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Abstract

Continental dust can be suspended and transported by the wind, reaching seawater masses far away
from its source. The deposition of the aerosols on the ocean surface can alter the abundance of
chemical species in the water column and contribute to element inventories in seafloor sediments. A
major Saharan dust intrusion into the Western Mediterranean Sea was recorded at the DYFAMED
site (Ligurian Sea) in 20™ February 2004. We determine the influence of this dust event on the
concentration of 30 major and trace level elements (TE) in sinking particles collected by sediment
traps deployed at 200 m and 1000 m depth, and how a dust flux event like this contribute to the
exchange of TE, including Fe, with the water column during major dust events. With coupled
sediment traps and aerosol samples, we assessed the short-term implications of dust events in the
water column. The event produced a flux of fast (> 111 m d!) and slow (< 20 m d™') sinking dust
particles, detected during 3 weeks at 200 m and 4 weeks at 1000 m depth. This study demonstrates
that a single dust deposition event can produce a sinking flux equivalent to annual deposition rates of
elements relevant to biogeochemical cycles and/or pollution studies: (>60% for Cr and Cu, >70% for
Al, >80% for Ni and Zn, >90% for V and Mn, >100% for Fe and Pb). The corresponding Enrichment
Factors (EF) in the sediment traps during the atmospheric dust as reference were calculated, which in
the TE analysed in the traps ranged between 0.35 and 421 in both 200 m and 1000 m sediment traps.
For most of the TE, EF >1. A few exceptions were V, Y, Zr, Nb, and Ce (EF ~ 1) and Cr, Ni, Cu, Zn,



36
37
38
39
40
41
42

43

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

Sn, and Pb (EF<1). Despite the variability in the EF values, vertical fluxes integrated during the dust
event increased from 200 m to 1000 m, except for I, which decreased. This contrasts strongly with
the element fluxes integrated for the complete sampling season, which decrease or increase from 200
m to 1000 m, depending on the element. This suggests that sinking dust particles are acting generally
as sinks of the TE. We conclude that, apart from I, a substantial portion of the atmospheric dust
input from one of these deposition events can reach the mesopelagic layer of the Western

Mediterranean basin without increasing the budget of the dissolved TE.

1. Introduction

Measurements of trace element (TE) abundances and fluxes in the ocean can contribute to our
understanding of biogeochemical processes, which can influence global climate (Baskaran, 2011;
Schlitzer et al., 2018). Ocean time series studies are one way in which we have increased our
knowledge about the cycling of TE and their fluxes across the atmosphere, ocean, and seafloor

boundaries (e.g. Karl and Lukas, 1996; Steinberg et al., 2001).

The DYFAMED (Dynamique des Flux Atmospheriques en MEDiterranee) sampling station in the
Northwestern Mediterranean Sea (Figure 1) was established in 1988 as a part of the international
efforts to better understand ocean biogeochemical cycles and the nature of air, land and sea
exchanges (Buat-Menard and Lambert, 1993; Miquel et al.,, 2011). One DYFAMED sampling
activity is an instrumented mooring line, equipped with sediment traps at nominal depths of 200 m
and 1000 m. The site is located ~ 50 km off the coast of Monaco, over a total water depth of 2350 m.
While considered an open ocean station, it is influenced by aeolian inputs and, under certain
conditions by continental/riverine inputs (e.g. Ternon et al., 2010). Sporadic intrusions of dust from
northern Africa are known to affect this region primarily during spring and summer, supplying an
important lithogenic flux that could perturb TE budgets within the water column and the sediments
(Ternon et al., 2010; Scheuvens et al., 2013; Marconi et al., 2014). Its proximity to densely populated
areas with urban and industrial activities cannot be disregarded either (Guerzoni et al., 1999;
Béthoux et al., 2002). The time-series site’s proximity to land-based pollution influences the sea
surface through the transfer of continental aerosol to the open sea and is ultimately stored in the
sedimentary record through the downward flux of particulate matter and by lateral transport along

the Var Canyon system (Migeon et al., 2006; Martin et al., 2009).

The contribution of lithogenic fluxes from Saharan dust to particle export in the Northwestern
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Mediterranean Sea has been already analyzed in the context of studies on the biological carbon pump
(Ternon et al., 2010; Miquel et al., 2011; Heimbiirger et al., 2013; Jones et al., 2013; Pasqueron de
Fommervault et al., 2015). However, the role of heavy Saharan dust deposition events on the
inventories of TE water column and sediments has not been characterized in detail (Migon et al.,

1997, 2002; Heimbiirger et al., 2014).

During February 2004, a major Saharan dust deposition event was observed in the Northwestern
Mediterranean,. A dust deposition flux of 19.8 g m? d"! was measured on February 20™ at Monaco
(Pham et al., 2017), and detected within few days in sinking particles collected by sediment traps at
200 m and 1000 m depth at the offshore DYFAMED site (Ternon et al., 2010; Miquel et al., 2011).
A study by Pham et al. (2017) described the impact of this event on the vertical fluxes of natural and
artificial radionuclides. This work concluded that for many of the analyzed radioisotopes, this single
dust deposition event was able to supply most of the annual flux. This suggested that the vertical
fluxes and inventories in the water columns of other TE could be impacted in a similar way. To the
best of our knowledge, multi-element analyses of these major dust deposition events have not been

published yet.

This paper provides new information on the geochemical impact of massive dust deposition events
and addresses the following topics: 1) the fate of the atmospheric input based on geochemical tracers
in the water column; ii) how events of this type can affect the abundance of TE, especially if they
provide a significant input of dissolved nutrients, lithogenic and particle-reactive elements; iii) if
these dust events act as net sources via dissolution or net sinks via scavenging of TE in the water

column.

2. Materials and methods

Sinking particles were collected at the DYFAMED site (43°25° N, 7°52” E; Figure 1) using PPS3/3
Technicap sediment traps (Heussner et al., 1990) attached to a mooring line at 200 m and 1000 m.
During the period of this study (December 2003 to May 2004), the sampling interval of the sediment
traps was 14 days, with only one deviation from that schedule: the rotary mechanism of the 200 m-
depth traps failed in the ninth sample, thus the last bottle integrates 4 sampling intervals (56 days). A
complete description of the mooring lines and details of sediment trap sample processing can be

found in Miquel et al. (2011).
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Atmospheric dust was collected using a 2x2 m? stainless steel funnel-type collector located on the

roof of the IAEA-EL (International Atomic Energy Agency- Environmental Laboratories) premises

in Monaco (43°45°N, 07°25’E), using the methodology described in Pham et al. (2003, 2017). The

IAEA-EL sampling site is located on the coast, 70 m above sea level and 52 km from the

DYFAMED site. Element concentrations of both sample’s types were determined by X- ray
fluorescence (Spectro X-Lab 2000) (Martin et al., 2009). Briefly, aliquots of 1-4 g of dried and

ground solid sample were analyzed in calibrated XRF cups covered with Prolene® thin film.

Analyzes for the elements Al to U were done by using a combination of three measurements with

different X-ray targets. Analytical uncertainties for the elements considered in this study were always

below 5%. When required, exploratory statistical analyses were performed using Statgraphics

Centurion XVI.

The Enrichment Factor (EF) is defined here as the factor by which the concentration of a given TE
in sinking particles is greater or lower than its average concentration in the Earth's crust or in a
sample from a specific region, like the Saharan desert. In this study, the EF was used to determine
the enrichment of TE in sinking particles and as a proxy for the origin of collected particles.
TE concentrations were normalized to the concentration of Al, an abundant species in soil and dust
samples.
Thus, the enrichment factor (EF) is calculated as follows,

[M] /1Al

_ sample sample ( 1 )

[M ] /T4l

where Msampie and Alsampie are the concentrations of the element M and Al respectively, measured in
the particles collected in the traps. Msp.; and Alsp-; are the concentrations of the element M and Al
in the SD-1 aerosol samples collected in Monaco. EF describes the enrichment or depletion of TE

in relative to dust sample.

The use of vertical fluxes provides complementary information to that of EF values. Vertically

integrated fluxes are calculated for the different TE as
Dy = ZCiMCDmiMAtz’ (2)

where the @ry is the integrated vertical flux (mg/m? or pg/m?) for the element M, the cim (mg/g,
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ng/g) is the concentration found for the element M in the sediment trap samples collected during
the i-th sampling interval, the @mim is the mass flux (g/m? d) collected for such sampling interval,
and A (d) is the length of the i-th sampling interval. Uncertainties were calculated using normal

propagation of errors; in this way it is possible to find relative uncertainties of the total vertical

flux lower than the relative uncertainty of the i-th vertical flux.

3. Results and discussion

3.1. Main characteristics of the Saharan dust intrusion event

Two dust deposition events were detected at the IAEA-EL aerosol station during the study period
(Table 1). Previous studies have attributed these events to suspension of Saharan desert dust
(Libya/Algeria) (Scheuvens et al., 2013). The relationships between concentrations of major
elements and trace radionuclides in the collected aerosols confirm such origin (Pham et al., 2017).
The first event was observed during 20"-21% February 2004 (but called in whole text as 20"
February 2004, for short). A second, less intense, dust deposition event was detected during 15-2"
May 2004 (Pham et al., 2017). These two events of Saharan dust deposition will be hereafter
abbreviated as SD-1 and SD-2 respectively, however we will focus mainly on the analysis of SD-1
which has much more intense deposition than SD-2.

Tables 2a and 2b display the correlations of the concentrations of the TE in the context of the
Saharan dust. At 200 m depth, highly significant positive correlations were found for certain groups
of elements. This includes 1) major/trace elements associated with the mineral component of the
dust particles (Al, K, Ti, Fe, Y), 2) major nutrients associated with biological cycling (P, S, Br, 1),
and 3) intermediate trace elements including important contributors to the hard parts of biota and
biologically-essential micronutrients (Ca, Ni, As, Sr, Mn). It is worth noting that when the 1000 m-
depth data were analyzed, good correlation between phosphorus and iodine found at 200 m depth
disappears (0.7405, p < 0.05; Table 2.b). However, for the rest of the elements the correlations

remain significant.

The TE concentrations of the dust particles collected in Monaco are in agreement with Saharan soil
concentrations (Gross et al., 2016; Marconi et al., 2014; Scheuvens et al., 2013, Tables i.a-i.d
[Supplementary material]). This corroborates the results of previous works that used long-lived
radioisotopes (e.g., 238U) as tracers of lithogenic particles during the SD-1 and SD-2 events (Pham
etal., 2017).
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As noted by Miquel et al. (2011), the effect of the SD-1 deposition event on particle fluxes in the
DYFAMED sediment traps was fast and remarkable, resulting in the highest mass flux collected
by the DYFAMED sediment traps up to that date. The sinking flux collected during SD-1 was an
order of magnitude higher than the mean annual flux, at both 200 m and 1000 m depth (Miquel et
al., 2011), and almost one order of magnitude higher than other dust deposition events at

DYFAMED (e.g. May 2005, July 2005 or May 2008; Pham et al., 2017).

The timing of SD-1 (late winter) coincided with the seasonal overturning of the water column in the
study area, which may have facilitated the deep export of sinking particles. During late winter, the
hydrographic conditions in the open Northwestern Mediterranean are characterized by strong
convection following surface cooling (e.g. Martin et al., 2010); as a consequence, there is an intense
vertical export of both dissolved and particulate material centered around February (Migon et al.,
2002; Heimbiirger et al., 2014). In addition to this physical mechanism, phytoplankton blooms
occur following the convection period and the sinking of biomass contributes to the downward flux

of minerals by scavenging and aggregation (Ternon et al., 2010; Miquel et al., 2011).

We divided the sampling period into different phases based on particles flux (Figure 2a and Table
1). There is a first stage from December 2003 to February 2004, before the dust event. In the first
phase (Dec 2003-Feb 2004, prior to SD-1), total mass fluxes ranged 42 — 176 mg m2 d! at 200 m
and 85 — 151 mg m™? d! at 1000 m-depth, typical fluxes for the season at the site (Miquel et al.,
2011). The sinking particles collected in the traps were a complex mixture of organic matter,
biogenic silica and particulate inorganic material (calcite and lithogenic components) (Miquel et al.,
2011; Ternon et al., 2010). This heterogeneous material, generally defined as “marine snow” (Le
Moigne et al.,, 2013; Villa Alfageme et al., 2014) can accumulate TE through adsorption,
aggregation, or bioaccumulation. Particle sinking velocities and the temporal evolution of

enrichment factors and element flux values before the dust event are related to these mechanisms.

The sinking mass flux at 200m abruptly increased (sediment trap sample ST6, see Table 1) by
more than an order of magnitude, up to 1200 mg m? d! ., in concordance with the occurrence of the
SD-1 event.

Most of the particles collected from 15" February to 28" March (ST6, ST7 and ST8) at a depth of
200 m correspond to atmospheric dust particles from the Aeolian event. SD-1 was detected at the

1000 m sediment trap samples corresponding to 15" February-11% April (ST6, ST7, ST8 and ST9).
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During the stage of the dust event SD-1 following 28th March 2004, the particle flux decreased to
approximately pre-dust event values, down to 200 mg m d! at a depth of 200 m. Another increase
in the particle mass flux, centered around May 2004, was possibly associated with event SD-2, .
This secondary increase was clearly seen at 1000 m depth, but not at 200 m depth. This can be
partly due to the fact that at 200 m, the sample that includes the dust collection of that week
integrates over two months of sampling, instead of 15 days. Also, deposition of slow-settling
particles can account for a delayed arrival of the downward flux (caused by SD-1) from 200 to 1000
m depth.

The velocity of the sinking dust particles was calculated based on the analysis of the above-
described evolution of the mass fluxes along the season. The reference time used for both 200 m
and 1000 m were the time elapsed between the detection of the atmospheric dust event in the IAEA-
EL aerosol station (20/02/04) and the first detection of the dust particles by the sediment traps at
200 m (24/02/04) and 1000 m (24/02/04). Note that the moment of detection of the dust event by
the traps correspond to the sediment trap ST6 that collected particles from 15/02/04 to 29/02/04,
when particle flux increased one order of magnitude. However, we cannot be sure in which day
during the two weeks of sampling the traps collected the first signal. For this reason, the moment of
detection for ST6 was chosen as 24/02/2004, corresponding to the midpoint during the 2-week
collection period. Using the earliest estimated date of the detection of the input, we obtained the
maximum sinking velocities. We calculated that the velocity for fast particles at 1000 m was
between 50 m d!, if the first pulse was detected on the 29/02/04, and 250 m d™! if the first pulse was
detected on the 24/02/04. The velocity of slow-sinking particles was estimated following the same
approach. To estimate the reference time for the slow particles at 200 m, we selected the last day of
ST8 (28/03/04) as a reference of the maximum flux observed at the last day of the dust event.
Similarly, we selected the last day of ST9 (11/04/04) as the last day of the dust event detected at
1000 m. Using this data at 1000 m, we obtained a velocity of >20 m d™!' for the slow-sinking

component of the flux.

To summarize, we estimated the sinking velocity of SD-1 dust particles to be > 20 m d! for slow-
sinking particles and < 250 m d! for fast-sinking particles. These values are in the range of the
values expected according to the density and size of collected material (Villa-Alfageme et al.,
2016). Also, the sinking velocities of dust particles are in agreement and in the same order of

magnitude as the sinking velocities of less dense biogenic sinking particles (Villa-Alfageme et al.,
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2014).

3.2. Temporal evolution of dust impacts in the water column
Saharan dust is known to introduce zircon in the Mediterranean Sea, and the ratios of Zr/Al have
been used as indicators of Saharan dust deposition events (Moreno et al., 2005). Figure 3 shows that
this ratio increases notably and simultaneously at both sampling depths after the SD-1 event. After
approximately two months, the element ratio returns to values similar to those previous to the SD-1

event.

Studying the evolution of EF and element flux parameters in the three dust event stages (prior to,
during and at the dust events) described is key in understanding how dust events contribute to the

exchange of TE in the water column.

3.2.1. Enrichment factors

The EF was used to analyze the evolution of the TE concentration in relation to the expected
concentration in dust particles (Figures 2b-2e and in Tables 3a-3d). As described above, the
sediment traps mainly collected dust particles between the period of 15 February to 28 March.
Thus, according to this definition of EF, TE with an EF value of ~ 1 implies that there is not
significant loss, or scavenging, of the TE from the sinking dust particle, i.e. there is no contribution
of the element to the budget of the water column. When EF > 1, the sinking dust particles are
removing TE dissolved in the water column while they sink, increasing the initial TE
concentration of dust particles. Elements with EF < 1 imply that the dust particles have released
part of the TE to seawater, i.e., there is a net contribution of the TE from the dust particles to the
water. EF values of TE in particles collected in phase I, prior to SD-1, can be used as a baseline for
our temporal analysis (Miquel et al., 2011).

Finally, we can compare EF values of TE at 200 m and at 1000 m to determine if the sinking
particles changed their TE composition significantly from the euphotic zone to the mesopelagic.
An important remark about the uncertainties of the measurements and the interpretation of our
conclusion is that our sediment traps are not Lagrangian traps and may therefore be affected by
advective processes. Furthermore, the results were obtained from a single deployment and a
unique sediment trap. This implies that the uncertainties associated with advection and local

variability in the concentration of elements should be taken into account in our estimations.



267
268
269

270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299

Therefore, uncertainties associated with our measurements are higher than the statistical and

instrumental uncertainties associated solely with the measurement.

3.2.2. Element integrated vertical fluxes

Figures 4a-4b show the temporal evolution of 4 element fluxes (S, Ca, Ti and Fe) integrated in the
two-week period of the rotation of the traps at 200 m and 1000 m (See Supplementary Material,
Part 2 for all elements). As a rule, all TE fluxes increase as the dust event starts and decrease
when the event stops. This pattern may be due to the increase in total particle flux or may indicate
an enhancement of TE in the particles. When combined with enrichment factors, we will attempt

to distinguish these processes.

A decrease in the integrated element flux, from 200 m to 1000 m during SD-1, points to a release
of the TE from the dust particles to the water column, probably due to remineralization of the
sinking particles (Tables 4a and 4b). If the integrated element flux increases from 200 m to 1000
m, this is an indicator of net removal of TE from the water column while the particles sink. If the
dust period integrated element flux remains constant at 200 m and 1000 m, this implies that there
is no net transfer of TE from/to the water column, i.e., the dust particles do not contribute to the

inventory of TE in the water column.

A similar comparison (i.e., 200 m vs 1000 m-depth) could be done for the whole sampling season.
Note that the sampling season that we are considering for comparison to the dust event do not
cover a whole year. That means that it is only a partial representation of particles fluxes along the
year. Furthermore, the inclusion of results from the dust event in the whole sampling average
might also influence the results of the complete sampling. Therefore, the results of the complete

sampling months cannot be used to infer behaviors of TE for the whole year.

The general correlations of fluxes and EF in shallow and deeper depths are compared during the
complete sampling and the dust event with the specific objective of examine if the changes in
fluxes and EF in depth are constant for those months or it varies during the dust event. A clear
difference in terms of TE fluxes and EF would indicate that the sinking particles behaves different

during the dust event in relation to the contribution of TE to the water column budget.
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3.2.3. Enrichment factors (EFs) and element fluxes in most abundant TE
The biogeochemical behavior of the most abundant TE in the sinking particles, Si, Ti, S, Fe and Ca
before, during and after the dust event were analyzed (Tables 3a-3d and Figure 2b). The dust
intrusion in the ocean was estimated to occur during 2-week period from 15 February to 29
February (sample ST6), when particle flux in the 200 m sediment traps increased by an order of
magnitude. This intrusion can be confirmed by changes in the EF, which increased for Si and Ti and
decreased for Ca. Within uncertainty, no changes were detected for Fe and S. During the dust event,
the EFs for most abundant TE are higher than 1, which suggests that the dust particles are removing
TE (relative to Al) from the water column while sinking in the first 200 m of the water column. It is
important to emphasize that the uncertainties associated with these results are only instrumental and
statistical. The elements are classified according to their EF values, but for the elements with higher
concentrations, this classification is only a first approximation, and further measurements should be
done to minimize these uncertainties. If the uncertainties given in Tables 3a-3d are considered, a

conservative approach implies that only EF>1.5 values account for local variability.

We conclude that the classification is statistically robust only for S and Ca (EF>1.5), whereas Si,
Ti and Fe have EF values < 1.5. If the uncertainty due to advection was included, we may not be

able to classify the category with a better precision.

The evolution in EF values are qualitatively the same for these elements at both sampling depths,
200 m and 1000 m. Furthermore, EF values are very similar at both depths during the dust event.
This implies that there is no significant change in the dust particles while sinking from 200 m to
1000 m and EFs remain approximately > 1, with no significant increase. The only exception is S, for
which the EF in the last sample at 200 m depth is more than twice that at 1000 m depth. The element
vertical fluxes displayed in Figures 4a-4b and Tables i.a-1.d (Supplementary material), show similar
trends for Si, Ti, S, Fe and Ca at 200 m and 1000 m, with an expected significant increase of fluxes
when the dust event starts (Si is not shown in the figures). This increase of the TE fluxes in the

fortnight of 15" February (sample ST6) confirms that the SD-1 event started at that time.

When fluxes are integrated for the whole season (Tables 4a-4b), the flux from 200 m to 1000 m
decreases very little (2% for Ca, ~ 5% for Si, Ti and Fe). The decrease with depth is only statistically
significant for S (11%). The decrease in the TE fluxes at 1000 m over the whole season, except the
dust period, may indicate that the sinking dust particles are being remineralized above 1000 m, and

releasing dissolved TE into the water column.

10
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Contrary to the entire seasonal estimates, the total element vertical fluxes at 200 m and 1000 m
integrated exclusively for the dust period show an increase with depth. The increase is approximately
15% for Si, Ti, S, Fe and Ca (Tables 4a-4b). It can therefore be inferred that there was a net removal

of major TE scavenged by the dust sinking particles from the water column during the dust event.

Among the most abundant TE, Fe is particularly significant because it is associated with mineral
components of the dusts and plays an important role in the ocean biogeochemical cycles as a
micronutrient. As described above, the EF results and the increasing total element fluxes from 200 m
to 1000 m suggest that dust particles may remove Fe from the water column while sinking, and
release Fe to the mesopelagic zone during remineralization. This dust event likely did not contribute
to increasing the abundance of Fe, however unaccounted local variations in concentrations do not

allow to completely validate this hypothesis.

Summarizing the results during the dust period for the most abundant TE, we conclude from the
combination of the information provided by the EFs and the total integrated element fluxes that dust
particles are not significantly transferring the major elements Si, Ca. Ti, and Fe to the water column.

Indeed, dust particles seem to act as a sink for this set of elements.

3.2.4. Enrichment factors (EFs) and element fluxes in least abundant TE
We analyze here the biogeochemical behavior of the least abundant TE in the sinking particles,

before, during, and after the dust event (Tables 3a-3d and Figures 2b-2¢).

We have classified the minor TE according to their EF values: EF>1 (category a), approximately 1
(category b) and <I (category c). However, to account for uncertainties due to local variability, we

consider EF>1.5 and EF <0.7 to be more statistically robust but will discuss all the results.

a) Elements with EF values >1.0 in the trap particles collected during the dust intrusion.

The TE in this category are scavenged from the water column while the dust particles are sinking and
include P, K, Mn, Ga, As, Br, Rb, Sr, I, Ba, La, Th and U. From this list only As, Br, Sr and I have

EF values higher than 1.5 (Figure 2¢), which illustrate the same behavior for P, Mn and Ba.

It is especially significant for Br and I (Figure 2d) to reach EF values of 20-40 during the dust event.

11
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This finding is in agreement with the expected removal of I and Br from their dissolved phases
within the upper layers of the water column (Steele & Thorpe, 2010). It is also worth noting that the
removal of these elements from the water column is not directly related to the particle
affinity/adsorption coefficient of all these elements. Consequently, Th, which is strongly particle
reactive, is included in this category, however, Pb, also through very particle reactive has the
opposite behavior. On the contrary, this category includes U, whose reactivity depends on its

oxidation state, and Sr, which is conservative in seawater.

Contrasting with the major TE from the previous section, not all the elements change their EF before
and during the dust event, and it is impossible to detect the changes attributed to the different origins
of the particles (biological vs lithogenic). The EFs of Mn, As, Sr, Br and I (and to a lesser extent P,
Rb and Ba) decrease during the dust event. Those of Ga and U do not show statistically significant

changes from the pre-event to the dust event.

This distribution of EF is consistent at 200 m and 1000 m for all the elements. The only elements not
showing consistent behaviors at both depths are K and Th. For potassium the EFs seems to increase
at 200 m-depth once the dust intrusion is detected; no differences were found at 1000 m-depth. In the
case of Th, no relevant differences were found at 200 m-depth, but they seem to slightly decrease at
1000 m-depth.

Within category a, the integrated vertical fluxes during the dust event of many of the elements (K,
Mn, Ga, As, Br, Rb, Sr, Ba and Th) were observed as being higher at 1000 m-depth than at 200 m-
depth (Table 4a, 4b). However, the elements As, Ba and Th reflect relevant differences higher than
20% and could account for local variabilities. The mentioned elements have very different
biogeochemical behaviors such as micronutrients-like elements (Mn, Ga, Ba, La), particle reactive
elements (Th), and conservative elements (K and U).

The combination of EF>1 and increased vertical flux from 200 m to 1000 m during the dust event
indicates that when the dust particles sank, they likely removed the above-mentioned elements from
the water column. If the sinking dust particles were remineralized in the mesopelagic zone, these
elements were associated to the refractory phase of the dust particles and were therefore not released
back to the water column, resulting in a net increase of these specific element fluxes from 200 m to
1000 m. However, it is important to remember that this net removal during the dust event is only
statistically robust for As, Ba and Th. lodine is an exception; the element fluxes integrated for the
dust period decreased from 200 m to 1000 m, but its EF at 200 m was less than 1. This suggests that

dust particles can remove a certain amount of I from the water column within the euphotic layer, but
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then, during remineralization of the sinking dust particles from 200 m to 1000 m, a certain fraction of
this I is released back to the water column. This may be explained if I is associated with the most
labile form of the sinking particles, possibly the biogenic phase. Previous work has suggested that
less than 3% of the particulate iodine present in the upper layer of the North Atlantic Ocean reaches
the sediment (Wong et al., 1976). Indeed, the vertical fluxes reported by Wong et al. (1976) as
suspended particles were in the range of 0.4 mg m™ d’!, almost two orders of magnitude below the

fluxes shown in this work.

When element fluxes are integrated for the whole sampling season, some elements (Mn also Br, Ba,
La) present an increasing flux from 200 m to 1000 m. This implies that Mn, Br, Ba and La are
associated with a more refractory phase. Most other element fluxes (P, K, Ga, As, Rb, Sr, I, Th and
U) decrease from 200 m to 1000 m. This suggests they are associated with a labile phase and

released to the water column during remineralization.

The observed TE fluxes suggest that the compositions of sinking particles are, as expected, different
during a season than during the dust event. Biogenic, particles that sink during the season, outside of
the dust event, are labile and more easily remineralized. Element flux from 200 m to 1000 m
decreases during the season because the elements associated to this labile phase are remineralized

back to the water column.

b) Elements having EF values ~ 1.0 in the trap particles collected during the dust intrusion.

This category corresponds to TE that are not being removed from the water column by the dust
particles when they sink. This attribute was observed in the elements V, Y, Zr, Nb, Ce, and Y.
(Figure 2d). Note that Y’s particle reactivity.

There is a clear change in the EF before and during the dust event for Y and Zr, as their EFs
increases at both sampling depths. The values for V remain constant (inside the uncertainty intervals)
at both depths. The EFs of Nb (and Ce) show different temporal trends at different depths; the values
increase for Nb (decrease for Ce) at 200 m-depth with the arrival of the dust event but remain

constant at the 1000 m-depth level.

During SD-1, all (category b) TE integrated fluxes increased with depth. Based on the EF values and

these increasing fluxes, we conclude that all elements (V, Y, Zr, Nb and Ce) passed through the
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mesopelagic, without any remarkable interaction with the water column since EF = 1. Additionally,
we were able to confirm the refractory nature of the dust sinking particles for this (category b).

In (category b), when the vertical fluxes were integrated for the complete data series including SD-1,
the integrated flux decreased from 200 m to 1000 m for V by ~10%. There are no differences within
the uncertainty intervals for Nb and Ce. There is only slight reduction found for Y (2%) and Zr (4%),
therefore for this reason results are not conclusive for these two elements. We conclude that Nb and
Ce are associated to the most refractory phase of the sinking particles, while V, Y and Zr are more

labile for the organic sinking particles.

c) Elements having values < 1.0 in the trap particles collected during the dust intrusion.

This category includes the elements Cr, Ni, Cu, Zn, Sn, and Pb, all of which, excluding Ni and Pb,
have EF values below 0.7 (Figure 2¢). This indicates that, when sinking, the particles are sources of
these elements, and therefore increase their abundance in the dissolved phase. All these elements
decrease their EF values before and during the dust event. Furthermore, the EF values for these

elements have the same behavior at 200 m and 1000 m.

Finally, the (category c) corresponds to elements that were released from the sinking particles to the
water column in the first 200 m based on EF<1. However, the vertical fluxes increase significantly
from 200 m to 1000 m-depth for all the TE except for Cr. For (category c¢), when vertical fluxes
were integrated for the complete data series, the Cu and Sn integrated fluxes increased from 200 m

to 1000 m by ~22 and 15%, respectively.

During the dust event, there was a remarkable asymmetry for the elements of (category ¢) with EF
<1 at 200 m and increasing fluxes from 200 m to 1000 m. Iodine was only exception with EF>1
decreased flux from 200 m to 1000 m. These asymmetries indicate that more complex mechanisms
that should be further analyzed, e.g. remineralization and differences in particulate properties at 200
m and at 1000 m, phytoplankton and zooplankton abundance, stratification. Furthermore, future
investigations should consider the mentioned different sources of uncertainty in order to improve

the accuracy of these conclusions.

3.3. Comparisons with previous studies
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Heimbiirger et al. (2013) provided average daily fluxes for Cr, Cu, Ni, Zn and Pb using sediment
traps deployed at the DYFAMED site, at 2380 m-depth, for nearly one year. The values from
Heimbiirger et al. (2013) are of the same order of magnitude as those measured in this work
(Supplementary Material). Heimblirger et al. (2012) also provided an estimation of daily fluxes
using data from the upper layer of sediment cores collected at the same site. Those fluxes are
approximately 3-4 times lower than maximum values measured in our sediment traps at 1000 m-
depth during the dust intrusion event. Heimbiirger et al., (2014) compiled yearly vertical flux
averages for the period 2004-2007. We compared our data from the February 2004 dust event
with these yearly vertical fluxes and confirm that a single large dust event, such as the one
analyzed in this work, produces a significant proportion of the total average annual flux: 45 %
(Cu), 60-70% (Al, Ni, Zn, Cr), 80-85% (Mn and Pb), or 115% (Fe). These calculations agree with
the data provided by Pham et al. (2017) for artificial radionuclides ('*’Cs and 2**?*°Py) in the

same sample set.

In the case of the element La, vertical daily fluxes during the February 2004 dust event are between
one and two orders of magnitude higher than those registered at the Gulf of Lions by Fowler et al.

(1992).

4. Summary and conclusions

A major Saharan dust deposition event was detected at Monaco in 20" February 2004, and, in a few
days , the sinking particle flux at 200 m depth increased by more than one order of magnitude,
(1200 mg m2 d'! the highest flux measured to date at the DYFAMED sediment traps). At 1000 m
depth, the dust event was detected from February to mid April 2004.

We estimated the sinking velocity of dust particles at the DYFAMED site to be > 20 m d™! for the
slow particles and < 250 m d™' for the fastest dust particles, based on the particle mass flux and

travelling time of sinking particles during 3 weeks at 200 m and 4 weeks at 1000 m depth.

For the 30 elements analyzed, except for I, the dust event did not enhance dissolved inventories in
the water column, since the sinking dust particles scavenged the elements from the water column as
they sank. The results suggest that remineralization of the sinking dust particles did not occur

between 200 m and 1000 m-water depth, and that sinking dust particles scavenged dissolved TE
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from the water column.

We also integrated element fluxes for the complete sampling season prior, during, and after SD-1
event. For many of the analyzed elements, the fluxes decreased from 200 m to 1000 m, which
contrasts strongly with the increased fluxes detected during the dust event. This implies that the
composition of the sinking particles is different during the period of dust event. Dust particles are
refractory and for this reason, the remineralization of the sinking dust particles was likely weak
and slow. Biogenic, particles that sink during this period, are labile and more easily remineralized.
Element flux from 200 m to 1000 m decreases during the season because the elements associated

to this labile phase are remineralized and recycled back to the water column.
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Figure captions

Figure 1: Location of the DYFAMED and IAEA-EL sampling sites.

Figure 2.a: Particle flux during the sampling campaign at 200 m and 1000 m-depth at DYFAMED station.
Red line indicates the detection of the dust event at IAEA-EL. Note that the particle flux represents the
collection of 15 days. Thus, the dust event starts on the 20" February, but the associated particle flux is
displayed from 15 to 29'" February.

Figure 2.b: Enrichment Factors found in sediment trap samples at 200 m and 1000 m-depth for Si, Ca, Ti
and Fe. Red line indicates the detection of the dust event at IAEA-EL. The elements are not shown in order
of increasing atomic number, but keeping the order of the discussion in the text. Each point corresponds to
the average of two weeks sampling interval and are the data points are displayed on the mid-day of the two
weeks.

Figure 2.c: Enrichment Factors found in sediment trap samples at 200 m and 1000 m-depth for P, Mn, Sr
and Ba. Red line indicates the detection of the dust event at IAEA-EL. The elements are not shown in order
of increasing atomic number, but keeping the order of the discussion in the text. Each point corresponds to
the average of two weeks sampling interval and are the data points are displayed on the mid-day of the two
weeks.

Figure 2.d: Enrichment Factors found in sediment trap samples at 200 m and 1000 m-depth for V, Br, Zr
and . Red line indicates the detection of the dust event at IAEA-EL. The elements are not shown in order
of increasing atomic number, but keeping the order of the discussion in the text. Each point corresponds to
the average of two weeks sampling interval and are the data points are displayed on the mid-day of the two
weeks.

Figure 2.e: Enrichment Factors found in sediment trap samples at 200 m and 1000 m-depth for Cu, Zn, Sn
and Pb. Red line indicates the detection of the dust event at IAEA-EL. The elements are not shown in order
of increasing atomic number, but keeping the order of the discussion in the text. Each point corresponds to
the average of two weeks sampling interval and are the data points are displayed on the mid-day of the two
weeks.

Figure 3: Zr/Al mass ratios found in sediment trap samples collected at 200m and 1000m-depth.

Figure 4.a: Mass flux and element vertical fluxes of Si, Ca, Ti and Fe observed at the DYFAMED site (200
m-depth). Note the different scales and different units. Ca and Fe fluxes have been divided by 10, and S by

100, in order to keep the same numeric scale. Each point corresponds to the average of two weeks sampling
interval and are the data points are displayed on the mid-day of the two weeks.

Figure 4.b: Mass flux and element vertical fluxes of Si, Ca, Ti and Fe observed at the DYFAMED site
(1000 m-depth). Note the different scales and different units. Ca and Fe fluxes have been divided by 10,
and S by 100, in order to keep the same numeric scale. Each point corresponds to the average of two weeks
sampling interval and are the data points are displayed on the mid-day of the two weeks.
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Supplementary material

Table i.a. Trace element composition of samples determined by X-ray
Fluorescence (XRF; n= 1). Uncertainties provided for k = 1 (65.3% confidence

interval).

Element | Al Si S P K Ca Ti \%

Sample | mg/g mg/g | Hg/g ng/g | ng/g mg/g mg/g ng/g
Atmospheric dust.

SD1 53.3+1.0 | 162+1 | 919420 | 173£18 | 19.6+0.1 | 68.8+0.2 | 4.20+0.03 | 105+10
SD2 46.8+1.1 | 15241 | 1018+19 | 334424 | 18.1+0.1 | 46.4+0.1 | 4.27+0.03 | 100+10
Sediment traps, 200 m-depth.

ST2 46.6£1.4 | 157+1 | 1027425 | 225438 | 21.6+0.1 | 99.5+0.2 | 3.48+0.03 | 111+11
ST3 40.4+1.4 | 138+1 | 1730+£34 | 461466 | 17.9+0.1 | 120.0+0.2 | 2.91+0.03 | 107+12
ST4 39.2+1.2 | 136+1 | 1708+30 | 48060 | 17.3+0.1 | 121.8+0.2 | 2.91+£0.03 | 103+11

ST6 37.1+¢1.2 | 162+1 | 1356+28 | 463450 | 18.5+0.1 | 97.7+0.2 | 3.40+0.03 | 92+10
ST7 38.8+1.2 | 163+1 | 1205+26 | 351443 | 19.94+0.1 | 92.9+0.2 | 3.61+0.03 | 100+11
STS8 40.0+£1.2 | 15941 | 1382428 | 365+45 | 19.4+0.1 | 98.5+0.2 | 3.56+0.03 | 91+11
ST9-12 | 25.8+1.0 | 1611 | 3050+38 | 964464 | 15.3£0.1 | 85.0£0.2 | 2.67+0.02 | 85+9

Sediment traps, 1000 m-depth.

ST2 41.4+1.7 | 14741 | 1034£32 | 212448 | 20.840.2 | 97.4+0.3 | 3.36+0.04 | 106+14
ST3 34.4+7 | 134+1 | 1529443 | 268472 | 17.6+0.2 | 116.3+0.3 | 2.99+0.04 | 90+16
ST4 39.7+.6 | 134+1 | 1508+38 | 413476 | 17.5+0.1 | 119.0+0.3 | 3.04+£0.03 | 114+14
STS 30.5+1.2 | 145+1 | 1581+£34 | 372465 | 16.1+0.1 | 120.4+0.3 | 2.73+0.03 | 86+12
ST6 36.0+1.3 | 156+1 | 1148+28 | 342444 | 18.9+0.1 | 93.9+0.2 | 3.48+0.03 | 95+11
ST7 40.1£1.2 | 156+ | 1064+25 | 312440 | 20.0+0.1 | 94.1+0.2 | 3.65+0.03 | 96+11
STS8 39.9+1.2 | 156+ | 1221426 | 385448 | 1.92 101.0+0.2 | 3.47+0.03 | 84+£10
ST9 37.0+1.5 | 166+1 | 191537 | 417461 | 18.5+0.1 | 97.4+0.2 | 2.84+0.03 | 83+10
ST10 33.2+1.1 | 158+1 | 1493429 | 311448 | 16.9+0.1 | 108.3+0.2 | 2.98+0.03 | 103+11
ST11 30.0+1.1 | 165+1 | 2084+34 | 406452 | 16.0+0.1 | 95.5£0.2 | 2.77+0.03 | 84£10
ST12 21.840.9 | 17241 | 377043 | 389451 | 13.1+0.1 | 82.0£0.2 | 2.14+0.03 | 7249




Table i.b. Trace element composition of samples determined by X-ray
Fluorescence (XRF; n= 1). Uncertainties provided for k = 1 (65.3% confidence
interval).

Element | Cr Mn Fe Ni Cu 7/n Ga As

Sample | pg/g | pg/g mg/g ng/s | ng/g | nglg | ng/g ng/s

Atmospheric dust.

SD1 21147 | 58949 40.9+0.2 | 73£2 | 116+2 | 246+2 | 17.6+0.6 | 8.6+0.8

SD2 654+11 | 55619 42.8+0.2 | 201+£3 | 568+4 | 662+4 | 15.9+0.6 | 10.8+1.0

Sediment traps, 200 m-depth.

ST2 96+6 808+12 | 35.6+£0.1 | 60+£2 | 45+1 | 137+£2 | 18.8+0.8 | 18.3+1.0

ST3 95+6 1085+13 | 32.2+0.1 | 5742 | 3941 | 179+2 | 16.7+0.8 | 16.8+1.0

ST4 95+7 1198+15 | 33.3+0.1 | 66+2 | 4142 | 188+2 | 14.6+0.7 | 18.1%1.1

ST6 63+5 614+10 | 32.9+0.1 | 45+2 | 29+1 | 113+£2 | 14.9+0.7 | 11.4+0.8

ST7 60£5 580+10 | 35.2+0.1 | 41+£2 | 30+1 | 108+2 | 16.4+0.7 | 10.8+0.8

ST8 60+5 56510 | 34.6+0.1 | 42+2 | 311 | 13742 | 14.4+0.7 | 11.9+0.8

ST9-12 | 57+5 413+8 28.6+0.1 | 402 | 31+£1 | 16542 | 13.2+0.6 | 10+0.7

w2

ediment traps, 1000 m-depth.

ST2 110+£7 | 990+14 | 35.4+0.1 | 68+2 | 4442 | 13242 | 17.9+0.9 | 15.9+1.1

ST3 99+8 126717 | 34.1+0.1 | 68+3 | 41+2 | 12942 | 14.1£0.8 | 19.5+1.2

ST4 87+7 1257+15 | 34.3+0.1 | 63+2 | 46+2 | 133+£2 | 14.2+0.8 | 19.9+1.1

ST5 99+7 930+13 | 31.3+0.1 | 68+2 | 43+2 | 133+£2 | 13.1£0.7 | 15.7+1.0

ST6 56£5 642+10 | 34.3£0.1 | 45+2 | 36+1 | 972 | 16.1+0.7 | 10.1£0.8

ST7 48+4 600+10 | 35.4+0.1 | 41+2 | 3741 |924+2 | 17.7+0.7 | 10.4+0.8

ST8 68+5 680+£10 | 34.9£0.1 | 52+2 | 44+1 | 10942 | 15.9+0.4 | 12.6+0.8

ST9 64+5 631£10 | 29.8+0.1 | 46+2 |41+1 | 108+£2 | 13.5+0.6 | 10.1+0.8

ST10 61£5 72211 | 31.3£0.1 | 49+2 | 4741 | 126£2 | 14.0+£0.6 | 12.7+0.8

ST11 7446 690+10 | 29.6+0.1 | 5742 | 50+1 | 127+2 | 13.3+0.7 | 13.8+0.8

ST12 50£5 52349 23.540.1 | 4842 | 48+1 | 134+2 | 10.9+0.6 | 10.0+0.8




Table 1.3. Trace element composition of samples determined by X-ray
Fluorescence (XRF; n= 1). Uncertainties provided for k = 1 (65.3% confidence

interval).
Element Br Rb Sr Y Zr Nb Sn
Sample ng/s ng/g | nglg | nglg ng/g | nglg ne/s
Atmospheric dust.
SD1 7.5+0.3 | 861 | 21241 | 25.1+0.5 | 193+5 | 10.9£1.6 | 7.0+0.4
SD2 10.0£0.3 | 821 | 148+1 | 25.1+0.5 | 18245 | 9.0£1.6 | 15.9+0.5
Sediment traps, 200 m-depth.
ST2 89+1 130+1 | 560+2 | 18.4+0.6 | 107+5 | 5.5¢1.4 | 4.7+0.4
ST3 199+1 111£1 | 82442 | 14.0+0.5 | 875 | 6.2+1.4 |2.440.3
ST4 228+1 107£1 | 93242 | 14.6+0.6 | 87+6 | 4.9+1.4 |2.9+0.4
ST6 149+1 84+1 | 527+1 | 17.840.5 | 135+£5 | 8.4+1.4 | 1.1+0.2
ST7 107+1 85+1 | 447+1 | 20.6+£0.5 | 142+5 | 9.3+1.4 | 0.8+0.2
ST8 130+1 85+1 | 490+l | 19.5£0.5 | 136£5 | 7.1+1.4 | 1.8+0.3
ST9-12 554+2 72+1 | 470+ | 12.3+0.4 | 7944 | 5.1+1.2 | 2.740.3
Sediment traps, 1000 m-depth.
ST2 140+1 129+1 | 64042 | 18.3+0.6 | 106+5 | 8.3+1.4 | 8.940.5
ST3 218+1 110£1 | 86442 | 15.840.6 | 76+5 | 8.7+1.4 |5.4+0.4
ST4 205+1 110£1 | 89242 | 14.6+0.6 | 72+6 | 9.0+1.5 |4.9+0.5
STS 232+1 98+1 | 89442 | 13.9+0.6 | 80+6 | 7.6+1.4 |4.1+0.4
ST6 125+1 85+1 | 466+l | 19.6+£0.5 | 1575 | 11.0£1.5 | 2.9+0.3
ST7 97+1 86+1 | 433£1 |20.9+£0.5 | 15245 | 8.9+1.4 | 1.8+0.3
ST8 129+1 89+1 | 527+1 | 18.3+0.5 | 120£5 | 7.5+1.4 | 2.1+0.3
ST9 172+1 78+ 493+1 | 15.0£0.4 | 765 | 4.1£1.4 | 0.5+0.1
ST10 195+1 83+1 | 605£2 | 16.0+£0.5 | 101£5 | 6.0+£1.3 | 1.9+0.3
ST11 424+2 81+l | 525+1 | 13.3£0.5 | 91+4 | 6.5+1.3 | 2.3+0.3
ST12 131143 | 69+ 472+1 | 9.240.4 | 6144 | 4.0+1.1 | 1.9+0.3




Table i.d. Trace element composition of samples determined by X-ray

Fluorescence (XRF; n= 1). Uncertainties provided for k = 1 (65.3% confidence

interval).
Element I Ba La Ce Pb Th U
Sample ng/s ne/s ng/'s ng/s png/s ng/s ng/s
Atmospheric dust.
SD1 3.7£1.0 39243 24.1£3.2 | 49.244.2 52+1 8.6+0.5 | 2.03+0.02
SD2 3.3+1.0 365+3 18.743.1 | 45.9+4.0 95+1 5.9+0.3 | 2.04+0.02
Sediment traps, 200 m-depth.

ST2 49+1 29743 18.9£3.1 | 48.1+4.0 52+1 9.9+0.6 N.M.
ST3 90+2 478+4 21+4 56.0+£5.2 58+1 9.5+0.6 | 1.77£0.02
ST4 110+2 630+5 28.5+4.9 | 55.8+6.4 61+1 9.9+0.6 N.M.
ST6 56+1 360+3 14.8£2.9 | 33.74£3.7 34+1 7.8+£0.5 | 1.65+0.02
ST7 69+1 367+3 25.4+£3.0 | 39.743.8 33+1 7.6+£0.5 | 1.72+0.02
ST8 116+2 448+4 24.843.8 | 48.9+4.9 32+1 8.6+£0.6 | 1.78+0.02

ST9-12 14142 32143 <49 14.1£3.1 32+1 7.6+£0.6 | 1.48+0.02

Sediment traps, 1000 m-depth.

ST2 10242 457+4 31.1+4.1 | 61.2£54 59+1 12.4+0.7 N.M.
ST3 97+2 581+5 26.1+4.2 | 48.2+5.4 59+1 11.1£0.7 | 1.79+0.02
ST4 11542 72546 36.6£59 | 65.2+7.6 58+1 11.9£0.7 N.M.
STS 10442 662+5 32.8+4.8 44+6 50+1 9.7+0.6 N.M.
ST6 44+1 384+3 20.2£3.0 | 44.1+£3.9 36+1 7.9+£0.6 | 1.70+0.02
ST7 39+1 378+3 20.2£3.1 | 40.6+3.9 34+1 8.0+£0.5 | 1.60+0.02
ST8 61+1 41943 18.5£3.0 | 36.243.8 39+1 9.0+£0.5 | 1.73+£0.02
ST9 56+1 34743 16.5£3.1 | 15.443.5 38+1 6.6+£0.5 | 1.75+0.02
ST10 79+2 536+4 13.4£3.4 | 22.3+4.4 41+1 7.2+0.5 N.M.
ST11 70+2 437+4 10.4£3.0 | 31.9+4.3 40=+1 8.8+0.6 N.M.
ST12 73+1 425+4 13.6£3.1 | 23.943.9 36+1 8.4+0.7 N.M.




Table 1i.a: Element vertical fluxes.

M
fsliisl;e (mgl/?liz' d) Si (mg/m?*-d) (ug /rsnz- O | (e /;2' 4 K (mg/m*d) | Ca(mg/m?-d) | Ti(mg/m?-d) (g /Ynz- d)
200 m-depth
ST-2 27.25+0.82 | 91.81+0.58 601+£15 132422 12.632+0.058 58.19+0.12 2.035+0.018 64.9+6.4
ST-3 7.10+£0.25 | 24.26+0.18 | 304.1+6.0 81+12 3.147+0.018 | 21.096+0.035 | 0.5116+0.0053 | 18.8+2.1
ST-4 5.13+0.16 | 17.80+£0.13 | 223.6+3.9 | 62.8+7.8 2.265+0.013 15.944+0.026 | 0.3809+0.0039 | 13.5+1.4
ST-6 45.6 £1.5 198.9+1.2 166534 [ 569. 61 22.72+0.12 119.98+0.25 4.175+0.037 113£12
ST-7 33.1£1.0 | 138.99+0.85 | 1027+22 299+37 16.969+0.085 79.22+0.17 3.078+0.025 85.319.4
ST-8 9.36 £0.28 | 37.22+0.23 | 323.5+6.6 85+10 4.541+0.023 | 23.059+0.047 | 0.8334+0.0070 | 21.3£2.6
ST-9-12 | 5.39+0.21 | 33.66+0.20 | 637.8£7.9 | 202+13 3.199+0.021 17.774£0.042 | 0.5583+£0.0042 | 17.8£1.9
1000 m-depth

ST-2 6.47 £0.27 | 22.98+0.16 | 161.6+5.2  33.1£7.5 3.254+0.032 | 15.224+0.047 | 0.5253+0.0064 | 16.6+2.2
ST-3 4.84 £0.10 | 18.84+0.14 | 215+6.0 38+10 2.473+£0.032 | 16.352+0.042 | 0.4220+0.0064 | 12.7£2.2
ST-4 3.39+0.05 | 11.43+0.09 | 128.6+£3.2 | 35.2+6.5 1.493+0.011 10.151£0.026 | 0.2593+£0.0034 | 9.7+1.2
ST-5 3.5+0.14 16.66+0.11 | 181.7£3.9 | 42.7£7.5 1.851+0.014 | 13.834+0.034 | 0.3142+0.0031 | 9.9+1.4
ST-6 26.05+0.94 | 112.9£0.72 831420 247.5432 | 13.68+0.074 67.96+0.14 2.518+0.022 68.8+8
ST-7 35.8 +1.1 139.37+£0.28 | 951+22 287436 17.872+0.094 84.07+0.18 3.261+0.027 85.8+9.8
ST-8 22.29+0.67 | 87.16£0.33 682+14 215+27 1.075+0.069 56.43+0.11 1.939+0.017 46.9+£5.6
ST-9 20.9+£0.85 [ 93.77+0.56 |1081.8421| 236+34 10.452+0.063 55.0240.11 1.604+0.017 46.9£5.6
ST-10 5.74 £0.19 | 27.33+0.17 | 258.3£5.2 | 53.848.3 2.921+0.023 18.736+£0.035 | 0.5164+0.0053 | 17.8%1.9
ST-11 7.31 £0.27 | 40.23+0.24 [ 508.1+8.3 99+13 3.900+0.028 | 23.283+0.049 | 0.6754+0.0071 | 20.5+£2.4
ST-12 541+0.22 | 42.67£0.25 935+11 96.5+13 3.251+0.023 | 20.344+0.050 | 0.5312+0.0072 | 17.9+£2.2




Table ii.b. Element vertical fluxes (Cont’d).

Mass

Cr Mn Ni Cu /n QGa As
fl 2.
S;lr);ple (nghm>d) | (ugm-d) [T @D gy | (ugmd) | (ugmd) | (ugm>d) | (ngm>d)

200 m-depth
ST-2 56.1+£3.5 1472.5+£7.0 [20.819+0.058 |35.1+1.2 |26.32+0.58 [ 80.1+1.2 10.99+0.47 |[10.7+0.58
ST-3 16.7£1.1 |190.7+£2.3 |5.661+0.018 |10.02+0.35|6.86+0.18 |31.47+0.3512.94+0.14 [2.95+0.18
ST-4 12.4+09 |156.842.0 |4.359+0.013 |8.64+0.26 |5.37+0.26 (24.61+0.26]1.911+0.092|2.37+0.14
ST-6 77.4+6.1 |754+12 40.40+£0.12 |55.342.5 |35.61+1.23|138.8+2.5 |18.297+0.86 | 14+0.98
ST-7 51.244.3 1494.6+8.5 [30.015+0.085(35.0+1.7 |25.58+0.85(92.1+1.7 13.984+0.60 [9.21+0.68
ST-8 14+1.2 132.3+2.3 [8.100+£0.023 ]9.83+0.47 |7.26+0.23 |32.07£0.47|3.37+0.16 |[2.79+0.19
ST-9-12 [11.9+1 86.4+1.7 [5.980+£0.021 |8.36+0.42 |6.48+0.21 [34.50+0.4212.76+0.12 |[2.09+0.15
1000 m-depth

ST-2 17.2+1.1 |154.742.2 |5.533+0.016 |10.63+0.31|6.88+0.31 [20.63+0.312.80+0.14 |[2.49+0.17
ST-3 13.9+1.1 |178.1£2.4 14.794+0.014 (9.56+0.42 |5.76+0.28 [18.14+0.281.98+0.11 2.74+0.17
ST-4 7.42+0.60 | 107.2+1.3 [2.926+£0.009 |5.37+0.17 |3.92+0.17 [11.34+0.17]1.212+0.073 é.720i0.09
ST-5 11.4+0.8 |106.9+1.5 [3.596+0.011 |7.81+0.23 |4.94+0.23 [15.28+0.231.512+0.084|1.8+0.11
ST-6 40.54+3.6 |464.6+£7.2 |24.823+0.072|32.6£1.4 [26.05+£0.72]70.2+1.4 11.65+0.51 [7.31+0.58
ST-7 4294+3.6 [536+8.9 |31.626+0.089(36.6+1.8 [33.06+0.89|82.2+1.8 15.81+0.63 [9.29+0.71
ST-8 38+2.8 379.945.6 |19.499+0.056 |29.0+1.1 24.58+0.56 | 60.9+1.1 8.88+0.22 |7.04+0.45
ST-9 36.2+2.8 |356.5+5.6 [16.834+0.056|26.0+1.1 23.16+0.56161.0+1.1 7.63+0.34 (5.71+0.45
ST-10 10.6£0.9 |124.9+1.9 [5.415+0.017 |8.48+0.35 |8.13+£0.17 [21.8£0.35 |2.42+0.10 |2.23+0.14
ST-11 18+1.5 168.242.4 |7.216£0.024 |13.91+0.49|12.19+0.24(30.96+0.4913.24+0.17 |3.36+0.23
ST-12 12.4+1.2 |129.842.2 [5.83+0.025 11.91+0.50(11.91£0.25133.25+0.5012.70+0.15 [2.48+0.23




Table ii.c. Element vertical fluxes (Cont’d).

Mass
g:r);ple Br () | (it [ St | Y et | S i)
200 m-depth
ST-2 52.05+£0.58 | 76.02+0.58 | 327.5£1.2 [ 10.76+0.35 | 62.6+3.0 |3.22+0.82| 2.75+0.23
ST-3 34.98+0.18 | 19.51+0.18 | 144.86+0.35[2.464+0.093 | 15.294+0.88 | 1.09+0.25 [ 0.423+0.052
ST-4 29.85+0.13 | 14.01+0.13 [122.04+0.26 [ 1.912+0.084 | 11.39+0.79 | 0.64+0.18 | 0.384+0.054
ST-6 183.0+1.2 103.2£1.2 | 647.2+1.2 | 21.86+0.61 | 165.8+6.1 | 10.3£1.7 | 1.354+0.25
ST-7 91.24+0.85 | 72.48+0.85 |381.16+0.85| 17.57£0.43 | 121.1+4.3 | 7.9£1.2 | 0.68+0.17
ST-8 30.43+£0.23 | 19.90+£0.23 | 114.71+0.23 [ 4.56+0.12 | 31.8+1.2 |1.66+0.33(0.420+0.073
ST-9-12 | 115.84+0.42 | 15.06+0.21 | 98.28+0.39 |2.572+0.085|16.52+0.84 | 1.07+0.25 | 0.560+0.062
1000 m-depth

ST-2 21.88+0.16 | 20.16+0.16 |100.03+0.31[2.863+0.093 | 16.57+0.78 | 1.30+0.22 | 1.393+0.082
ST-3 30.65+0.14 | 15.47+0.14 |121.48+0.28 [2.22140.084 [ 10.69+0.70 | 1.22+0.20 [ 0.761+0.064
ST-4 17.494+0.094 | 9.383+0.092 | 76.09+0.17 |1.252+0.054 | 6.14+0.51 [0.77+0.13]0.423+0.043
ST-5 26.66+0.11 | 11.26+0.11 [102.72+0.23 | 1.621+0.072| 9.19+0.69 |0.87+0.16 [ 0.470+0.052
ST-6 90.46+0.72 | 61.51+0.72 |337.244+0.72 | 14.18+0.36 | 113.64+3.6 |7.96+1.09( 2.10+0.22
ST-7 86.66+0.89 [ 76.83+0.89 |386.84+0.89| 18.67+0.45 | 135.8+4.5 | 8.0+1.3 | 1.61+£0.27
ST-8 72.07£0.56 | 49.72+0.56 |294.43+£0.56 | 10.22+0.28 | 67.0+£2.8 |4.19+0.78 | 1.17+0.17
ST-9 97.16+0.56 | 44.06+0.62 |278.53+0.56 8.47+0.23 | 42.9+2.8 |2.32+0.79(0.282+0.062
ST-10 33.74+0.17 | 14.36+0.17 | 104.67+0.35[2.774+0.091 | 17.47+0.87 | 1.04+0.22 [ 0.330+0.054
ST-11 103.37+£0.49 | 19.75+0.24 | 128.08+0.24| 3.24+0.12 [22.194+0.98 [ 1.58+0.320.561+0.072
ST-12 325.26+0.74 | 17.12+0.25 [117.10+£0.25| 2.28+0.14 |15.13+0.990.99+0.27|0.472+0.073




Table ii.d. Element vertical fluxes (Cont’d).

iﬁ;gu" (ugmd) [Ba (ugina)| (8 6P (ugind) | Th (ugin®d) | U (ugl
200 m-depth
ST-2  [28.66+0.58| 1737418 | 11018 | 28.1223 | 30.41£0.58 | 5792035 N.M.
ST-3 | 15.8240.35| 84.03£0.70 | 3.69£0.70 | 9.84£0.91 | 10.20£0.18 | 1.67+0.10 |0.3114 £0.0028
ST-4 14.4£0.26 | 8247065 | 3.7320.64 | 733084 | 7.98£0.13 |129640.078 |  NM.
ST-6 68.812 | 4421437 | 182436 | 414245 | 418272 | 95840.61 | 2.02420.099
ST-7  |58.84£0.85| 313.002.6 | 217426 | 33.8£32 | 28.142085 | 648043 | 1467£0.014
ST-8  [27.16£0.47[104.88£0.94 | 5.8120.89 | 11.4£12 | 7492023 | 2.0120.14 |0.4178 £0.0038
ST-9-12 29484042 67126063 | - | 295:0.65 | 6.69£021 | 1.59£0.12 |0.3093£0.0017
1000 m-depth
ST-2 | 15.94£0.31 | 71.41£0.65 | 4.86£0.64 | 9.57+0.84 | 9.22£0.16 | 1.94£0.11 NM.
ST-3 | 13.64£0.28 | 81.7320.73 | 3.67£0.59 | 6.78+0.76 | 8.30£0.14 | 1.561£0.098 |0.2521 +0.0023
ST4 | 9812017 | 61.83+0.54 | 3.1240.50 | 5562065 | S 10150060 | NM.
ST-5 | 11.9540.23 | 76.100.62 | 3.77£0.55 | 5.06£0.69 | 5.7420.12 [ 1.114£0.069|  N.M.
ST-6 [31.84£0.72| 277.9822 | 146222 | 31.9£2.8 | 26.05£0.72 | 5.71£0.43 |1.2335+0.0058
ST-7  [34.84:0.89| 337.762.7 | 18228 | 36335 | 30382089 | 7.15£045 | 1429£0.014
ST-8  [34.08£0.56| 2341517 | 103217 | 20.2£2.1 |21.7920.56 | 5.02820.28 |0.9658 £0.0090
ST-9  [31.63+0.56| 196.1£1.7 | 9.3+1.8 | 87420 |2147£0.56 | 3.73£0.28 |0.9901£0.0091
ST-10 | 13.6740.35| 92.72£0.70 | 2.32£0.59 | 3.86£0.76 | 7.09£0.17 |1.246£0.086|  N.M.
ST-11 {17.074049| 106.541.0 | 2.54£0.73 | 7.8£1.0 | 975024 | 2.1420.15 N.M.
ST-12 [18.1140.25| 1054510 | 3374077 | 59410 | 893025 | 2080.17 |  NM.







