainterglacial cycles by supplying iron to oceanic
regions low in iron and high in nutrients (High Nitrate Low Chlorophyll regions (HNoE)
fertilisation has been most thoroughly studied in the strongly dliorited southern ocean (e.g. Blain
et al., 2007), but may also play a significant role in oceanic regions where iron is not the proximal
limiting nutrient. Suchindirect iron limitation was proposed for the oligotrophic eastern equatorial
Atlantic by Mills et a{2004). In contrast to the southern ocean, nitrogen is the proximal limiting
nutrient for the phytoplankton community in the oligotrophic eastern equatorial Atlantic (Moore et
al, 2008). The deficiency in nitrogen accentuates the importance of nitrogaiofixn this area. As
the tropical Atlantic receives a high input of mineral dust from the Sahara, iron limitation is least
likely to develop in these regions. Nevertheless, Mills et al (2004) performed bioassays and
fertilisation experiments in which thefound nitrogen fixation to be elimited by iron and
phosphorus, thus indicating the possibility of indirect iron limitation even in warsiving a
relativelyhigh flux ofiron. Suchtion limitation was als@hown to occur irthe northeast Atlantic
where dissolved iron is also relatively abundant (Blain et al., 2004).

The current studylescribessamples collected on a transegithin the oligotrophic Northern

Equatorial Atlantic (NEA). Due to low ambient nutrient concentrations irrelgien nutrients

supplied by Saharan dust may play a significant role. Saharan dust has been shown to supply the
major nutrients nitrogen, phosphorus and silicate as well as important trace metals that function as
essential cofactors in metalloenzymes, including irmanganese, zinc, copper, cobalt and nickel
(Formenti et al., 2003Sunda, 2013). Earlier dust fertilisation studies in the NEA performed bioassays
or fertilisation experiments (e.g. Mills et al., 2004). In doing so, they effectively identified limiting
nutrients and the fertilisingotential of dust, but their experiments lackelde many complexities
associated with natural dust seedings. An exception is the biannual study of Neuer et al. (2004) near
the Canary Islands, in which no correlation was fobetveen aerosol concentration and primary

nor export production. Howevethey made use ofmoored sediment traps at relatively large depths
(330-640m), whictmayhave ledto dispersionof the signal. Together with the collection intervals of
9.5-19 daysthese data had sufficient temporal resolution to show seasonal ossgasonal trends,

but may not have had sufficient resolution to identify biological responses to individual dust events,
which last only a few days to a week at a surface sampling st@®iwspero et al., 1987).

Like other dense materialsuchas diatom frustules or coccolithophorids, dust may form aggregates
with- or adhere to organic matter. As such, it may act as an anchor for organic matter, increasing its
settling velocity and thettey decreasing residence time in the water column during which the organic
matter could be respired. This process, which effectively transfesgdd@e deeper ocean, has been
termed the ballasting hypothesis (Bressac et al., 20W3gir study foundavidence for ballasting in

the Mediterranean Sea thrah artificial dust seedings.tfne lag of 23 dayswas observedbetween

the seeding and the biological response (the fertilising effect), whereas POC export immediately
increased due to the ballasting efteBallasting by Saharan dust in the NEA has been studied before.
By analysing marine snow and measuring its sinking velocity, direct evidence was found of Saharan
dust ballasting phytoplankton (Ploug et al., 2008). However, the interaction bettheatug events

and ballasting remained unclear.



Hypothetically, hllasting by Saharan dust depends on geire andts fertilisation potential

depends on thehemical composition and gragize.ln general, clays are the main source of

bioavailable iron becaesthey show high iron solubility and are abundant in Saharan dust (Journet et

al., 2008). Ideal graisize for ballasting has not been reported. From a conceptual perspective,

particles should have enough surplus density to act as an effective anchorvelpwery dense

particles may not allowufficienttime in the upper water columto form aggregates withor adhere

to OM. In general, Saharan dust is a mixture consisting mainly of quartz and clay particles. Due to
preferential deposition of quartz grasnrelative amounts of quartz decrease from ~20 to ~14 percent

during transport across the Atlantic (GlaccamdProspero, 1980). Grasize depends on lateral and

vertical transport distance from the source (TorRadron et al., 2002) and also shows s

fluctuations, with lower graisize in winter than in summeNguer et al. 1997; Skonieczny et al.,
2013.00SNJ GKS 't lFyiAadx G4KS T2yS 2F YIEAYdzY Rdzad G
GAYGSNI 02 9dunx b RdAzZNAYy3 &dzYYSNE I-#opigaODAl SR 6AGK
convergence zone (ITCZ) from the summer to winter monsoon seasariiihbal., 1997)Three

wind systems dominate dust lofting and transport in northwest Africa and transport dust from

separate source areas. In winter, northern coastal trades and (north)eastern Harmattan trades

dominate dust transport (Stuut et al., 2005).diimmer, Harmattan trades weaken and coastal

trades andwestward transport in the Saharan air layer dominate dust transport (Stuut et al., 2005).

The Saharan air layer overlies the trade winds layer causing an altitude shift of maximum dust

transport from 2 km in winter to 23 km in summer (Liu et al., 2008).

The current study aimed to improve knowledgefertilisation and ballasting by Saharan dust. The
research consisted of two main sections. First, it focussed on ballasting and fertilisation by a dust
event. Wo questions were central to this warkoes a dust event lead to increased production of
organic matter? Can we prowe disprovethe ballasting hypothesisnder natural dust seediryin

the secondsection Mauritanian dustvasstudied to investjate variability in dust flux and
characteristics that may influence its fertilisation and ballasting potential. Three questions were
central to this work: What are the seasonal trends in flux, chemical and physical characteristics of
low-level transportedSaharan dust? What may be the influence of these shifts in dust transport and
characteristics on phytoplankton production and ballasting? Can we define possible source areas of
the dust samples?

The first part of this research made usesofdrifting traps with traps afl00, 200 and 400 m depth
deployedon an east to west transect across the northern equatorial Atlantic. These traps gathered
settling organic matter with accompanying dust during and after a major dust event which lasted
from the 17"to the 15" of January. Carbon and nitrogen were measured as an indication of OM
content in the water column. To examine ballasting, three complementary indicators were used:
vertical trends in POC and PON flux, C/N ratio (Miller, 1977) and intact marindremogel traps
(McDonnell and Buesseler, 2010). The latter enabled us to shedgxtent of aggregation of the
organic matter The biological response was comparedh®timing and quantity of dust supplied
during the dust event, as sampled by two dsamplers on board research vessel (RV) the Pelagia
(bachelor project KtarinaWetterauer, 2015)Inthe second partcharacteristics of lovevel

transported Saharan dust were studied in monthly samples from two dusplsag masts in Iwik,
Mauritania(19°p 0 Q npQQ bX mMcod MTQ nnQQ 20 ®sigekad &l YLI Sa&
chemistryand providethe firstin-situ data of lowlevel dust propertiesnd flux.



2. Materialand Methods

2.1 Material
2.1a. Drifting traps samples
Sampling fresh maringenow using drifting traps

During cruisé4PE395 of the Royal Dutch Institute for Sea Reseach (N1OZ), drifting traps were
deployed for + 24 hours at station M1, M2, M4a , M4b, M5 and for 44 hours at statioaip@ridix
1, fig. 1) The main goal was to satedresh marine snow. In a strike of luck, a dust storm passed
during deploymentf M1 and to a lesser extent M2.
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Figure 1. Cruise track and drifting trap deployments of crutg®B395. Adapted fromgoogle earth(2015), imagery: SIO,
NOAA, U.S. navy, NGA, GEBCO image landsat.

The drifting traps sampled at three depths: 100, 200 and 4@figrB). Hereafter, the respective

traps will be referred td¢ & dmnetcetera Each level consisted of four Perspex tubes attached to

a mefal frame, numbered 1 to 4The traps were 1 m long with an inner diameter of 10.5 cm. Each

level contained three regular traps and one gel trap. This trap held a shorter Perspex tube, 5 cm deep
and with 9 cm inner diametervhich was filled with medical tissuelgwater, polyvinyl alcohol and
carbowax) icDonnell andBuesseler, 201dJig. 2) At station M3 and M4B no gebp was

deployed. The tubes e 8 L and were kept upright by a ballast weight in the bottom of the tube.

Before deployment, the traps werdléd with filtered seawater. Seawater from appropriate depths

gta GF1Sy FNRBY /¢5 RSLI28YSyidasz RA-NBt@difttedand A £ G S NE
densified using 1.225 g/L Borax. After station M3, Borax was replaced by sodium chlagaeli§,

the gel traps were also densified using Borax. Because the first gel had developed a white
impenetrable top layer during deployment, it was decided to replace borax by sodium chloride,

which greatly improvedhe performance of the gel.

Figure2. Clear gel trap



Once on deck, the tubes were left to settle for approximately 5 hours. Since we were only interested

in the settling fraction and not the stationary fraction, tubed &f each depth were emptied to

approximately 2 | after settling. Ssequently, they were filtered using a vacuum pump.

Material of tube 2 was used in the current studis tubewas filtered over a Whatman 47 mm &

glassfibre filter with approximately 0.4 ¥ YSaK aAi So ¢KSasS FA{tGSNA KI R
beforehand to remove organics. After filtering, they wereweapped in tinfoil and frozen at80

degrees to be analysed for C/N ratio and pigments back at NIOZ. The gel traps (tube 1) were emptied

to approximately 3L. Subsequently, the short Perspex tubes congpihe gels with trapped marine

snow were removed from the tube. The gels were stored?28t’C
(T,

i

35 kg

Figure3. Setup of the drifting trapsvith floatsand a radieand iridium beacon to aid retrieval. The picture shows one of
the drifting trap deploymentsluringcruise64PE395.

Sampling dust at high temporal resolution using dfaged dust samplers

Dust flux data used in the current study were prodd inanunpublishedbachelorresearchproject

of KatarinaWetterauer (2015)i A (i MigRlddst Samplesf the RV Pelagia Cruise 64PE33%0

SERRA typé&nderson high volumactive dust samplers were employed-board the shigfig. 4).

One was equipped with a 20.3 x 25.4 cm glass filieg (GFF, 41 @1 >0 | YR GKS 2 G KSNJ .
Hp®n OYXI ndn> OStfdzZ 2a4S T A pracSdidif the widdcafrie fratlthg S & (1 2 L
aft of the ship to prevent pollution with soot from the exhaust stadsing the dust event that

lasted fom the 11" to the 13" of Januarythe filters were swapped approximately every 5 hours
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during daytime and left overnight. After the dust event, sampling intensity decreased to
approximately daily.

Wind vane — linked to
the processor so that
the pumps are only
on when the wind is
coming from the
front of the ship
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under lid S The filter is mounted
(protection . under the lid, and can
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Air flow 1ab
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and processor gy *
} located in here \
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controls.pump
start/stop,
records time in
use and air
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Figure4. Highvolume Anderson dust collector on taf the bridge of Pelagia araldusty filter of the current cruise

(adaptedfrom Suut et al,, 2015.

2.1b.Mauritanian dust samples

The NIOZ dust sampling station in Iwik, Mauritania, is located at the tip of a spit in national park Banc

5 Q! NH dzA i6 fbcated afilp omd m M ccbr decwepQ2 YR Y &l H
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Each mast samples at 5 heights: 90, 140, 190, 240 and 290 cm. At each level, two Modified Wilson

And Cooke (MWAC) samplers are clamped into so¢kgt®). The MWAC samplirgpttles are 9.5

cm long with a diameter of 4.5 cm. Two glass tubes, 7.5 mm in diameter, lead air through the cap
into the bottle and then out again. The large volume of the bottle relative to the inlet diameter
causes dust to settle in the bottle. A windne is used to align the mast with the current wind

direction. The record has monthly resolution azwhtainsfour duplicate samples per height.

Samples used in the current studgnge fom the 27" of January, 2013 to the Sbf December,
2014. Samples eve switched around the Iseachmonth (appendix 2 In September 2013 the
bottles were not switched, hence these bottles contdmust from the 18 of August to the 1% of

October.
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Figure5. A. Bottles arebeingreplacedat one of the sampling nts. B. Drawing of the MWAC sampling bottle with sizes in
mm (Goossens and Offer, 2000).

2.2 Methods
2.2.1Drifting trap samples
POC, PON and C/N ratio from drifting traps

One quarter of each GF/F filter was cutdfng a cutting tool (figg) and refrazen in a glass tube at

20 degrees Celsius. The lid of the glass tube was replaced by a Kimtech precision wipe before freeze
drying. Samples were free-dried for at least 6 hours. Theyere treated with HCL to remove carbon

in the form of calcium carbonat First, freezalried filters were transferred to glass pettishes and

fumed with HCL overnight in a desiccator. Subsequently, they were packed in silver foil cups which
were left open at the top. To each silver cup 70 pl of HCL was added. They wdratdD degrees
Celsius for approximately one hour before the procedure was repeated. After four iterations they
were dried overnight and measured. Filter blanks were derived from quarters of a baked filter. They
were treated similar to the samples excdpt the freezedrying, which was skipped. The cups were
closed, compressed to a balhape and analysed for carbon and nitrogen usifigermo

Interscience Flash EA112 Seh&3 Analyser with a detection limit of 100 ppm and a precision of

0.3%. The anajs was based on the original flash combustion method of Verardo et al. (1990). C and
N were measured separately by a thermal conductivity sensor. The area under the peaks was
converted to mass of C and N present in the sample using known acetanilidarstand

(Thermoquest). Fluxes of C and N into the drifting trap were calculated as:

5
020

zT

Where F is the flux (mmol/m2/day) of N orMjs the amount of N or C on a quarter filter in mmol, A
is the crosssectional area of the tube (#hand t is tle duration of deployment (days). The flux was
corrected forthe fact that a quarter filter wassed in the analysis.

..’A ‘e

Figure 6. 1/8 cutting tool and Stanley knife used to split filter samples.



Gel trap photography

A camera mounted on a tripod was usedade pictures of the gel traps. The gels were placed on a
luminous plate andpproximatelyl3 overlapping pictures were shot. The camera was first focused

on the bottom of the gel, where the largest and densest particles were found. Gels that showed high
particle density at midlepth were also photographed with focus at rddpth. The photos were

stitched using the panoramstitchingprogramme Hugin.

2.2.2Mauritanian dust samples
Meteorological data for comparison to the Mauritanian dust samples

At the sampling location in Iwik, Mauritania, meteorological variables were measured using a Davis
Corporation Vantage Vue weather station. Precipitatio@asurements wereeemed unreliable

since only two precipitation events were recorded in the course of thiea2 sampling period.

Instead, rainfall was estimated using the dataset TRMM_3B42_daily v7 in Gio&iovdnni

[online], 2015) An area averaged time series was obtained for a 1x1 degree bounding box around
Iwik: 16.8° W to 15.8° W, 19.415° N to 20.4Mb Daily precipitation was averaged per sampling
month for convenient comparison to dust samples. Daily air parcel back trajectories ending at noon
were obtained from the National Oceanic and Atmospheric Administration HYSPLIT model, using the
reanalysig1948present) datasefair resources laboratory [online], 2015s a quality check of the
meteorological station at the sampling location and the backward trajectories, data were obtained
from the international airports of Nouakchott and Nouadhibou. Bkchottis located 200 krsouth

of lwik andNouadhiboul40 km northnorthwest of Iwik Unfortunately, e airport data lacked
precipitationmeasurementsin order to analyse the relationship between dust characteristics and
wind direction, wind direction &s averaged per sampling month. This was achieved by vector
addition of wind direction and wind speed. In vector addition, strong wind influences the average
direction more than weak wiid, which correctly represents that strong winds transport more dust on
average than do weak winds.

Dust flux

The dust samplewere weighed on a Mettleloledo AT261 Delta Range balance with a readability of
0.01 mg and a specified reproducibility of 0.015 mg. Each sampling bottle was perbydssattin
order to loosen dat from itssides The sample was transferred to a measuring cup and weighed.
Subsequently, it was stored for further analysis. Mean dust loading per sampling month was
estimatedas

0oy
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Where DL is the mean dust loading fng), MAR is the mass accumulation rate (g/s), v is the mean

wind speed per sampling month (m/s), A is the cresstional area of the inlet tube of the MWAC

sampler(M0 YR ' A& (GUKS SaidAyYl SR aheYiadietenoidheS T FA OA Sy C
MWACinlet was 7.5 mm. An efficiency of 90% was usedhe MWAC samplen accordance to a

study by Goossens and Offer (2000).

Grainsize analysis

A Beckmann Coulter laser particle sizer L32IBwas used to analyse graizedistributions From
four dupliate samples (two samples peeight, two masts) the sample with highest mass was
selected because it was presumedtt this sample had been collected with highest efficiefsee:



discussion). Before each run the measuring cell was filled with degassedtoateasure

background obscuration during 60 s. Scoops of dust were added to a 20 ml beaker until optimum
obscuration was reached (defined here a6 with a maximum of 20%). To reach optimum
obscuration small samples had to be used retji In thesecases, duplicate samplagere used for
subsequent chemical analgs Approximately 15 ml of degassed water and 3 drops of sodium
pyrophosphate were added. The contents of the beaker were stirred for 10 s. Part of the mixture was
added to the cell until itvas filled completely. The cell was immediately placed in the particle sizer. A
stirring magnet in the cell was set at an optimum pace at which partieleginedin suspension but

no air bubblesvere created. The runtime was 90 seconds and offset andrakgt were corrected

every 60 min. At least three runs were performed. More runs were perforinadignificant change

in grainsize distribution was observed between run two and three. The first run was selected (if of
good quality) to include dust aggyates.

EDXRF

Chemistry was determined qualitatively by energy dispersiva@yXluorescence (ERRF) using an
AVAATECH XRF core scanner. Special measuring cups had to be developed to deal with the small
samples. After testing different plastics we settlfor clean, painfree poly-ethylene cups with a

circular recess of 6 mm diameter and 1 mm or 2.5 mm depth. A thin plastic film for XRF (thickness 4,
SPEX SamplePrep) vdacedover the cylinder using a plastic ring. Samples were placed at 5 cm
intervds in a sampleup holder fig. 8). A short test waperformedto obtain a current at which

acceptable dead times were reached (between approximately 15 and 30%). Different live times were
tested for 10, 30 and 50 Kv. It was found that respectively 2andi8B0 s live tim@roduced

sufficient counts aticceptable measurement duratioriBhe 4it size was set at 4x4 mm. The settings

used in the measurements astownin table 1.

Table 1. Final XRF settings.

Voltage 10 Kv 30 Kv 50 Kv
Live time 20s 40 s 80s
Current 1500 pA 1300 pA 800 pA
Dead time 18 % 27 % 26 %
Filter - Palladium-thin Cu
Y-axis alignment +2 mm +2 mm +2 mm
Slit size 4x4 mm 4x4 mm 4x4 mm

The cups were tested against regular tablet stand&ARM (NIM-N Norite Mintek), MESS 3
(Beaufort Sea. Produced by the national research council of Caaad®dACS (arbour of

Esquimalt Canadg (fig. 7). Produced by the national research council of Canada 1 mm cups
showed slightly more deviation from the tablet standards compare2.fomm cups. However, the
deviation is negligible compared to the differences between standards. It was decided to use the 1
mm cups because they provide the opportunity to meassmall samples and henceonths with

low dust flux. Due to shallowness tiet recess, measurements of heavy elements at 5Sth&y have
penetrated through the sample into the measuring cylinder. Was not problematic since the
paint-free polyethylenedid not containmeasurable amounts of the elements we were interested in



However, itmay have loweredhe counts of theneavy elements somewhaglative to counts of
lighter elements
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Figure 7. Example of observed differences in the standards SARM 4, MESS 3 and PACS 2 between tablet standards (positions
50-150 mm), 2.5 mm deep cylindrical cups (ZBD mm) and 1 mm deep cylindrical cups (&50 mm).

The dust was tested for matrix effectglatrix effects are caused mpn-uniform grainsize leading

to overestimation of some elements and underestimatairothers.The effects are largest whehe
chemial composition of fine grains diffefiom that of coarse grainand mayinfluence element
counts and elemermat ratios. Ground dust was compared to unground dust to test for these effects
(fig. 8). Approxmately 40 mg of dust was ground in a mortar.

Figure8. Setup of XRF samples during the matrix effect tests.

Clear grairsize effects could be discerned, as showfigare 9A. Ground samples shad lower
aluminium over silicon ratios, correspondingth® aforementioned matrix effecpenetration depth

at 10 Kv is very small, hence large quartz grains (Swa)only partly masured whereas clays (Al
rich) wee fully penetrated. To ensure valid inteomparison between sampling months it was
decidedto grind all samples. This study aimedajualitative comparison of chemistry between
sampling months. Therefore the strongest quality requirement was small variability within a sample
(when remeasured or duplicated) compared to the overall variabbiggween sampling months. Re
measurements of both samples and standards showdg slight deviationgfig. 9B&D). Duplicates
samples were producei test for measurement errorthat originate from thesample preparation.
Results for aluminium over silio@re shown ifigure 9C. Duplcate measurementshowed
consistentlylower Al/Si ratios compared to original samples. This was probably caused by another
matrix effect: the first samples were pressed into the recess less firmly than subsequent samples.
Herce, the duplicates of the first samples were used in the anadyslsall subsequent samples were
pressed firmly into the recess. For each sample, 50 mg of dust was used. Even at maximum
inconsistency of sample preparation that occurred during preparatgidhe first few samples, the

9



general pattern in Al/Si was preserved (8G). The sampling period OctobBlovember 2014 was
not measured because the amount of dust was insufficient.
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Figure 9. Logarithmic Al/Siatios. Error bars show relative standard deviation as measured by five iterations of the
measurement. A: Matrix effects occur in unground samples, as shown by the large difference between unground and
ground samples compared to month to month variabilBy. Remeasurements of samples in different runs produce nearly
identical results. C: Duplicate samples show the same pattern as the original samples, albeit with systematically lower
log(Al/Si) ratio (probably due to matrix effect, see text). D: Low enn®AC 2 standard measurexfive different runs.

High magnification imagery using a scanning electron microscope (SEM) and determination of the
chemistry of individual particles using enedigpersive Xay spectroscopy (EDS) capabilities of the
SEM.

A Hitachi 3000 SEM/EDS was used for determination of the chemistry of individual particles as well as
for visual inspection of the samplesRay spectra were obtained at an accelerating voltage of 15 kV
and an acquisition time of 60 seconds. Samples wgrek on an aluminium sampling stub using
doublesided carbon tapeAreas densely packed with grainwsre identified at 30 x magnification. In

such a dense area, a random point was chosen as the centre of a 420 by 280 p frame (magnification:
400x). All grims that were at least halfway in the frame were measured with EDS point scans using
Oxford SwiftED 3000 software. At least three frames were analysed per sample. A separate analysis
of the fine (<20 p) fraction of AuguSteptember 2014 was done at higheagnification: once at

3000x and twice at 6000x. The number of grains analysed per frame ranged between 30 (filament
was damaged halfway through the run so the measurement was stopped) and 165. The following
elements were included in the SEM spectrum moélabr, sodium, magnesium, aluminium, silicon,
phosphorus, sulphur, potassium, calcium, titanium and iron. Carbon and nitrogen were not included
because they mainly ocaed in the background (especially carbon due to the carbon tape) and in

map views naarbonaceous particles were found. Fluor was included to distinguish micas with their
characteristic (F, OH) group. Counts of included elements were converted to elemental percentages
relative to the total of all included elements. Thisabledcomparisorto mineral elemental

formulas Based on the chemical composition of major minerals in the Sahara (Moreno et al., 2006),
a method was developed to assign particles to classes consisting of groups of minerals that are
distinguishable by high counts of certalements. The assignment protocol was based on the
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methodology of Deboudt et al. (2010) but criteria used in the current study ddfgreatly from

theirs because Deboudt et al. included carbon and nitrogeeording taVlorenoet al. (2006) the
most canmon Saharan minerals are silicates (quartz and diatoms), aluminous clay minerals (kaolinite
and illite-sericite) ancaluminoussilicates (feldspars and dioctahedral smectitic clays). Elemental
composition and characteristics of these and other mineraégiis the current study are shown in

table 2

Table 2. Some common minerals and characteristics of their elemental formulas used in the particle assignment protocol.

Note that the percentages depend on which elements were included in the SEM spectrueh Poe quartz, for example,
should show 100 percent Si because oxygen was not included in the model.

Quartz Sio4

Orthoclase  KAISIOs

Albite NaAISiOs

Kaolinite ALSpOs(OH)

Ilite (Al,Mg,FexSi,AO1[(OH},(HO)]

Biotite K(Mg,Fe)3(AISi3010)(F,0H)2
Muscovite KAR(AISIOw)(F,OH)

Calcite CaCo

Gypsum CaS®2H0

Dolomite CaMg(Ce).

Mafic clays, (Mg,Al»SkOi(OH)-4(kD)
shown:
Palygorskite

Iron oxide, Fe,Os
shown:
Hematite

Sodium NacCl
chloride

Si: 100%
Si/Al =3
Si/Al =3
SilAl =1
Si/Al =
2/3

SiIIAI=3 F:15%
SilAl=1 F:22%
Ca: 100%
Ca/S=1

Ca/Mg =
1

SilAl =1

Fe: 100%

Na: 100%

(Si+Al): 31%

In the assignment protocol dilution of the chemis&nature of a grain by surrounding grains was
accounted for by lowering the boundaries compared to actual chemical formulas. Grains were
assigned using AND OR and IF statements in 2@t8I (table3). In the silicate criterion, the Si eut

offpointwas G t2¢ (2 |tf2¢

F2N) a2YS ANRBY ONMYzalAy3

Iron crustingoresumably haa large influence due to the shallow penetration depth of the SEM,
which is in the order of a few um. The 0.4 Si/Atafitpoint for alluminodicates was based on the
lowest Si/Al ratio occurring in common alluminosilicates (2/3, illite). The 15 Hffgpoint was based
on the lowest elemental percentage of ASi in the elemental composition of biotite (31%) and
allows for some crustingon® LJ- NI A Of S 4 A (K2 dzi

Y2@AYy3A AlG- (2

11

g A

al Yo


http://nl.wikipedia.org/wiki/Orthoklaas

bearing alluminosilicates are illite (Fe/Si = 0.5) and biotite (Fe/Si = 1). Hence the cfiderron-
bearing alluminosilicat&/as set at Fe/Si >= 0.3. Remaining particles were movedtktolass
Gl YOATdz2dza ¢ o

Table 3. Particle assignment protocol.

Group Criterion Subgroup/mineral  Criterion
Division 1
Iron oxide Fe > 50%

Sodium chloride Na/Si >= 1 AND Na > 40¢

Mica F >=5% AND Si >= 15%
Carbonate Ca/Si> 1 AND Ca+Mg > Gypsum Ca+Mg+S > 50% ANLC
30% @R Ca+Mg+S > 50% S/Ca>0.3
Dolomite Mg+Ca > 30% AND
S/Ca < 0.3 AND Mg/C
>0.3
Calcites Remaining carbonates
Division 2
Silicate Si/Al >=5 AND Si > 40 %
Alluminosilicate Si/AL >= 0.4 AND Si/Al <! Iron bearing Fel/Si>=0.3

AND AI+Si > 15%

Nor+iron bearing ~ Remaining
alluminosilicates

Ambiguous non-assigned particles

Statistical analysis of results of the Mauritanian dust samples

Several characteristics of the Mauritanian dust were tested for correlation to onekegical

variables and/or other dust characteristics. Correlations were produced using the rcorr function in
the statistical computing programme Rstudio (2DMhere linear relationships we expectedfor
instancebetween grairsize and chemistry, Pearz y Q& O 2 NdaSusdd.{if indngtoné,Nbn
linear relationships were expectestich adetween precipitation and chemistry of the dust,

{ LIS NXI YyQa @asnded Rdsultsiving deéned significant fealpies lower than 0.05
and highly ginificant for pvalues lower than 0.01.
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3. Results

3.1. Drifting-trap samples
3.1a.POC, PON and C/N ratios

Particulate organic carbon (POC) and particulate organic nitrogen (PON) settling fluxes at 100, 200
and 400 m depth of the 5 sampling locatidongether with linear fits are shown iigure 10 and
numericallyin table4. Forgeographical coordinates of the sampling statisee gpendix1. In the
following one should bear in mind that the statiowere located on an eastest transect at 12°

north, M1 being the most eastern and M5 the most western station. M2, howevas,situatedL3°
npQ \appheXinkatelithe same longitude as M&/N analysis was performed twice on the

samples of station M3 and M4a because of unexpect@domes (fig10); (see:discussioh Except if
noted, only the duplicate measurements of M3 and M4a are considered in the following section.
Accordinglytable 4 only shows the duplicate measurements.

All stations showed attenuation dfie POC and PON flux with depth (fi§); (table 4) Therelative
attenuationas shown in table 4 was calculated per 100 m and relative to the flux at 200 m depth. For

example, the relative attenuation between 200 and 400 m-s——2 p 1t twhere f is the carbon

flux and the factor 2 is to correct for the 200 m descdiitis attenuation displagd a longitudinal
trend: it was significantly stronger at M1, whetiee PO(flux decrease at 27 percentper 100 m

from 100 to 400 m depthAttenuation rate decreasedestward andvasonly 15 percenper 100 m
from 100 to 400 mat M5. Nitrogen showedsimilar diminution between 27 (M1) and 17 percent
(M5). Addition information can be gained ifedook in more detail at th degradation pattern with
depth. At 106200m depth, M1 showedeaker attenuation tha M2, M3 and M4 whereas M5
showedno attenuation. From 20400 m depth degradation contindeunabated at M1 and
increasel spectacularly at M5, in marked contrast to a d=ase in degradation rates at M2, M3 and
M4 (fig. 10). Focussing on thmitial flux at 100 m depth, a similar trend appeared: the fluxswa
significantly higher at M1, diminisbdevestward but increased again at M5.

Table 4. Carbon and nitrogen fluxes atefjradation rates at all stations.

Station M1 M2 | M3* | M4a* | M4b | M5

C at 100 m (mmol/m2/day) 10.29| 6.86|3.61| 3.31|3.23|5.45
N at 100 m (mmol/m2/day) 1.28| 1.09/0.53| 0.59|0.51]0.80
Molar C/N at 100 m 8.05| 6.30|6.85| 5.64|6.35|6.80
Attenuation of C flux per 100m: 100-200 m (%) 30 46| 36 30| 43 -3
Attenuation of C flux per 100m: 200-400 m (%) 26 13| 16 11 6| 24
Attenuation of C flux per 100m: 100-400 m (%) 27 24| 22 18| 18| 15
Attenuation of N flux per 100m: 100-200 m (%) 30| 61| 35 37| 45 2
Attenuation of N flux per 100m: 200-400 m (%) 26 10| 16 6 7| 25
Attenuation of N flux per 100m: 100-400 m (%) 27 27| 23 16| 20| 17

*Note that the duplicate measurement of M3 and M4a atewn Flux attenuation is expressed as the percentage of
attenuation relative to the flux at 100 depth.

The error between the actual settling flux of POC and PON in the ocean and the flux measured by the
drifting traps isunknown. However, the double deployment at M4 prowvides with a rough

indication of the error during sampling and measuremehthe samples. Two drifting traps (M4a

and b) were deployed at almost exactly the same location albeit with one day in between. POC
deviated by 2 (100 m) to 16 (200m) percent. PON deviated by 10 (100 m) to 26 (400 m) (feycent

10). In comparison to tis total error, the reported precien of the C/N analysis (0.3%) svaegligible
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(Sharyn Ossebaar, persowammunication, June 16, 2015).
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Figurel0. Carbon (C) and nitrogen (N) flux per station with linear fit. Duplicate measurewiekt3 and M4a are shown in
red. Note departure from a linear trend at M3 and extremely high amounts of carbon and nitrogen at 100 and 400 m at
station M4a(note breakaxes M4a)Error bars were obtained from the difference between M4a and M4b.

Remarkablythe longitudinal trend in C/N ratio @00 m depthcorresponds to the @ux: C/N ratios

were significantly higher at station M1 (8.05), decrethsgestward to a minimum at station M4
(average 6.00) and increasat stationM5 (table4). In comparison, thevidely used Redfield ratio of
C/N = 106:16 corresponds to a C/N ratio of 6.625%ifiekel, 1958) and the averagelCfatio of

particulate organic mattein the ocearnwas estimated at7.4 (Geider and la Roche, 200R2@th these
values fall between the maximm and minimum observedt 100 min the current studyC/N trends

with depth are particularly important in the current research because they pnayide a qualitative
indicaton ofthe amount of degradation betweesampling depths and hengeovidea clueon

settling velocity of organimatter. Figurell showsC/N ratios of the 5 sampling stations and the
duplicate measurements at 100, 200 and 400Amain, the dilerencebetween M4a and b was used

as an indication of erroAt M3, the original measuremeishowed an odd pattern with depth with

an extremely high C/N at 400 m (more than twice the Redfield ratio) whereas the second
measurement shoed a pattern which resembleithe patternobserved at the other stations. M4a

was also rameasured, resulting in theame pattern as the first measurement and as M4b. Since the
secondary C/N analyses presented more credible results both in the C/N analysis (M3) and the C and
N flux (M3 and M4a), only the duplicate measurements were considered.

The smallest increase wabserved at station M1 and M3, 0.8 and 1.9 units respectively. An increase
of this size likely does not exaa the error in this methodologyM?2 showed a strong increase in C/N
ratio between 100 and 200 m and an intermediate increase from 200 to 4004i.and M5 showed
intermediate increasérom 100 to 400 mThe fact that the same pattern was observed in
measurement 1 and 2 of M4a lends credibility to the observed decrease in C/N ratio from 200 to 400
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m. Since M4a and M4b were deployed at the same locatn average of these two stations is
interesting (fig. 11). The average shows only a small increase in C/N ratio from 100 to 200 m and a
slight decrease from 200 to 400 m.

14 ® M1 1: trap at 100 m depth
-1 @ M2 2: trap at 200 m depth
@® M3 4: trap at 400 m depth :t
12 — @ Mda
| © M4b
@® M5
=z 10 — © M3 duplicate
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~ - @ M4ag&b P
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Figure 1. C/N ratios of the filtered material. Labels shdwe ddepth divided by 100 m. Duplicate measurements are shown
in light green (M4a) and light orange (M3). Note the minimal change with depth at station M1 and the major difference
between M3 and its duplicate measuremeBitror bars are based on the averagjference between the M4a
measurements (100, 200 and 400 m) and their duplicate measurements.

3.1b. Gel traps

Gel traps were deployed at station M1, M2, M4a and & convenience, M4shdl be referred to

as M4 in this sectiorRictures of the gel tyas are shown iappendix4. M1 100 and M1 200
developed an impenetrable layer during deployment and thus could not be used. M1 400 was
reasonablyclear and particles had penetrated into the gethe depth to which particles penetrated
the gel is presumabljnked to their density andettling velocity.Under the camera and with the
naked eye it was clear that larger marine snow sank deeper into the gel than smaller flocks. Apart
from larger marine snow, zooplankton, shells, faecal pellets and foramihiésta also penetrated

to the bottom of the gel. First, differences between the sampling stataresliscussed based on the
gels from 400m depth because thiss the only gel available from M1. M1 and M5 conelmost
material. It wa, however, difficulto tell which of the two containechore OM beause the type of
particles was very different. M2 contained less material and M4 contamegdlittle material. fiere
were afew groups of particles that coulak distinguished on the pictures and madip thebulk of

the material: marine snow, faecal pellets, zooplankton and foraminifiggal2). A small number of
shells wa observedmeasuring up to 1 mrfig. 12E). The larger marine snow measured up to 3 mm
(fig. 12A&B). Faecal pelletarererelative long, p to 4 mm(fig. 122) The larger zooplankton was 2 to
6 mm long(fig. 1F) The larger foraminifera were around 1 mm in diamefay. 1D).
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Figire 12. A Yellowish green large marine snow, + 3mm diameter: M5 4@iDark greerbrown marine snow, = 2.5 mm
wide: M2 100. CElongate faeal pellet, £ 1.5 mm: M2 100m. Boramirfiera, = 1 mm diameter: M2 100. Enailike shell
+ 1 mm diameter: M4 100m. Eooplankton £ 6mm: M2 100m.

First, marine snow will be discussed. Marine sneag most abundant at M5 followed by M1, then
M2 whereas M4 contaied very little marine snow(table 5) There wee differences in the size of
marine snowAt M1 and M2the larger fraction ofnarine snowmainly ranged between 1 arRimm.
At M4 marine snow W&ot larger than 1 mm. M5 shosd marine snow up to 3 mm. There sva
strong difference in the appearance of marine snow between M5 and tiherdraps. At M5, marine
snow was lighter coloured and green to yellesh green. At M1, M2 and M4 it waa darker shde of
greenbrown of dark browr(fig. 12B. M2 containedthe highest amount of faecal pellets, followed
by M1 (table 5) M4 contaired only afew faecal pellets but they madgp a significant fraction of the
material. M5 contaied almost no faecal pelletZooplankton and foraminifera will be discussed for
the 100 m traps because theyere far more abundant in these traps. Zooplankton was most
abundant in the gel of M4, followed by Miable 5) M1 and M5 did not contain zooplankton large
enough to be idenfied from the picturesM2 containedabundantforaminiferain the 100 m trap
Only a few were found in the gel of M5 and none in the other gels.

The vertical trend can be discussed for stations M2,and M5(table 5)but not M1 because only
one gelof this deploymentM1 400, was clear enough to be used in the analy$ie amount of
marine snow declinedith depthat station M2 andVi4. In contrast, M5 400 containedore marine
snow than M5 100. Faecal pellets were only abundant enough at M2 to estinvateieal trend.
Ther numberremainedrelatively constant with depth-or all traps where zooplankton was
observed (M2, M the number of zooplanktodeclined with depthThe number of foraminifera at
M2 decreased sharply with depth and they were almaissent at 400 m.
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Table 5. The longitudinal and vertical trends in abundance of marine snow, faecal pellets, zooplankton and foraminifera.
The relative abundanc@ongitudinal trend: as compared to the other stations, vertical trend: as comparetketother
depths)of a certain type of particlevas expressed qualitatively :aabundant (+++)average(++),below averagg+), low
abundance+) and not observed (0). Note that particles too small to be identified on the pictures were not included. The
longitudinal trendwas based on the 400 m traps except where noted (shaded odlterved at 100 n

Marine snow Faecal pellets Zooplankton Foraminifera
ML | M2 |[M4 | M5 [M1| M2 [ M4 | M5 | M1 | M2 | M4 | M5 | M1 | M2 | M4 | M5
Longitudinal | ++ | + - tH+| | |+ - 0 ++ | +++| 0 0 +++| 0 -
trend
Vertical o+ | | ++ |+ +++
trend:
100 m
200 m ++ | ++ | + ++ ++ | ++ +
400 m + + +++ ++ + + -

3.2. Mauritanian dust samples
3.2a. Meteorological background situation

Data from the Davis meteorological statiahour sampling location shayd a distinct yearly wind
speed pattern with maxima around spring to early sumnfigr {3A). Wind roses for each sampling
month are showrin appendix7. Average wind direction showetbrtherly to northwesterly winds
throughou most of the yearwith the exception of the winters of 2013 and 2015, which sedan
increase in easterlyinds fig. 130). Months with eastern windslisplayedsignificantly lower average

wind speeds g=0.475, p< 0.05) (fig 130). Indeed only 31%of easternwinds blav faster than 5 m/s,
compared to 59% of northern and western win@atellite estimated rainfall display@donounced
peaks in latesummer due to summemonsoonakainfall (fig 13D). The peaks are concurreniith
temperature maxima (figl3B).

Daily backward trajectories were calculated for 284 (appendix). Although only two years
were analysed, a seasonal pattern appeairethe lower tropospheric wind directior-rom mid
March to midOctober solelfNNW to NNE coastal and westdrade winds wee observed. Starting
from mid-October, (northeastern Harmattan winds ocad alongside the coastalind western
trades {ig. 14A). Around the turn of the year hese windsven became dominant in the backward
trajectories buttheir occurencedecreasd againtowards springSummer trajectories at 10 and
5000 m above ground level (AGL) skeooastaland westerrtrade winds in the lower troposphere
and eastern winds in the SAig( 14B&QO).
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Figure 13. A.Hourly wind sed plotted with a local regressi@moothing function in the programme Rstud®. Hourly
temperature (C°). C. Vector averaged wind direction per sampling month and a logarithmic ratio of the number of coastal
and westerrtrade trajectories (northern or wstern) divided by the number of Harmattan trajectoriésofth)-eastern) D.

Monthly averaged daily precipitation from Giovanni 4 (NASA), using the dataset TRMM_3B42_daily v7. E. Sampling month
averaged wind speed plotted against wind direction with linfear
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Figure 14. Each picture shows twelve backward trajectories of consecutive @agh coloured line represents oseich
backward trajectory starting at nooGeographical coordinates aie degrees east and degrees north. Dailybackvard
trajectories from 20/01/2013 to 01/02/2013, starting at 10ahove ground level (AGLBoth dominant wind directions in
the lower atmosphereccurredduring this period. BDaily backward trajectories from 30/06/2013 to 12/07/2013, 10 m
AGL. Thestrajectories only shoed coastal trade wind trajectorie€.Daily backwardrajectories from 5000 m AGkoim
30/06/2013 to 12/07/2013showing predominantly eastern winds in the Saharan air layer.
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3.2b. Dust flux

Some bottles were removed from the agsis based on a strong deviation from the average weight
in a sampling month. Bottle 1_1B (mast 1, 90 cm, bottle B) of Octdbeember 2010 was empty.
Bottle 1 3B of Januaifyebruary 2013 was broken. Bottle 1_5B of J0nly 2013 was removed
because it wighed only 1 mg compared to weights between 15 and 50 mg in the other bottles.
Similarly, 1_4A of Jukugust 2013 was removed because its mass was 17 times smaller than that of
the second lightest bottlef that month Figurel5 shows thedustmass flux a recorded by the
MWAC sampler in Mauritania. The average nddbe four bottles per sampling periquer

sampling height is shown in appen@iMass flux correlatethighly significantly to wind speed; &
0.705,p < 0.01). Marcthpril 2013 displayedignificantly higher mass flux at 500 g/iaay. In

general, highest masgasobserved in spring of 2013 and midnter to early summer of 2014. July
August 2013 also shad high massThe mean dust loading per sampling month showed a very
similar patterndespite the influence of wind speed. The two spring maxima displayed monthly
averaged dust concentrations of 237 and 170 ptpespectively. The two fall minima amounted to 6
and 2 pg/ni respectively.

160 —
140 —
120 —

100 —

Dust flux (g/m2/day)
8
I

40 —
20 —
O_
Qs =5 > c 5 85 = O Q=5 5 >c 5 28 > oW,
memjggoom:m“Qms.—?ggoowﬁ
L=< s 572 Q Zzoouwu=I<sm 72 g O =2 A o
ozt 52 © Z2YcagtssLt9 g% 32d
S0 g 8~53 3 KR 2 £ a0 S 85 320 8 2 ¢
Pl = < S F’<Ozg'ﬁu§<§ r_7’<:):5(/)Ozg
&) &)
o @
[m) (@)

Figure 15. Average dailynass fluxof sampling heights 190, 240 and 290 (3t bottles)with relative standard deviation.
The lower two sampling heights were not included (see: discussion).
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3.2c.Grainsize

The size distributions of the Mauritanian dust displayed a peetveen38andc ¢ >Y® DSy SNI f €
peak was narrow and the distributions were negatively sk@gwith a long tail on the fingrained

AARS 2F G(KSANI RAAGNROdzIAZ2Y OF LIISYRAE p0od {2YS RA
Good examples are NemberDecember2013 and ApriMay 2014(appendix5). It is notable that

none of the sampling periodshowsthe coarse shoulder in all of its distributior&me periods
displaed(signsof) @ A Y2 Rl f RAAGNAROdziA2Yy > 6A0GK | &aSO2YyRI NE
August-September 2014nd to a lesser extent Octob&tovember 2013, Mayune 2014 and July

August 2014appendix 5)Intwo samples, ©tober-November 2013, 240 cm and Augi&ptembey

240 cm this was the primary peakn some cases there watrong dissimalrity betweenthe

different sampling heights within a sampling period, most notabkugustOctober 2013, October

November 2013, Mayune 2014, Novembddecember 2014 and December 20J4nuary 2019n

the aforementioned periods, samples from lower Hegyare invariably coarser than the higher

samples (appendix Srigure 16 showsaveragemedian and modagjrainsize ofthe sampling heights

190, 240 and 290 cm. 90 and 140 cm were removed from all analyses due to deviating characteristics

of this dust (se discussion)The dust displayethedian grairsize between 13 and 58 pi.few

periods showed distinctly lower grasize, notably AugusDctober and Novembebecember 2013

and MayJune and Augus$eptember 2014. The average nmugrainsize of these maihs was 25

pum, in stark contrast to the average of 41 um of the remaining tm&nAugustSeptember 2014

displayedan exceptionally lowmediansize of 15 um. During most of tihecord, median graisize

ranged betweer86 and 45 um. A drop in median and mbdeainsize in the months August

November 2013 1ad AugustOctober 2014 capccurredwith increased precipitation. In contrast, the
fine-grained dust in Maydune 2014 didot coincide with substantial precipitation. Mean, modal and

median grairsize all diplayed negative correlation with precipitation, but only modal graine

correlated significantly at$=-0.43 (p< 0.05)Wind speed and wind direction ditbt show

significant correlation with graisize.
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Figire 16. Median grairsiz (um) per sampling month. Bottles at 90 and 140 cm have been left out. Error bars depict
relative standard deviation. Average daily precipitation and wind speed wibad tegressiosmoothing line were added.
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3.2d. Chenical analyses

This section showthe elemental composition of lowevel transported Saharan mineral dust. Two
complementary methods, ERRF and SERDS, were used to determine chemistry of all samples
and an estimate of mineralogical composition respectively.

EDXRF

Results from EIXXRF measureemts were plotted as log (element A/element B). Using log ratios, an
n-fold change in element A results in the same magnitude of change of the log ratio &sldn n
change in element B, independent of the abundance of A relative moaBing them bettersited for
evaluation of the chemistry of the samples than regular ratiRisk Hennekam, personal
communication, 15-2015) The two major elements Si and Al were plotted as an initial indication of
variability in elemental composition of the dust. Presuolyaaluminium wa enriched in the fine
fraction relative to silicon. Suchcarrelationwas observed in the majority of the record except
JanuaryFebruary, OctobeNovember and Novembddecember of 20130nly modal grairsize
correlated gynificantly to ASi (r=-0.50,p <0.05), whereas mean and median grsiire did not

correlate significantly (fig. 17).
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Fgure 17. The relationship between grain size variables anadibigmic alumium/silicon ratio with linear fits.

Elements of interst were plotted both as x/Si and x/Al ratios; x being the studied element. The
amount of dust in OctobeNovember was insufficient for XRF measurement. Bottles at 90 and 140
cm were removed from the analysis due to deviating characteristics of this égstiscussion). The
240 cm sample of Junkuly 2014 was removed because it showed extremely high counts for several
elements, especially zinc (ihesthe average) and copper (thrice the averaff@). 19). The

important trace metal nutrients iron, mangase, zinccopper and nickgFormenti et al., 2003;
Sunda, 2013) were measured. Cobalt was not included in the XRF spectrum analysis because it
overlapedwith iron. Themeasuredrace metal nutrients are shown in fige 19. Copper and zinc
ratios of theomitted sample are also shown. Observed patterns will be descfdikdving the order

of the graphs from the bottom up. Iron ratios traakAl/Siratio very consistently and displayed
pronounced peaks iMay-June and August September 20T4hese peaks we also observed in the
other trace metal nutrientsFurthermore, iron ratios showealbroad, unpronounced peak around
late summer and fall of 2013 similar to Al/Shother characteristic feature vgahigher

concentrations in Januaffyebruary 2013 and Degwer-January 2014015.Nickel didnot show

clear resemblance to other trace metal nutrients and &tthe pronounced Augusbeptember 2014
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peak. Thestrong lows at the beginning arehd of our measurement period we similar to those
observed in calciumatios (fg. 21). Manganese ratios we similar to iron, but variability between
measurementsvas large and hence the timing of the psakasinconclusive The copper pattern
was relativelysimilar to that of iron and displayesh additional peak in JanuaFebruary 2014,
which also occuedin Ni/Al and to a lessexxtent in iron. Zinshowedsimilartrends but an
additional peak wa observed in December 20January 2014. In shomost trace metal nutrients
displayeda pronounced peak in Majune and Augst-September 2014 and a less pronouncst
around late summer and fall of 2013he peak of Mayjune 2014 only correspoadto low grainsize
whereaslate summer and fall of 2013 and Augi&tptember of 2014 coincidevith low grainsize
andhigh sitellite-estimated precipitation. Twai A f SR t S NB 2y QaedaddiaBt | A2 Y
between several trace metal ratios and graire. Of the different graigize characteristicshe
median correlatestrongest to the ratiosSignificant correlations arshown in table @&nd an
example is shown ifigure 18.

Table 6. Significanp0.05)and highly significant (p < 0.0d9rrelations between median grain size and several trace
metals. Note that negative correlation coefficients imply increasing ratids decreasing median grain size.

, , 1.28 — — 0.28
Ratio | Correlation p-value i i
coefficient (r) N
with median 1.26 — © L] ® — 0.24
grain size .
- 1.24 — 0.2
Fe/Si | -0.57 <0.01 = =
< 7 )
Fe/Al | -0.63 <0.01 g 122 — 0.16 &
[«)) i o
Mn/Si | -0.48 <0.05 2 2
1.2 — 0.12
Zn/Si -0.46 <0.05 -
Cu/Si | -0.58 <0.01 1.18 — 0.08
Cu/Al | -0.51 <0.05 1.16 : I : I : I : 0.04
Ni/Si -0.46 <0.05 10 20 30 40 50
Median grain size (um)

Figurel8. The relationship of logarithmic iron over aluminium and iron over silicon ratios with median grain size is clearly
negative.

Al/Si was gredictor of trace netal content as welllt showedsignificant correlations with: Fe/Si,
FdAl, Mn/Si, Zn/Si and Cu/Si. There sestrongcovariancebetween the trace metals. Therm
GO2y @AY OAY 3 s Gs2d\ib®B Whenbati tifes/Ald@nd x/Si ratio of an element corrdlate
significantly to bottthe x/Al and x/Si ratiof the other elemat. This wasloneto ensure that
covariance was not based on trends in aluminium or silicon but rathenutual trends in the two
trace metals Strongestovariancevas observed between nickel and copper: the four possible
combinations of the x/Al and xiatios all correlated highly significantly€0.01). Strongovariance
was also found between iron, zinc and copper. Of the twelve possible correlationspifireéated
highly signitcantly and seven significantlilickel nor manganese showed convigctorrelation to
any of the other trace metals.
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Figure 19. Plot of trace metal nutrient content relative to aluminium and silicon. Logarithmic aluminium over silicon ratio is
shown for comparison. Variables that possibly explain simiftaitrient content were added. These include: Vector

averaged wind direction per sampling month, which can be compared to a logarithmic index of the number of coastal trade
wind trajectories (north or northwest, CT) divided by the number of Harmattgadtaries (northeast or east, H{A

logarithmic scale was used for convenient comparison to the vector averaged wind dire&ticambitrary value of 2 was
assigned to months without Harmattan winds. Wind speed data are shown inviitiea local regresion smoothing line in

grey. The blue bar graph depicts sampling month averaged daily precipitation.s@eis shown with reversedaxis so

that the peaks (finggrained) align with peaks in Al/Si. Copper and zinc ratios of the omitted sample 2_3B6 20&4lso

shown. Red: Cu/Si, orange: Cu/Al, purple: Zn/Si and pink: Zn/Al.
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