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44  Abstract

45  Characterizing physico-chemical properties of dust-emitting sediments in arid regions is fundamental
46  to understand the effect of dust on climate and ecosystems. For high-latitude dust (HLD), this
47  knowledge is scarce. This study focuses on the particle size distribution (PSD), mineralogy, cohesion,
48  iron (Fe) mode of occurrence and Visible Near Infra-Red (VNIR) reflectance spectra of dust-emitting
49  sediments from dust-hotspots in Iceland (HLD region). Extensive analysis was conducted on top
50 sediments collected from seven dust-sources and an intensive at Jokulsd basin including top
51  sediments, sediments and aeolian ripples. Fully and minimally dispersed PSDs evidenced remarkable
52  similarities with an average median diameter of 56+69 and 5562 um. Mineralogical analyses showed
53  the prevalence of amorphous phases (68+26 %), feldspars (17+13 %), and pyroxenes (9.3+7.2 %),
54  aligned with the reflectance spectra. Fe content reached 9.5+0.40 wt %, mainly in silicate structures
55  (80%6.3 %), complemented by magnetite (16+5.5 %), hematite/goethite (4.5+2.7 %), and readily
56  exchangeable Fe-ions or Fe nano-oxides (1.620.63 %). Icelandic top sediments have coarser PSD
57  compared to the high dust-emitting crusts from mid-latitude arid regions, distinctive mineralogy, and
58  threefold bulk Fe content, with a large presence of magnetite. The congruence between fully and
59 minimally dispersed PSDs underscores a reduced particle aggregation and cohesion of Icelandic top
60  sediments, suggesting that aerodynamic entrainment of dust may also play a role upon emission in
61  this region, aside of saltation bombardment. The analysis of an extensive sampling in Dyngjusandur
62  allowed this study to present a conceptual model to encapsulate Iceland's rapidly evolving high dust-
63  emitting environments.
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86 1. Introduction

87 Dust particles created by wind erosion of arid surfaces can traverse considerable distances, spanning
88  continents and oceans, and influencing the Earth's climate (Kok et al., 2023). The impact of dust on
89 climate and the environment strongly depends upon its shape, particle size distribution (PSD) and
90  composition, which to a large extent are determined by its associated source of sediments (Kok et al.,
91  2023). While most of the dust is produced in hot, arid, subtropical sources like the Sahara, and most
92  studies have concentrated on these regions, but dust produced in cold high-latitude environments,
93 defined as dust emitted from latitudes > 50° N and > 40° S, receives increasing attention due to its
94  regional and potentially global significance (Bullard et al., 2016; Meinander et al., 2022). High-latitude
95 dust (HLD) is emitted from regions as Iceland, Greenland, Svalbard, Alaska, Canada, Antarctica, New
96  Zealand, and Patagonia, and its physical, chemical and optical properties can differ strongly from those
97  of crustal dust produced in lower latitude sources, and affect, among other, atmospheric (Johnson et
98 al., 2010), marine (Jickells et al., 2005), and cryospheric (Oerlemans et al., 2009) processes.

99 Numerous geophysical processes, especially glacial and periglacial ones, occurring in high latitude
100 regions under current environmental conditions favor the emission of contemporary dust (Bullard,
101  2013; Bullard et al., 2016). Physical weathering of rocks by glaciers produces a vast amount of silt and
102  sand that is transported from underneath the glacial margins by glacial rivers (Palacios et al., 2022).
103  Atacertain point, these glacial rivers flow out from the glacier and form floodplains where the silt and
104  sand are deposited, enabling dust emission to the atmosphere by strong winds. Additionally, in active
105  volcanic regions, massive volumes of volcanic ash can be trapped by ice in glaciers across geological
106  history and be supplied as sediment to the glacial rivers upon melting. Such regions are common in
107 Iceland, and include Dyngjusandur, Skeidararsandur, Mzlifellssandur and Myrdalssandur (Arnalds et
108  al., 2001). In Iceland, active volcanoes erupt every 3-5 years, depositing thick layers of tephra ranging
109  from millimetres to centimetres (Arnalds et al., 2016). This process has the potential to lead to the
110  formation of new dust sources when new basalt fields obstruct river flows and create ephemeral lakes.
111  All these processes together make Iceland one of the most active dust hotspots in the world, with
112 >20,000 km? of sandy deserts (=20 % of Iceland) exposed to aggressive aeolian activity releasing
113 millions of tonnes of dust to the atmosphere (Arnalds et al., 2016; Baldo et al., 2020). Icelandic dust is
114 emitted, transported and deposited over land, sea, and ice of the North Atlantic, covering areas in
115 Iceland, north-western Europe, north-eastern America and Greenland (Arnalds et al., 2014; Baldo et
116  al., 2020). Icelandic dust can reduce surface albedo and either increase or decrease melting of glaciers
117  and ice caps via deposition depending on the deposited layer thickness (Dragosics et al., 2016;
118 Wittmann et al., 2017; Moller et al., 2016, 2018). Icelandic dust is also rich in iron (Fe) (e.g. Arnalds et
119  al., 2014), which depending on its mode of occurrence can exert different climate and ecological
120 effects. Fe-oxide minerals strongly absorb solar radiation (Formenti et al., 2014; Engelbrecht et al.,
121 2016; Di Biagio et al., 2019; Zubko et al., 2019), potentially contributing to direct radiative effects in
122  the Arctic (Kylling et al., 2018). The deposition of soluble Fe from Icelandic dust to the ocean can
123  impact Fe biogeochemistry and primary productivity in the subpolar North Atlantic Ocean, which is
124  seasonally Fe limited (Arnalds et al., 2014). Icelandic dust can also be a sporadically important source
125  of ice-nucleating particles (INP) at mid to high latitudes (Sanchez-Marroquin et al., 2020; Shi et al.,
126  2022), relevant to the cloud-phase climate feedback (Murray et al., 2021).

127 Desert dust can also affect air quality, and accordingly human health (Goudie & Middleton, 2006; De
128 Longeville et al., 2010; Karanasiou et al., 2012; Pérez Garcia-Pando et al., 2014). Thorsteinsson et al.
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129  (2011) reported ambient concentrations of atmospheric particulate matter (PM) <10 um (PMyo) higher
130  than 100 pg/m?3, on a 30 min basis, during various dust storms in Reykjavik, with dust transport from
131  the Landeyjarsandur area (100 km ESE of the capital). Dagsson-Waldhauserova et al. (2016) reported
132 mean 5 minutes averages PMi, and PM; levels of 158-583 and 97-241 pg/m3, respectively at
133 Landeyjarsandur, and 7-486 pg/m3® PMi, at Hagavatn (both major dust hotspots). Dagsson-
134  Waldhauserova et al. (2015) reported similar PMyo levels in Reykjavik, but higher in
135 Kirkjubaejarklaustur (up to 6500 pg/m?3, 1 min basis).

136  Dyngjusandur, Dyngjuvatn, Hagavatn, Mgeelifellsandur, Myrdalssandur, Landeyjarsandur and
137  Skaftarsandur (Figure 1) are the most active dust emission areas in Iceland (Arnalds, 2020). The
138  emission of dust in these regions depends on the season. In the long cold periods, the snow cover
139  prevents dust emissions (Arnalds, 2010). After thawing, the soils have too much moisture to be able
140  to emit; nonetheless, during summer (mostly August) there is a higher probability for dust emission,
141  especially in inland areas, such as Dyngjusandur (Figure 1), where the periodic passage of fronts from
142  the Arctic and low pressure systems are common and are associated with high winds, generally
143 between 5 and 15 m/s, with peaks of up to 30 to 50 m/s, 10 m height (Einarsson, 1984, Olafsson et al.,
144 2007).

145  Glaciofluvial sediments in Iceland may exhibit distinct particle size characteristics. Samples collected
146 in Dyngjusandur, Hagavatn, Landeyjarsandur, Maelifellsandur, Myrdahlsandur, and Sandkluftavatn
147  generally display unimodal distributions with a notably diverse profile, featuring average diameters
148 ranging from 20 to 98 um (Meinander et al., 2022). Icelandic dust is mostly made up of basaltic
149  particles (Baratoux et al., 2011; Thorpe et al., 2019). The dust emitting sediments mainly consist of
150  volcanic glass (up to 80-90 %, except for some dust hotspots, such as Hagavatn, with <40 %), with
151 minor proportions of anorthite (0-20 %), augite (0-10 %), and traces of forsterite, microcline, Ti-
152  magnetite and quartz (Baldo et al., 2020). Wada et al. (1992), reported the occurrence of plagioclase,
153  augite, halloysite, allophane and imogolite in sediment samples at Thingvallasveit, Myrdalur,
154 Biskupstungnaafrettur and Godafoss; while Thorpe et al. (2019) that of plagioclase, augite, olivine,
155  volcanic glass and secondary minerals in soil samples at Hvita. Baratoux et al. (2011) reported that
156  dust near Dyngjusandur was made up of 80-90 % of volcanic glass, and traces of pyroxene, olivine and
157  plagioclase, and that from Lambrahaun was made up of 0-20 % of volcanic glass with very high
158 plagioclase and olivine contents. Dagsson-Waldhauserova et al. (2015) showed that a deposited dust
159 sample from a top snow layer in Reykjavik reflected the major basaltic composition of the source
160 lands, with mean values of 40-50 % SiO,, 14-20 % Al,0s, 8-16 % Ca0, 2-4 % Na,0 + K;0, 4-9 % MgO,
161 10-17 % FeO and 0.8-5 % of TiO,, which is in concordance with that of PMi, and PMy, obtained by
162 resuspension of sediment samples in a chamber (Baldo et al. 2020). Dagsson-Waldhauserova et al.
163  (2015) also showed that deposited dust from Mzelifellsandur and Skeidararsandur were similar in
164 composition, with 42-45 % SiO,, 14-15 % Al,03, 11-12 % CaO0, 4.0-4.1 % Na,0 + K;0, 4.9-6.2 % MgO,
165  14-17 % FeO and 3.5-5.6 % of TiO,.

166  Several atmospheric modelling studies have already attempted at representing HLD (Thorsteinsson et
167 al., 2011; Groot Zwaaftink et al., 2017; Beckett et al., 2017; Cvetkovic et al., 2022; Meinander et al.,
168  2022). However, the inclusion of HLD in Earth system models is only at its early stages (Shi et al., 2022),
169  anditis currently a challenge. While the fundamental processes governing aeolian dust emissions in
170 HLD should be broadly consistent with those in temperate regions, many HLD source regions exhibit
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171  additional or amplified processes unique to their environment. These include the highly dynamic
172 nature of many of its sources, their potential expansion driven by glacier melting and retreat in a
173  warming climate (Meinander et al., 2022), the emission mechanisms and its distinct physicochemical
174 properties. Currently, there is a lack of information on the PSD and mineralogy of dust sources to feed
175 model simulations of emission and transport of dust for climate and environmental impact assessment
176 (Laurent et al., 2008; Perlwitz et al., 2015a and b; Kok et al., 2021). This is especially evident for HLD,
177  where dust observations are scarce (Cvetkovic et al., 2022) and mineralogical maps for dust modelling
178 are not available (Claquin et al., 1999; Journet et al., 2014; Green et al., 2020). Specifically, the size
179  and mode of occurrence of Fe require investigation (Mahowald et al., 2005). It is known that
180 hematite/goethite increases the radiative forcing of dust whereas nano Fe-oxides and easily
181  exchangeable Fe might increase the fertilising effect of dust in ocean and terrestrial ecosystems (Baldo
182 et al.,, 2020). However, magnetite has different wavelength-dependent optical properties than
183 hematite/goethite (Matsui et al., 2018), and for Icelandic dust it might be the principal contributor to
184  itsradiative absorption effect on climate. Also, the high proportions of volcanic glass can influence the
185  radiative forcing of Icelandic dust (Baldo et al., 2023). All in all, there is a pressing need for an improved
186 understanding of the formation and distribution of sediments in HLD hotspots, encompassing an in-
187  depth examination of their compositional and physical attributes. Specifically, a characterization of
188  the PSD, mineral composition, the mode of occurrence of Fe and Visible Near Infra-Red (VNIR)
189 reflectance spectral signatures is essential for accurate representation of HLD sources and the
190  associated dust effects in forthcoming Earth System models. The analysis of both minimally disturbed
191  PSD (MDPSD) and fully disturbed PSD (FDPSD) can further help in understanding the degree of particle
192  aggregation and sediment cohesion (Gonzéalez-Romero et al., 2023), which should contribute towards
193  understanding and constraining dust emission schemes in these regions.

194  This study aims at investigating the major patterns of sediments and processes that account for the
195  high dust emission in Dyngjusandur (Figure 1), one of the most active dust emission areas in Iceland
196  and, more generally, in HLD sources. The major focus is to understand the geological controls for
197 sediment accumulation, while characterizing the mineralogical composition, PSD, mode of occurrence
198  of Fe, degree of cohesion and VNIR reflectance spectra of the dust-emitting sediments in the Jokulsa
199 & fjollum basin from Vatnajokull (front of the glacier) to Holuhraun (lava field in the middle of the
200 basin) and towards the sea (Figure 1). As a result, a conceptual model for the accumulation of fine-
201  grained sediments and dust emission in the region is elaborated. Additionally, the analysis of samples
202  from other prominent Icelandic dust sources, including Dyngjuvatn, Hagavatn, Landeyjasandur,
203 Melifellsandur, Myrdalssandur and Skaftarsandur (Figure 1), are used to evaluate to what extent
204  sediment properties differ across Icelandic dust-hotspots. Finally, the properties of Iceland's dust
205  emitting-sediments are compared with those from a hotspot recently analysed with the same
206  techniques in the Moroccan Sahara (Gonzalez-Romero et al., 2023).

207 2. Methodology

208 2.1 FRAGMENT field campaigns

209  This study is part of the FRontiers in dust minerAloGical coMposition and its Effects upoN climaTe
210  (FRAGMENT) project. FRAGMENT has performed a set of coordinated and interdisciplinary field
211  campaigns over remote dust sources in Morocco (2019), Iceland (2021), United States (2022) and
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212  Jordan (2022). The project aims to better understand and quantify the properties of dust-source
213  sediments and their relationship to the properties of the emitted dust, evaluate and improve ongoing
214  spaceborne spectroscopy retrievals of surface minerals and improve the Earth system model
215 representation of dust mineralogy. The FRAGMENT campaigns in Morocco, Iceland and Jordan
216  included detailed regional sediment sampling along with an intensive wind erosion and dust emission
217 intensive measurement campaign in one location (e.g., in Morocco, see Gonzalez-Romero et al., 2023,
218 Gonzalez-Florez et al., 2023; Panta et al., 2023; Yus-Diez et al., in prep/in submission 2023). The
219 FRAGMENT campaign in the US included sediment sampling only.

220  This study reports the results from the sediment sampling carried out in the Dyngjusandur basin and
221  other dust emission hotspots in Iceland. The intensive wind erosion and dust emission field campaign
222 took place in Dyngjusandur, 300 m away from the newest parts of the Holuhraun lava field, where
223  Jokulsa water flow is accumulated after flash floods, creating an endorheic lake. The results of the
224 intensive field campaign will be presented in forthcoming studies.

225 2.2 Study site

226 In northern Iceland, in the Jokulsa & Fjollum basin, Dyngjusandur has been reported as the largest and
227 most active dust-emitting area by Arnalds et al. (2010) (Figure 1). The glacier Vatnajokull is the source
228  of sand, silt and clay size particles that are transported northwards through the Jokulsa a Fjollum river
229  and tributaries as Kreppa, Arnardalsa and Skardsa, to the sea (Figure 1). The Bardarbunga eruption
230  and the Holuhraun lava field cut the basin flow 16 km away from Vatnajokull, forming the ephemeral
231  Dyngjusandurvatn lake (referred in this study as Dyngjusandur), which is affected by flooding
232 recurrently every summer (Figure 1). The ponded waters are filtered through the Holuhraun lava field,
233  connecting again after the lava field with the Jokulsa a Fj6llum river (Arnalds et al., 2016), and allows
234  the deposition of fresh sediments at Dyngjusandur, which can emit dust under favourable conditions.
235  Sediment samples were collected along the river to characterise the variability of the particle size and
236  composition of sediments from the Vatnajokull moraine itself (front moraine) down to the sea (Jokulsa
237 & Fjollum basin), with an exhaustive sampling that aimed to better characterise sediments from this
238  dust-emission hotspot, located in the surroundings of the Dyngjusandur lake, before the Holuhraun
239  lava field (Figure 1). Furthermore, other dust-emitting sediments were collected in different hotspot
240  sources around Iceland, including Dyngjuvatn (an endorheic lake near the Jékulsa a Fjollum basin but
241  not connected to it and not to be confused with Dyngjusandur), Hagavatn (an ephemeral lake where
242 sediments pond, sediment and sort), Skaftarsandur (riverine sediments near the sea coast),
243  Landeyjarsandur (riverine sediments that flow towards the ocean and deposit), Melifellsandur (a river
244  that surrounds the glacier and contributes with fresh sediment) and Myrdalssandur (riverine
245  sediments on a wide riverbed) (Figure 1).

246 2.3 Sampling

247  The samples collected are representative of surfaces that can be found in the dust-emitting and sandy
248  areas over Iceland. These include the top first centimetre (top sediment in this study) of freshly
249  deposited sediments from dust-emission hotspots, underlying sediments (fluvial sediments in this
250  study), and aeolian ripples found near and around these hotspots (Figure 2). We used a metallic
251  shovel, the same as in Gonzalez-Romero et al. (2023), of about 5 cm? and 2 cm height to sample, and
252  we also noted coordinates, photos of location and area and characteristics of the sample. Samples
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253  were stored in plastic bags and transported to the laboratory. Once in the laboratory, samples were
254  dried for 24-48 h at 50 °C and riffled into smaller equal and homogeneous sub-samples for further
255  treatments and analysis.

256 2.4 Analyses

257 2.4.1 Particle size distribution

258 Particle size distributions (PSDs) were analysed through fully dispersed (natural aggregates totally
259  dispersed, as much as possible through a dispersion shaking) and minimally dispersed methods
260  (natural aggregates minimally dispersed, dry measurements) according to Gonzalez-Romero et al.
261  (2023). A coarser minimally dispersed PSD would indicate high aggregation, while similarity between
262  the minimally and totally dispersed PSDs would indicate a low aggregation of particles in dust-emitting
263 sediments; this has key implications for the mechanisms of dust emission. In both cases, PSDs were
264  determined by laser diffraction with a Malvern Mastersizer 2000 Scirocco and a Hydro G accessories,
265  for minimally and fully dispersed conditions, respectively. In the totally dispersed conditions, we
266  followed the procedure presented in Sperazza et al. (2004).

267 2.4.2 Mineralogical composition

268  X-Ray Diffraction (XRD), coupled with the Rietveld method, has been increasingly used as a fast and
269  reliable method to evaluate the content of the crystalline and amorphous phases in inorganic
270 materials (Rietveld, 1969; Cheary and Coelho, 1992; Young, 1993 and Topas, 2018). Quantification of
271 mixtures via the Rietveld method is generally restricted to crystalline phases for which structures are
272 well known. However, the addition of a known amount of an internal standard material allows the
273  quantification of any amorphous (non-crystalline) material in the mixture that has not been included
274  inthe model, in our case, volcanic glass (De la Torre et al., 2001; Madsen, 2001, Scarlett and Madsen,
275  2006; Machiels et al., 2010; Ibafiez et al., 2013). Sample preparation for quantitative mineralogical
276  analysis consisted of preliminary dry grinding of the samples in an agate mortar, mixed with a known
277  amount (10-20 %) of CaF, powder (Merck), as an internal standard to allow the determination of
278  amorphous contents, and finally dry grounded again to reduce the grain size distribution and
279 homogenise the mixture. The analysis was carried out by a Bruker D8 A25 Advance powder X-ray
280  diffractometer equipped with a LynxEye 1D position sensitive detector, monochromatic Cu Ka
281  radiation (A =1,5405 A) operating at 40 kV and 40 mA. The diffractograms were recorded by scanning
282  from 42 to 12092 of 26 with a step size of 0.0152 and a counting time of 1s/step maintaining the sample
283  in rotation (15/min). The mineral identification was performed by searches and comparisons of the
284 patterns from International Centre for Diffraction Database (ICDD, PDF-2) using DIFFRAC.EVA software
285  package (Bruker AXS). The quantitative analysis of the mineral phases was carried out by Rietveld full-
286  pattern analyses performed with the TOPAS 5 software (Bruker AXS), which uses least-square
287 procedures to minimise the differences between the observed and calculated diffractograms. The
288  abundances of the crystalline and amorphous phases were normalised to 100 %wt (weight
289 percentage). The quality of the fitting was evaluated by visually comparing the observed and
290 calculated diffractograms to achieve a realistic model and checking the residual factors (Rs, Rwp, Rexp)
291  and goodness of fit (GOF) calculated by the TOPAS model (Rietveld, 1969; Toby, 2006).



https://doi.org/10.5194/egusphere-2024-157
Preprint. Discussion started: 22 January 2024 EG U h
© Author(s) 2024. CC BY 4.0 License. spnere

292 2.4.3 Mode of occurrence of Fe

293 The samples were subjected to a series of sequential extractions (Figure S1) aimed at quantifying the
294 content of Fe, including readily exchangeable Fe, hematite and goethite, magnetite, as well as, Fe
295 bearing minerals and volcanic glass. Initially, a portion of each collected sample was subject to
296  duplicate acid digestion using a specialised two-step acid digestion method (Figure S1a) (Querol et al.
297 1993, 1997). This process was employed to ascertain the total Fe content. To validate the accuracy of
298  the analytical and digestion methods, reagent blanks and the standard reference materials NIST SRM
299 1633b (FA) were also subject to digestion. The determination of readily exchangeable Fe ions and
300 nano Fe-oxides, the quantification of crystalline Fe-oxides as hematite and goethite, and the
301  assessment of crystalline magnetite, were all conducted using the laboratory-based sequential
302  extraction method described by Shi et al. (2009) and Baldo et al. (2020). The initial sequential
303  extraction step involved combining 30 mg of the sample with 10 ml of the first extractant solution
304  (ascorbate solution as described in Figure S1b). The mixture was agitated for a period of 24 hours in a
305  light-controlled environment and subsequently filtered. Following this, another 30 mg of the same
306  samples underwent leaching with 10 ml of the second extraction solution (dithionite solution as
307  described in Figure Sic), with 2 hours of shaking under in a light-controlled environment, followed by
308 filtration. The solid residue resulting from this latter extraction was once again leached in a light-
309 controlled environment, this time using 10 ml of a third extraction solution (oxalate solution as
310  described in Figure S1d) and was shaken for a duration of 6 hours before undergoing another filtration.
311  The quantification of the dissolved Fe in each of the three solutions, as well as the bulk acidic digestion,
312  was performed using Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-AES).

313  The bulk Fe content is referred to as FeT. The Fe that is the extractable from the initial leaching process
314  is denoted as FeA, representing the Fe that is readily exchangeable, as well as the Fe present as nano
315 Fe-oxides. The Fe extracted from the second stage, minus FeA, is referred to as FeD, which
316  corresponds to the Fe content of goethite and hematite. Additionally, the Fe content of the third
317  extraction is referred to as FeM, equivalent to the Fe magnetite content. The sum of FeD and FeM is
318  equivalent to the total Fe present in crystalline Fe-oxides. Finally, the FeT minus the sum of FeA, FeD,
319 and FeM is designated as FeS, representing the content of structural Fe or Fe incorporated within the
320  structure of other minerals, such as pyroxenes, other Fe-bearing minerals, and volcanic glass.

321 For quality control purposes in each laboratory-based sequential extraction, 30 mg of the Arizona Test
322 Dust (ATD; I1SO 12103-1, Al Ultrafine Test Dust; Powder Technology Inc.) was subject to the same
323  extraction procedure. The averaged Fe content of the reference material 1633b was found to be
324  7.6120.5 % (certified 7.8 %). Furthermore, the average values of the sequential Fe extraction of the ATD
325  reference material were 0.062+0.005, 0.45+0.01, and 0.042+0.002 % for FeA, FeA+FeD and FeM,
326 respectively, while the certified contents are 0.067, 0.48, and 0.047 %, respectively.

327 2.4.4 Scanning electron microscopy

328  Particles from sediment samples were deposited on graphite stubs and sputter coated with C for size,
329  morphology, mineralogy, and aggregate evaluation analysis with a JEOM JSM-7001F SEM-EDX
330  Scanning Electron Microscope (SEM).

331
332
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333 2.5 In-situ and airborne VNIR spectroscopy

334 Reflectance spectra were measured at 17 sampling locations before and after sample collection using
335  an ASD Fieldspec 3 with contact probe attachment. This instrument measures wavelengths 350-2500
336 nm with spectral resolutions of 3 nm at 0.7 um and 10 nm at 1.4 and 2.1 um. Spectra are measured at
337 1.4 nm sampling for wavelengths 0.35-1.0 pm and 2 nm for 1.0-2.5 um but are internally resampled
338  and output with 1 nm spacing. All measurements are relative to Spectralon and corrected for the
339 known reflectance properties of Spectralon. While we measured the subsurface after sampling, we
340  did not use those measurements as the soils were too saturated to see the mineralogy well. Surface
341  spectra are reported and compared with spectral libraries and the literature (e.g., Kokaly et al., 2017),
342  and band depths (Table S1) were calculated for key absorption features following the methods of Clark
343  and Roush (1984).

344  Additionally, airborne imaging spectrometer (AVIRIS) data operated by NASA/JPL was acquired at the
345  Jokulsa a Fjollum basin, from the glacier down to Holuhraun lava field during the field campaign. Three
346  AVIRIS scenes with 224 contiguous channels of 10 nm and a wavelength range of 0.35-2.5 um were
347  used to map spectral reflectance characteristics with the expert Tetracorder system (a modified
348  absorption band-shaped comparison technique between obtained data and a library reference
349  spectrum, Clark et al. 2003, 2023). The AVIRIS raw data were calibrated to radiance, ratioed to the
350  solar spectrum and the atmospheric scattering and absorptions were removed to derive apparent
351  surface reflectance (Thompson et al. 2019 and or Brodrick et al. 2021). The AVIRIS reflectance image
352  cubes were mapped with tetracorder, which analyzed the spectra for hundreds of minerals, mineral
353 mixtures, coatings, vegetation, man-made materials and other compounds. Tetracorder analyses
354  different spectral regions for different compounds. While some minerals have unique spectral
355  features (e.g., hematite, pyroxene), others have broadly-overlapping absorption features and only
356 categories can be determined, e.g., Fe?* bearing mineral.

357 3. Results and discussion

358 3.1 Particle size distribution

359 3.1.1 Particle size distribution in the Jokulsd a Fj6llum basin
360  The PSD of the sediments collected were analysed and the obtained minimally dispersed particle size

361  distributions (MDPSD, i.e., near-natural aggregation state) and fully dispersed particle size
362  distributions (FDPSD, i.e., aggregates completely dispersed) were compared to evaluate the state of
363 particle aggregation in dust-emitting sediments. Jokulsd & Fj6llum basin includes Dyngjusandur
364  (approximately 14 to 18 km away from the Vatnajokull glacier, see in detail in 3.1.2).

365  Both the MDPSD and FDPSD of the three types of sediments (top surface, fluvial and aeolian ripples)
366  are characterised by left-skewed log-normal PSDs. PSDs of top sediment, fluvial sediments and aeolian
367 ripples differ considerably, with an increasingly coarser PSD (Figure 3). The mean of the median
368  diameters (mean median) from the FDPSDs of all samples types collected in the Jokulsa & Fjollum basin
369  was 133+174 pum [6.8,738, minimum and maximum], while that of MDPSDs reached 107+129 pm
370 [6.4,502], indicating the variability of particle sizes. FDPSDs of top sediments had a much finer mean
371  median diameter (31+15 um) compared to the other type of samples: 102+91 and 354+203 um for
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372  fluvial sediments and aeolian ripples, respectively (Table 1). Similar results, in absolute and relative
373  values, were obtained for MDPSDs for all types of samples (Table 1).

374  The mean median diameter along the basin (from the glacier to the sea) of top sediments clearly
375  decreases, from 76 um for FDPSD and 52 um for MDPSD close to the moraine, down to 12 um for
376 FDPSD and 11 pum for MDPSD just before the Holuhraun lava field (Figure 4) due to size segregation
377  during ponding and sedimentation of high sediment load water at Dyngjusandur. After the Holuhraun
378 lava field the mean median diameter of the top sediments increases again to up to 47 um for FDPSD
379  and 41 um for MDPSD, due to sediment input from tributary channels of the Jokulsa river, and then
380  decreases again, down to 29 um for FDPSD and 27 um for MDPSD, near the sea (Figure 4). For fluvial
381  sediments and ripples there are not enough samples, and the decreasing trend was not observed.

382  The analyses show similar results for MDPSD and FDPSD for samples with relatively finer mean median
383  diameters. However, and unexpectedly, MDPSD were finer than FDPSD samples for coarser mean
384  diameters. It is hypothesised that this might be due to the presence of pumice low-density particles,
385 fragile and easy to break into smaller light particles, which float in water, and therefore not detected
386 by the laser diffractometer in the case of the FDPSD, while the dry method used for obtaining the
387  MDPSD does not segregate pumice particles.

388  The mean diameter of the top sediments is reduced along the path from the glacier to the lava field.
389  Thisreduction occurs due to several factors. On the one hand, there is particle size segregation driven
390 by fluvial transport that carries sediment from the moraine to more distant areas. On the other hand,
391  vertical micro-segregation occurs during deposition at the ephemeral lake formed by the Holuhraun
392 lava field, which effectively acts as a natural dam. Because of this dam-like effect, sediment-laden
393  waters are temporarily impounded. Finer-grained top sediments gradually accumulate on top of the
394  coarser sediment layer deposited during the initial stage of the flooding-ponding-drying cycle. These
395  episodic events typically occur at intervals ranging from one to several days during the summer
396  season.

397  The water accumulated in this natural dam gradually permeates through the rocks and sediments and
398  subsequently flows through the Holuhraun lava field. These processes lead to sediment removal from
399  the water. This filtered water continues its course until it connects with tributary channels and the
400 segment of the Jokulsa & Fj6llum river that encircles the lava field. At this juncture, these sediment-
401 laden channels merge with clearer waters originating from the lava field post-filtration. Moreover,
402 beyond the lava field, the channels are typically incised, and flooding events are infrequent.
403  Consequently, the prevalence of fine-grained top sediments along this stretch, on the way to the sea,
404  israre. This reduction in fine sediment cover significantly diminishes the potential for dust emissions.
405  Once the water reaches the sea, sediment deposition leads to extensive mudflats adorned with top
406  sediments, where emission becomes more likely once again if conditions are favourable.

407 3.1.2 Particle size distribution at different Icelandic dust hotspots

408  The median FDPSDs of top sediments found in most Iceland's dust-emitting regions (Dyngjusandur,
409  Skaftarsandur, Landeyjarsandur and Melifellsandur) closely resemble the MDPSDs (Figure 5). This
410  underscores the limited degree of particle aggregation in these areas. However, in the cases of
411 Dyngjuvatn, Myrdalssandur and Hagavatn the FDPSDs and MDPSDs of top sediments differ slightly
412  (Figure5).

10



https://doi.org/10.5194/egusphere-2024-157
Preprint. Discussion started: 22 January 2024 EG U
sphere

(© Author(s) 2024. CC BY 4.0 License.

413

414  The mean median diameter of both the FDPSD and MDPSD for the 23 top sediments sampled across
415 Iceland is 5669 um [2.9,263, min., max.] and 5562 um [3.3,234], respectively. Notably, top
416  sediments from Myrdalssandur and Dyngjuvatn exhibit coarser mean median diameters, measuring
417 147+108 and 1461156 um for FDPSD, and 163192 and 100+£105 um for MDPSD, respectively. These
418  diameters are more than two times coarser than the overall Iceland mean median diameter (Table 2).
419  Conversely, Skaftarsandur, Melifellsandur and Landeyjarsandur show mean median diameters that
420  are similar those of the average top sediments in Iceland (Table 2). On the other hand, the top
421  sediments from Dyngjusandur and Hagavatn (the largest dust hotspots associated with ephemeral
422 lakes) exhibit the finest mean median diameters, specifically 24+15 and 16+12 um for FDPSD, and
423 2441 and 26126 um for MDPSD, respectively. These diameters are approximately two times finer than
424 the average of top sediments in Iceland (Table 2).

425 Our results show a general lack of cohesion in the dust-emitting top sediments of Iceland sources, as
426  evidenced by the similar FDPSD and MDPSD results. As discussed in Section 4 and 5, this strongly
427  suggests that in addition to saltation, aerodynamic entrainment of dust without saltation as an
428  intermediate process is likely a complementary dust emission process in Iceland due to reduced
429  cohesive forces.

430 3.2 Mineralogy

431 3.2.1 Mineralogy at Jokulsa a Fjollum basin

432 Different sediments and locations of the Jokulsa & Fjollum basin were analysed to describe the
433  variability in the region and therefore explain probable mineralogic fingerprints important for dust
434  emission models. The results show that amorphous phase is the prevailing component of the samples
435  analysed (7911 %wt), being most probably volcanic glass and it’s nano sized weathering product
436  (hydrated amorphous Si-bearing). Also showed anorthite (11+6.6 %, a Ca-plagioclase, [Cao.ss-1Nao.0s-
437  o]ALSI,Os), augite (7.745.4 %, a pyroxene, [CayMg,Fe,l[Mg,iFe,1]Si,06), andesine (1.745.9 %, a
438  plagioclase, [Nags-0.7Ca05-03]Al:Si,0s), analcime (0.19+0.36 %, a Na-zeolite probably formed from the
439  devitrification of volcanic glass during weathering, Na[AlSi,O¢]-H,0), magnetite (<0.5 %, Fe,04) and Ca-
440 mordenite (<0.1 %, a Ca-zeolite, Cas[AlsSis0]0q6-28H,0) (Figure 6, Table S2).

441  The average composition of the top sediment samples comprises approximately 7512 % volcanic
442 glass, 11+7.4 % anorthite, 9.9t6.4 % augite, 3.6£8.1 % andesine, along with trace amounts of
443  0.26%£0.40 % analcime, 0.1610.34 % Ca-mordenite, and <0.5 % magnetite. Fluvial sediments and
444  aeolian ripples have similar (or slightly higher) content of volcanic glass (8012 and 86+4.7 %,
445 respectively), augite (6.6+4.0 and 4.8+1.7 %), and magnetite (<0.5 and <0.5 %). Anorthite is enriched
446  in fluvial sediments and aeolian ripples compared to top sediments (13%7.7 and 9.6+2.9 %,
447  respectively) and also analcime for the underlying fluvial sediments (0.23+0.43 %), with andesine and
448  Ca-mordenite contents being below the XRD detection limits in both the underlying fluvial sediments
449  and aeolian ripples (Figure 6, Table S2). The slight enrichment of fluvial sediments and aeolian ripples
450  in volcanic glass and the slight depletion in augite is likely due to the coarser particle size and the
451 prevalence of relatively large particles of high glass basalt with fine inclusions of crystalline minerals.
452  As these coarser particles break down into finer particles the occurrence of particles made of the
453  crystalline inclusions might increase. Thus, the finer top sediments might be slightly enriched in these
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454 crystalline fine minerals (and slightly depleted in glass) in comparison to the coarser underlying fluvial
455  sediments and aeolian ripples.

456  The mineral composition of fluvial sediments is very homogeneous across the Jokulsd a Fjollum basin;
457 however slight differences were observed for top sediment samples before and after the natural dam
458 of the Holuhraun lava field (Figure S2, Table S2). Before the natural dam, top sediments are enriched
459 in volcanic glass relative to those between the Holuhraun lava field and the sea (82+2.2 and 60+9.5 %,
460 respectively). Furthermore, after the Holuhraun field, andesine, traces of Ca-mordenite and hematite
461  are detected (11+11, 0.48+0.46, and <0.5 %, respectively). For fluvial sediments we observe similar
462  trends with volcanic glass enrichment before the Holuhraun lava field (85+2.9 and 51+18 %) and
463  minerals as andesine (16118 %), forsterite (Mg,Si0.) (2.8 %, 1 sample) and analcime (0.25 %, 1 sample)
464  being detected only after the Holuhraun lava field (Table S2). No trends were found for ripples due to
465  a lack of samples after the Holuhraun lava field. These differences are probably due to the different
466  source areas for pre- and post- Holuhraun lava field samples.

467 Reflectance spectra of aeolian ripples (Figure 7a) have broad electronic transitions due to Fe?* with a
468 minimum at ~1.05 pum. Most spectra also have an inflection indicating a second electronic transition
469  of Fe?* at ~2 um (e.g., Burns, 1993). These spectra also have vibrational absorption features, with
470  combination bands of H,O at 1.91 um and Si-OH and/or Al-OH at 2.2 um (e.g., Clark et al., 1990).
471  Overall, spectra are consistent with volcanic glass (Bell et al., 1976; Horgan et al., 2014) with possible
472 minor contributions of pyroxene (e.g., Cloutis and Gaffey, 1993) and weak hydration, likely mostly
473  from a hydrated amorphous silica product such as hydrated basaltic glass, allophane, imogolite, or
474 opal (e.g., Anderson and Wickersheim, 1964; Goryniuk et al., 2004; Rampe et al., 2012).

475  Spectra of top sediments are more variable (Figure 7b). All have broad Fe?* electronic transitions
476  centred at 1.00-1.05 um likely due to volcanic glass and pyroxene, as in the aeolian ripples. Most lack
477  an electronic transition near 2.0 um, although one sample from a floodplain appears to have a weak
478  feature. All spectra have H,O combinations at 1.91 um, and most have OH overtones at 1.41-1.44 um
479  (e.g., Clark et al., 1990). Other than from a few places on the moraine, all top sediments spectra also
480  have narrower features at 2.20-2.22 um, which are combination bands of Si-OH and/or Al-OH (e.g.,
481  Clarketa., 1990). One spectrum (#21) also has a weaker Fe(l11)-OH combination band at 2.29 um, seen
482  in hydroxylated Fe-bearing minerals such as Fe smectite clay or ferrihydrite (e.g., Bishop et al., 2008).
483  Spectra from three sites on the moraine have broader, deeper 1.4 and 1.9 um features, indicating that
484  the soil was wetter.

485  AVIRIS imaging spectroscopy data from the glacier to Holuhraun lava field, show the presence of water
486  inthe sediments (absorption features between 1 to 1.5 um), with clinopyroxene presence (absorption
487 features at 2-micron band), olivine, and Fe* bearing minerals, some of which may be Fe* in the
488  volcanic glass. These results are aligned with mineralogy from XRD and in-situ reflectance spectra
489  (Figure 8). In the main study areas, at AVIRIS scale, there are only trace to small local outcrops of
490 minerals as hematite, goethite, calcite, dolomite, chlorite/serpentine, gypsum, illite, muscovite,
491 montmorillonite, and vermiculite (Green et al., 2020). Some trace calcite is seen in Figure 8 and local
492  outcrops of chlorite/serpentine. The strong signatures of Fe?* bearing minerals in the dark soils and
493 rocks make it difficult to detect hematite and goethite unless the concentration is high enough for the
494 Fe3* absorptions to be stronger than Fe?* absorptions.
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495 3.2.2 Mineralogy of sediments from different Icelandic dust-emitting hotspots

496  The average composition of the top sediments from the Iceland’s dust-emitting hotspots is also
497  dominated by volcanic glass (68126 % wt), followed by anorthite, augite and andesine (1511 and
498  8.6%9.0 and 7.4+19 %), Fe-diopside (1.4+3.4 %, a pyroxene with a >50 % MgSiOs; and 45-50 % CaSiOs
499  composition), and traces of quartz (0.21+0.47 %), forsterite (0.61+1.7 %), wairakite (0.19+0.92 %),
500 analcime (0.11+0.28 %), Ca-mordenite (<0.1 %), magnetite and hematite (<0.5 and <0.5 %) and pyrite
501  (FeS,<0.5 %) (Figure 9, Table S3).

502 Volcanic glass content is higher at Dyngjuvatn, where top sediments are enriched in pumice, with a
503  contribution of 89+3.8 %, followed by 82+2.3 % at Dyngjusandur, 81+2.8 % at Malifellsandur, 75+8.9
504 % at Myrdalssandur, 68 % (1 sample) at Skaftarsandur and 38+3.9 % at Landeyjarsandur (Figure 9,
505  Table S3). At Hagavatn, however, the glass content reached only 13+14 %, with the mineralogy being
506  dominated by andesine (5311 %) and augite (29+3.8 %), with minor proportions of forsterite (4.7+1.3
507 %), hematite (<0.5 %) and magnetite (<0.5 %) (Figure 9, Table S3). Thus, in this case, the very high
508 content of crystalline phases indicates a sediment originating from a slowly cooled lava allowing a
509  widespread crystallisation of minerals from the melt.

510 A very similar mineral composition was found among top sediments from Mzalifellsandur,
511 Dyngjusandur, Skaftarsandur and Myrdalssandur, where the main content was volcanic glass with
512  some plagioclase and pyroxene species (Figure 9, Table S3). The highest content of volcanic glass was
513 found at Dyngjuvatn and the lowest content at Hagavatn. The occurrence of magnetite was higher at
514 Landeyjarsandur, Mzelifellsandur and Myrdalssandur, than in other dust-emitting hotspots, according
515  to XRD analysis. As seen in section (3.1.2), Hagavatn and Dyngjusandur’s top sediments have the
516  smallest particle size, coinciding with the lowest volcanic glass content, in the first case, but quite high
517  inthe second. Meanwhile Dyngjuvatn’s (pumice-rich) top sediments have the coarser particle size and
518  the highest volcanic glass content. Mzlifellsandur’s and Myrdalssandur’s top sediments have similar
519 mineral composition, but those of Myrdalssandur are coarser (near the river mouth) in particle size
520 compared to Mzlifellsandur (upstream near the glacier). Landeyjarsandur’s top sediments are similar
521 in particle size to the ones from Mzelifellsandur, but with half of the volcanic glass, and therefore with
522 more plagioclase and pyroxene.

523  Compared to Baldo et al. (2020), who analysed PM1o mineralogy sampled in laboratory resuspension
524  of Icelandic sediments, samples for the current study are very similar for Hagavatn, Mzlifellsandur
525  and Dyngjusandur, meanwhile for Landeyjarsandur and Myrdalssandur the present results are lower
526  for volcanic glass and so, higher for pyroxene and plagioclase. Baratoux et al. (2011) found a similar
527 mineral composition of sediments from eolian ripples at Dyngjusandur, with predominance of volcanic
528  glass (80-90 %). Moroni et al. (2018) found that the mineral composition of glaciofluvial sediments
529  was dominantly volcanic glass in Dyngjusandur, Myrdalssandur and Malifellsandur, with lower
530 proportions of plagioclase and pyroxene.

531 3.3 Mode of occurrence of Fe

532 3.3.1 Mode of occurrence of Fe at Jokulsa & Fj6llum basin

533 Iron speciation in dust-emitting sediments and surfaces control the amount of iron in the emitted dust
534  and therefore the effect in ocean and terrestrial ecosystems and climate. The average of FeT content
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535 inthe dust emitting sediments of the Jokulsa a Fjollum basin is 9.5+0.40 %wt (Table S4). Top sediments
536  as well as underlying fluvial sediments and eolian ripples exhibit similar average FeT contents with
537 values of 9.5+0.39 %, 9.5+0.43 %, and 9.4+0.41 %, respectively (Figure 10, Table S4). FeS, which
538 represents structural Fe found in volcanic glass and certain Fe-bearing crystalline species, constitutes
539 for the majority of FeT content, accounting for 80+6.3 %. This is, followed by smaller proportions of
540 FeM (magnetite) at 1615.5 %, FeD (hematite/goethite) at 2.621.6 %, and FeA (readily exchangeable
541 Fe) at 1.2+0.40 % (Figure 10, Table S4). It is worth noting that these proportions are quite consistent
542  across top sediments, fluvial sediments and eolian ripples, with FeS, FeM, FeD and FeA percentages
543 of 796.5 %, 16+5.4 %, 3.5+1.5 % and 1.320.39 % in the top sediments. In fluvial sediments, these
544 values are 82+8.7 %, 15+7.8 %, 2.2+1.4 % and 1.2+0.44 % and in eolian ripples, they are 80+2.4 %,
545 18+2.4 %, 1.240.41 % and 0.85+0.22 % respectively (Figure 10, Table S4). Notably, there is a difference
546  in magnetite proportions between fluvial sediments from the pre-Holuhraun lava field and those from
547  the post-Holuhraun, with FeM accounting for 19+4.5 % and 11+1.3 % of total Fe, respectively. This
548  variation results in a reverse scenario for FeS, with percentages of 774£6.4 % and 84+1.9 %, respectively
549  (Figure 10, Table S4).

550 3.3.2 Mode of occurrence of Fe at different Icelandic dust-emitting hotspots
551 The content of FeT and proportions of FeS, FeA, FeD and FeM in sediments from Iceland's dust-
552  emitting hotspots are summarised in Table S5 and Figure 11.

553 The average FeT content in Iceland’s top sediments is 9.3+1.5 %, with the highest concentrations
554  observed in Mlifellsandur and Myrdalsandur, ranging from 10.0 % to 11.6 % wt, while the lowest are
555  found at Hagavatn and Dyngjuvatn, ranging from 5.5 % to 9.1 % wt. On average, FeS accountsfor
556  79%5.4 % of the FeT, with minimum proportions of 65 % in one sample from Dyngjusandur and a
557 maximum of 89 % in one from Maelifellsandur. However, most samples are in the range of 75-80 %.

558 FeM constitutes 15+4.6 % of FeT, with minimum proportions of 7.2 % in one sample from
559  Landeyjarsandur and a maximum of 25 % in one from Dyngjusandur, but most samples fall within the
560 10-20 % range, with the highest proportions typically exceeding 20 % in Dyngjusandur. FeD accounts
561 for 5.0+3.1 % of FeT, with minimum proportions of 1.4 % in one sample from Dyngjusandur and a
562  maximum of 12 % in one from Hagavatn, but most samples fall within the 2-9 % range. FeA represents
563  only 1.610.74 % of FeT, with minimum proportions of 0.75 % in one sample from Dyngjusandur and a
564 maximum of 3.4 % in one from Hagavatn, but the majority of samples fall within the 1-2 % range.

565  The absolute contents of magnetite and hematite/goethite are quite low in the samples, making XRD
566  quantitative analysis uncertain. Consequently, the correlation with FeM and FeD is weak. This
567 highlights the importance of employing the chemical sequential extraction (Shi et al. 2009) to assess
568 the mode of occurrence of Fe and further constrain the mineral content of iron oxides. As mentioned
569  in previous sections (3.1.2 and 3.2.2), Dyngjusandur and Hagavatn have similar mean median particle
570 size, but different volcanic glass content. The content of FeS is similar between them, but in the other
571 hand, Hagavatn has higher proportions of FeA and FeD than FeM and Dyngjusandur more proportion
572  of FeM than FeA and FeD. Nevertheless, no correlation was found between mineralogy (from XRD)
573  and Fe speciation.

574
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575 3.4 Spectroscopic indicators of mineral sorting

576  Spectra acquired in situ of top sediments and ripples show systematic variations with distance from
577  their source (Figure 12). Aeolian ripples, composed of ~100 um-sized grains weathered out of recent
578 lava flows, were generally measured on or near the lavas from which they are sourced and are coarser
579  grained than top sediments. Thus, their spectra are dominated by primary volcanic phases, including
580 volcanic glass and pyroxene, with minor alteration, either by magmatic fluids (hydrating the volcanic
581  glass) or later alteration. Their spectra are dark (low albedo), have weaker H,0 combination bands at
582 1.91 um, and stronger Fe?* electronic transitions near 1 and 2 pm than most top sediments.
583 Interestingly, the depth of the absorption feature around 2.21 um is slightly stronger in these samples
584  and most likely is from a hydrated amorphous silica phase (Figure 12c). These samples unsurprisingly
585  show no systematic trends with distance from the glacier.

586  Top sediments, on the other hand, show stronger trends with distance from the glacier (Figure 12).
587  The albedo, measured as the mean from 1.62-1.63 um is brighter with increasing distance (Figure
588  12d). This may be due to a change in mineralogy from primary volcanic glass, olivine, and pyroxene to
589 brighter alteration products, including zeolites and phyllosilicate minerals, or due to decreasing
590 particle size, as volume scattering is enhanced with smaller grains. More likely, it is a combination of
591 both factors. With the exception of locations on the moraine that were wetter at the surface, the
592  depth of the absorption feature due to H,0 at 1.91 um increases with distance from the glacier (Figure
593  12b). Conversely, the depth of the =1 um Fe?" electronic transition decreases (Figure 12a). These
594  variations are most likely the result of mechanical sorting, with finer grained hydrated, altered phases
595 becoming dominant downstream relative to coarser, unaltered volcanic glass.

596 The loss of volcanic glass and potentially amorphous hydrated silica within top sediments is also
597  supported by closer examination of the spectra. In spectra of some top sediments, the 1.0 um Fe?*
598  electronic transition minimum shifts to slightly shorter wavelengths (=1.03 um in top sediments vs
599 1.05 um in ripples), and a secondary electronic feature at =1.2 um is typically weaker or absent. These
600  shifts are consistent with the proportion of pyroxene to volcanic glass increasing (Horgan et al., 2014).
601 In addition, the =2.2 um combination feature shifts from 2.22-2.25 pum in the ripples to 2.21 um in
602  some top sediment samples. The longer wavelength minima and broader features are more typical of
603 hydrated amorphous silica (e.g., opal), whereas the shorter wavelength minima suggest the presence
604  of a more ordered phase with Al-OH bonds.

605 4. Contrasts in composition, particle size distribution, aggregation/cohesion and reflectance
606 spectra between Icelandic hotspots and a typical hot desert dust hotspot

607  Our findings reveal significant between sediments from the Moroccan Sahara (as described in
608  Gonzalez-Romero et al., 2023) and those collected and analysed in Iceland. It is important to note that
609  the Moroccan samples used for comparison were obtained from the Lower Draa Valley, an arid inland
610 drainage basin and a prominent dust hotspot, which is broadly representative of numerous crustal
611  dust source areas in hot desert environments.

612  The differences in sediment composition are closely intertwined with the particle size distribution and
613  aggregation/cohesion characteristics of these sediments. For instance, when we examine the mean
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614 median diameters of the FDPSD and MDPSD for top sediments collected from the lowlands and the
615  ephemeral lakes of Iceland (Dyngjusandur), we observe a relatively close similarity in sizes (31 and 32
616 um, respectively) (as detailed in Table 3). In contrast, crusts from the lowlands in the Saharan source
617  exhibit markedly different mean median diameters (7 and 131 um, as reported by Gonzalez-Romero
618 et al., 2023) (Table 3). Therefore, the FDPSD mean diameters for just crusts in the lowlands of the
619  Saharan source are four times finer than those found in top sediments in Iceland. For the underlying
620 fluvial sediments, we found that the MDPSD median diameters are 1.5 times coarser in the Saharan
621  source in comparison to Iceland (115 and 74 um, respectively). In contrast, for the FDPSD the mean
622 median diameter is finer in the Saharan source than in Iceland (22 and 102 um, respectively).

623  The resemblance between the FDPSD and MDPSD of top sediments in Dyngjusandur, as well as the
624  significant disparity with those from the Sahara, are attributed to the varying levels of aggregation and
625  cohesion. These differences in aggregation are further substantiated by SEM observations (as shown
626  in Figure 13a and b). They are likely a consequence of the paucity of cementing minerals in the Iceland
627  top sediments, namely low levels of carbonate and sulphate content, as well as the absence of clay
628 minerals. These factors contribute to the prevalence of dispersed and non-cohesive sediments in
629 Iceland. The underlying fluvial sediments which consist mainly of coarse particles, primarily individual
630  granules derived from volcanic rock (as depicted in Figure 13c), also stands in contrast to the Sahara's
631  dust-emitting sediments, which often exhibit particle aggregation. Notably distinct were Iceland’s
632  dust-emitting top sediments that showed a high enrichment of pumice, an exceedingly fragile and
633 low-density volcanic rock, as seen in the Dyngjuvatn samples. In these cases, the particles often
634  displayed elongated shapes and were accompanied by aggregation of finer particles (refer to Figure
635  13d, e, and f). This distinctive characteristic led to a measurement artifact that resulted in unusually
636  coarser FDPSD readings compared to MDPSD.

637  The lack of aggregation and cohesion of Icelandic dust-emitting sediments in comparison to the
638  Saharan source strongly suggests that saltation in Iceland should be efficient, while at the same time
639  dust could be emitted also by direct aerodynamic entrainment. Usually, dust emission due to
640  aerodynamic entrainment is much less efficient than that generated by saltation bombardment,
641 because interparticle cohesive forces, encompassing Van der Waals forces, electrodynamic forces, and
642  chemical forces (e.g., Castellanos, 2005), increase on average with decreasing particle size. This results
643  in an average minimum entrainment threshold for sand-size particles of around 70 - 100 um (Shao
644 and Lu, 2000; Shao and Klose, 2016). Toward smaller and larger particle sizes, increasing cohesive and
645  gravitational forces, respectively, require stronger lifting forces for particle entrainment. However, if
646 cohesive forces are weaker than on average, as it is the case in Iceland, the entrainment threshold for
647  dust-size particles can be reduced to a value similar to or possibly even lower than for sand-size
648  particles, enabling efficient direct aerodynamic dust emission without saltation as an intermediate
649 process (Klose and Shao, 2013; Shao and Klose, 2016).

650 In contrast to Saharan dust-emitting sediments, which comprise quartz, feldspars, clays, calcite,
651 dolomite, hematite/goethite, and halite, sediments from Iceland's dust sources are predominantly
652  composed of amorphous volcanic glass. They also contain anorthite (Ca-plagioclase), augite
653  (pyroxene), and andesine (plagioclase), with smaller quantities of analcime, magnetite, Ca-modernite,
654  and hematite. These pronounced differences in composition have distinct implications for ice
655 nucleation, radiative forcing, and nutrient deposition. While the effects of the main minerals in hot
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656  deserts on these processes are relatively well-understood, the impact of volcanic glass, which
657  constitutes the majority of Icelandic dust, remains largely unexplored and requires further research.
658 One notable difference is the average iron (FeT) content in Icelandic sediments, which is
659  approximately three times higher than that in Saharan sediments. Additionally, the proportion of FeS
660 in FeTis greater in Iceland than in the Sahara, comprising 79 % vs 67 % for top sediments, 82 % vs 68
661 % for underlying fluvial sediments, and 80 % vs 73 % for eolian ripples (as detailed in Table 4 and Figure
662 14). The proportion of Fe from hematite and goethite (FeD %) in Iceland is lower than in the Sahara
663  (1-7 % vs 31 %) while the proportion of FeM is higher in Iceland (9.5-18 % vs negligible) yielding to a
664 potentially different climate effect from the emitted dust (Table 4 and Figure 14). Furthermore, the
665 proportion of FeA, which is highly bioavailable, is lower in Iceland for top sediments (1.3 % vs. 1.9 %
666  of the FeT content), fluvial sediments (1.2 % vs. 1.4 %), and eolian ripples (0.85 % vs. 1.0 %) (as shown
667  inTable 4 and Figure 14). It is important to note that, even though the % FeA in Icelandic sediments is
668  slightly lower, the amount of bioavailable Fe per mass in Iceland's dust-emitting sediments is higher
669  than that of Saharan sediments due to the higher FeT contents in Icelandic samples. Similar
670  mineralogical content was found by Baldo et al. (2020), with a major proportion of volcanic glass in
671  thesediments, followed by anorthite and augite at Dyngjuvatn and Hagavatn. Fe proportions and total
672  amount are also very similar to those obtained by Baldo et al. (2020).

673  Spectra of dust source sediments from Morocco are markedly different than those from Iceland as
674 seen also in the mineralogy (Figure 7a, b, and c). Spectra from Morocco have electronic transitions
675  and charge transfers of Fe3* at wavelengths <1 um, related to hematite and goethite presence (Figure
676 7a, b, and c), whereas spectra from Iceland have broader Fe?* electronic transitions at wavelengths >1
677  pm and sometimes near 2 um, related to the volcanic glass and pyroxene proportion (Figure 7c). At
678 longer wavelengths, spectra of sediments from Morocco show features of phyllosilicates, including
679 illites and smectites, whereas in Iceland this is not observed, except the 2.2 micron feature in Figure 7
680  may be due to hydrated silica plus phyllosilicates such as montmorillonite.

681 5. A conceptual model for dust emission, particle size and mineralogy for Dyngjusandur, a
682  major Iceland dust hotspot

683  Dust-emission in Iceland is primarily governed by glaciofluvial environments. These regions are
684  characterized by the melting of glaciers that have accumulated substantial volcanic sediments and ash
685  over geological time. Subsequently, the fluvial erosion of these sediments transports significant
686  quantities of fine materials, which are deposited in extensive, flat areas during floods (Figure 15). This
687  phenomenon is particularly prevalent in the Jokulsa & Fjollum basin and other similar locations like
688 Dyngjuvatn, Mzaelifellsandur, and Myrdalssandur, with heightened activity during the summer months
689  when glacial melting accelerates. Once these deposited fine sediments dry out, they become prone to
690  dust emission when appropriate wind patterns prevail. In the Jokulsa & Fjollum basin, this scenario is
691  specially favoured, with a glacial river flowing from the Vatnajokull moraine to Holuhraun, where a
692 recent volcanic eruption (July 29, 2014 to February 27, 2015 with an 85 km? of surface, Geiger et al.,
693  2016) generated a natural dam, and some of the fluvial channels arising from the moraine transport
694  large volumes of sediments across a flat and extensive region (Figure 15). In this endorheic flat,
695  continuous summer floods lead to cyclic sediment deposition. Coarser fluvial sediments are deposited
696 first and are subsequently covered by top sediments of very fine grains formed after each cycle
697  through the deposition of suspended fine particles following drying or infiltration of ponded waters
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698  (Figure 16). Following sediment deposition, waters infiltrate and traverse the lava field, flowing to the
699 other side of the natural dam with minimal sediment load. On the other side of the dam, these pristine
700  waters join those from the other channels unaffected by the dam and flow toward the sea. Because
701  the dam stops part of the floods and because the river is more incised, overflows and sediment flats
702  alongside the river are very reduced from the dam to the sea. However, large flooding flats at the sea
703  once again contain sediments prone to dust emission. Such sedimentation, particle size fractionation,
704  drying and dust emission processes are generally repeated daily under favourable conditions in
705  summer. The aeolian ripples are formed in the dry part of the cycle and can be mobilised by the wind
706  and trigger the emission of dust by saltation. However, the lack of cohesive forces in the sediments
707 may also allow direct aerodynamic entrainment of dust at lower wind speeds without the need of
708  saltation (Figure 16).

709 6. Conclusions

710  This study has undertaken a comprehensive examination of dust-emitting sediments in Iceland,
711  focusing on their particle size distributions, mineralogy, and Fe mode of occurrence. Our findings
712 reveal distinctive characteristics among various sites, with Hagavatn and Dyngjusandur exhibiting the
713  finest particle size distributions, and Myrdalssandur and Dyngjuvatn showing the coarsest. Despite
714  these variations, the overall particle size distributions in Iceland's top sediments, whether fully or
715 minimally dispersed, exhibit remarkable similarities. Notably, these distributions sharply contrast with
716  those observed in a dust hotspot in the Moroccan Sahara. Iceland's top sediments are approximately
717  four times coarser than fully dispersed Moroccan crusts, yet, these fully dispersed Iceland top
718  sediments are finer than the minerally dispersed Moroccan crusts, prevalent in the Moroccan Sahara.
719  These distinctions underscore the relatively limited interparticle cohesion in Iceland, a characteristic
720  that sets it apart. The scarcity of cohesion implies an efficient saltation bombardment process, and at
721  the same time suggests the possibility of direct aerodynamic entrainment of dust in this region. This
722  contrasts with the cohesive sediments typically found in hot desert environments, where interparticle
723  cohesion hinders dust aerodynamic entrainment, making saltation the primary mechanism for dust
724  emission.

725  Iceland's dust-emitting sediments primarily consist of black volcanic glass, constituting a substantial
726 proportion ranging from 70% to 85% by weight. Plagioclase and pyroxenes contribute 10% to 15% and
727 4% to 8%, respectively, with traces of zeolites and Fe-oxides present. Consistent compositional
728 patterns emerge across most dust-emitting regions in Iceland, except for Landeyjarsandur and
729 Hagavatn. In these regions, sediments display diminished glass content (35% and <0.1%, respectively)
730  and heightened levels of plagioclase and pyroxenes, reaching up to 65% and 31%, respectively. These
731  compositional variations are starkly distinct from Saharan dust-emitting sediments, owing to the
732  differing volcanic and sedimentary origins of the respective dust sources. Notably, in Saharan
733  sediments, the presence of salts, carbonates, and clays promotes the formation of aggregates that
734 increase particle size and sediment cohesion. The composition of Fe-oxides also varies between the
735  two regions, with hematite and goethite being predominant in the Sahara, while Iceland's sediments
736 predominantly contain magnetite. The specific role of black volcanic glass in dust-radiation and dust-
737  cloud interactions remains inadequately described, contributing to a limited understanding of its
738  impact on climate. Further research is essential to unravel the complexities of these interactions and
739  their implications for climate.
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740  The distribution of Fe in the top sediments of Jokulsa 4 Fjollum, as well as in the underlying fluvial
741  sediments and the aeolian ripples, exhibits homogeneity in its mode of occurrence. The averaged bulk
742 Fe content (FeT) is 9.5£0.40 %wt, with structural Fe (FeS) constituting 80+6.3%, and Fe in magnetite
743  (FeM) accounting for 16+5.5%. Minor variations are observed in the proportions of Fe as
744 hematite/goethite (FeD) and readily exchangeable- and nano-Fe (FeA). Notably, the top sediments
745  display a significant presence of readily exchangeable Fe and hematite/goethite, attributed to
746 heightened glass weathering in the fine top sediment compared to coarser underlying layers and
747  aeolian ripples. Similar trends were identified in various Icelandic sources, with Malifellsandur and
748 Myrdalssandur exhibiting higher mean FeT (11+0.48% and 1110.41%, respectively). Hagavatn and
749  Skaftarsandur showed a maximum proportion of FeA (2.7£1.0%) and (2.6%, 1 sample), respectively.
750  Landeyjarsandur displayed the maximum FeD proportion (7.2+2.1%), while Dyngjusandur exhibited
751  the highest proportion of FeM (1814.6%). In comparison to the Moroccan Saharan, although
752 proportions are similar, the bulk Fe content in Iceland is threefold higher. Consequently, for the same
753 emitted dust mass, the absolute mass of FeA is three times greater, with FeD being smaller, and FeM
754  emerging as the major contributor, resulting in a potentially distinct impact on oceans and terrestrial
755  ecosystems and yielding diverse implications for climate.

756  Airborne and in-situ spectroscopy results are broadly consistent with XRD and size results. The spectra
757  of ripples are dark (low albedo) and dominated by primary volcanic phases and show no systematic
758  trends with distance from the glacier. Top sediments show trends with distance from the glacier
759  (Figure 12), with the albedo being brighter with increasing distance partly due to decreasing particle
760  size, which most likely is the result of mechanical sorting, with finer grained hydrated, altered phases
761 becoming more prevalent downstream relative to coarser, unaltered volcanic glass. There is lack of
762  significant clay minerals, carbonates and salts (even though, traces of carbonates and serpentines
763 have been found with Tetracorder). The marked differences in composition between Icelandic and
764 Moroccan sources are also captured. Spectra from Morocco have electronic transitions and charge
765  transfers of Fe* at wavelengths <1 um, related to hematite and goethite, while spectra from Iceland
766 have broader Fe?* electronic transitions at longerwavelengths, related to the volcanic glass and
767  pyroxene.

768 A conceptual model has been formulated to elucidate the elevated dust emissions observed in
769 Dyngjusandur, Iceland. This model encompasses several key factors contributing to the phenomenon.
770 Firstly, the historical entrapment of substantial amounts of volcanic sediments and ash by the glacier
771  has established a reservoir of materials awaiting liberation. The accelerated melting of the glacier,
772 particularly intensified during summer and influenced by underlying volcanism, releases significant
773  volumes of fresh sediment. Notably, a volcanic field active in 2014-2015 functions as a natural dam,
774  triggering extensive floods that inundate large plains with sediments prone to inducing dust emissions.
775  These floods exhibit a daily recurrence under specific summer conditions, fostering sedimentation,
776  particle fractionation, drying, and cycles of dust emission. The inherent nature of the sediments,
777  characterized by black basalt detritus and volcanic ash with a predominant glassy composition, results
778 in minimal particle aggregation and cohesion. Moreover, the frequent and extensive vertical particle
779  size segregation during the flooding cycles contributes to the coverage of vast areas with very fine
780  sediments, thereby facilitating dust emission. The synergy of these geological, climatic, and
781  environmental factors provides a comprehensive understanding of the intricate processes driving high
782  dust emissions in Dyngjusandur.
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1131  Figure captions:

1132 Figure 1. Location of Iceland dust hotspots and samples. Black polygon marked the limits of Holuhraun lava field

1133 and in red are marked the area of the different dust hotspots in Iceland. Basemap: Imagery data from
1134 © Google Earth Pro v: 7.3.6.9345. Jokulsd & Fjollum is marked as (a) and AVIRIS data flight images where
1135 used in the zoom in from Dyngjusandur (b) and Dyngjuvatn (c) for a more actualized vision of the lakes.
1136 Figure 2. Examples of samples collected in Iceland from top sediments (a), fluvial sediments (a) and eolian ripples
1137 (b)).

1138  Figure 3. Minimally dispersed particle size distribution (MDPSD) and fully dispersed particle size distribution
1139 (FDPSD) of top sediment, fluvial sediments and eolian ripple samples.

1140 Figure 4. Mean median diameters of top sediments along the J6kulsa & Fjollum river, according to the distance
1141 to the glacier moraine. The grey column indicates the location of the Holuhraun lava field and the red
1142 vertical line, a tributary channel of Jékulsa & Fjollum.

1143 Figure 5. Particle size distributions of top sediment samples from different dust-emitting hotspots in Iceland as
1144 determined by MDPSD and FDPSD.
1145 Figure 6. Contents of volcanic glass and crystalline minerals in top sediments, underlying fluvial sediments and

1146 eolian ripples from the Jékulsd & Fjéllum basin.

1147 Figure 7. Reflectance spectra measured of surfaces in the field: (a) ripples in Iceland, (b) top sediments in Iceland,
1148 and (c) example spectra from Morocco. In (a) and (b), spectra are offset for clarity and are ordered by
1149 distance from the glacier.

1150  Figure 8. Imaging spectrometer data from AVIRIS and analysed with Tetracorder (Clark et al., 2003, 2023). A)
1151 Grey scale image of 3 AVIRIS flight lines mosaicked for this study. The white circle if the primary study
1152 area and the grey rectangle is secondary sampling. B) Pyroxene composition map. The pyroxene
1153 dominant in the region are clinopyroxenes. C) Olivine composition map, which indicates the olivine are
1154 high iron content. However, in areas of significant Fe?* bearing volcanic glass could bias this result. D)
1155 FeZ* bearing minerals, which in those area is probably mostly due to volcanic glass. Note few locations
1156 mapped any Fe3* bearing minerals. E) Map the EMIT 8 minerals with absorptions in the 2-2.5 micron
1157 spectral region. Only trace calcite and outcrops of chlorite/serpentine were found. F) Tetracorder map
1158 of water and significant water bearing sediments. Where strong water absorptions are seen, detection
1159 of other minerals is difficult and usually blank in panels B-E.

1160 Figure 9. Contents of volcanic glass and crystalline minerals in top sediments, underlying fluvial sediments and
1161 eolian ripples from different dust-emitting hotspots. Dyn: Dyngjusandur, Dvt: Dyngjuvatn, Lan:
1162 Landeyjarsandur, Myr: Myrdalsandur, Ska: Skaftarsandur, Mal: Mzlifellsandur, Hgv: Hagavatn.

1163 Figure 10. Average percentage of FeS, FeM, FeD and FeA for the Jokulsd a Fj6llum basin and average amount of
1164 each Fe mode of occurrence according to the total content of Fe.

1165 Figure 11. Average percentage of FeS, FeM, FeD and FeA for Dyn: Dyngjusandur, Dvt: Dyngjuvatn, Lan:
1166 Landeyjarsandur, Myr: Myrdalssandur, Mael: Mzelifellsandur, Hvt: Hagavatn and Ska: Skaftarsandur and
1167 average amount of each Fe mode of occurrence according to the total content of Fe of the same dust
1168 emitting sources.

1169 Figure 12. Trends in infrared spectral features with distance from the glacier. (a) The depth of a broad absorption
1170 feature at 1.035 um (BD1035) due to Fe?* in volcanic glass and/or pyroxene. (b) The depth of an
1171 absorption feature at 1.9 um (BD1900) due to H,0. (c) The depth of an absorption feature at 2.21 um
1172 (BD2210) due to Si-OH or Al-OH. (d) The albedo (brightness), calculated as the mean reflectance at 1.62-
1173 1.63 um. Black points are spectra of ripples, and gray are spectra of top sediments.

1174 Figure 13. SEM microphotographs of collected dust samples: a) Particles from a top sediment sample from
1175 Dyngjusandur showing dispersed particles. b) Particles from a top sediment sample from the lowlands
1176 of M’"Hamid, Morocco (see Gonzalez-Romero et al., 2023), showing finer particle size and a high degree
1177 of agglomeration. c) Particles from underlying fluvial sediments, from Dyngjusandur, showing a large
1178 particle size and fresh volcanic glassy material. d, e, and f) Samples of top sediments (d and e) from
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1179 Dyngjuvatn, showing abundant elongated particles and agglomerates of particles derived from the
1180 breaking of larger pumice particles. g) Image showing particles with magnetite inclusions.

1181 Figure 14. Average amount of each Fe mode of occurrence for top sediment JaF: Jokulsa a Fjollum top sediment
1182 average, Sediment JaF: Jokulsa & Fjollum sediment average, Ripple JaF: Jokulsa & Fjollum ripples
1183 average, Dyn: Dyngjusandur, Dvt: Dyngjuvatn, Lan: Landeyjarsandur, Myr: Myrdalssandur, Mael:
1184 Meelifellsandur, Hvt: Hagavatn, Ska: Skaftarsandur, Crust S: Average crust from Sahara, Sediment S:
1185 Average sediment from Sahara and Ripple S: Average ripple from Sahara and average percentage of
1186 FeS, FeM, FeD and FeA normalised by the amount of FeT.

1187 Figure 15. Conceptualization of the origin, transport, sedimentation and emission of dust emitting sources,
1188 sediments and dust along Iceland, using the example of the J6kulsa & Fjéllum basin. t1: The glacier feeds
1189 the fluvial systems with fine particles that are transported and size segregated along the basin, t2: in
1190 flat areas or if a volcanic eruption forms a dam, the sediments deposits, t3: under favourable conditions
1191 the dust emission occurs in different parts of the basin by saltation and aerodynamic entrainment.
1192 Figure 16. Example of how particles, mainly volcanic glass with minor proportions of pyroxenes, feldspars and
1193 some iron oxides are transported, segregated and after drying and under favourable conditions,
1194 aerodynamic entrainment and saltation bombardment.
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Table 1. Mean median diameters, standard deviation, min., max. (um) of top sediments, underlying fluvial
sediments and eolian ripples from the Jokulsa a@ Fjollum basin, for minimally dispersed particle size
distribution (MDPSD) and fully dispersed particle size distribution (FDPSD). *Extracted from Gonzalez-
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Romero et al. (2023).

Surface type

N2
samples

MDPSD (Mean of medianstsd
[Min,Max])

FDPSD (Mean of medianstsd
[Min,Max])

All samples

31

107+129 [6.4,502]

133174 [6.8,738]

Top sediments

15

32420 [6.4,76]

31+15 [6.8,52]

Sediments

74%49 [7.9,158]

102491 [7.3,284]

Ripples

280+144 [114,502]

3544203 [133,738]
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Table 2. Mean median diameter, standard deviation, min., max. (um) of top sediment sediments from minimally

dispersed particle size distribution (MDPSD) and fully dispersed particle size distribution (FDPSD).
*Median top sediment MDPSD and FDPSD extracted from Gonzalez-Romero et al. (2023).

Location Ne MDPSD (Mean of medianstsd FDPSD (Mean of medianstsd
samples [Min,Max]) [Min,Max])
Iceland 23 55462 [3.3,234] 56169 [2.9,263]
Dyngjusandur 9 24+19 [6.4,66] 24+15 [6.8,51]
Dyngjuvatn 2 100+105 [26,175] 146+156 [36,256]
Landeyjarsandur 2 41+4.9 [37,44] 43+12 [38,48]
Myrdalssandur 3 16392 [59,234] 147+108 [49,263]
Maelifellsandur 3 48+13 [40,63] 4619.5 [37,59]
Hagavatn 3 26%26 [3.3,55] 16112 [2.9,26]
Skaftarsandur 1 63 72
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Table 3. Mean median diameters, standard deviation, min., max. (um) of top sediments, underlying fluvial
sediments and eolian ripples from the Jokulsa & Fjollum basin and Sahara Desert, for minimally
dispersed particle size distribution (MDPSD) and fully dispersed particle size distribution (FDPSD).
*Extracted from Gonzalez-Romero et al. (2023).

Location Surface type Ne MDPSD (Mean of FDPSD (Mean of
samples medianstsd [Min,Max]) medianstsd [Min,Max])
Jokulsa & Fjollum All samples 31 1074129 [6.4,502] 133+174 [6.8,738]
Jokulsa & Fjollum Top sediments 15 32420 [6.4,76] 31+15 [6.8,52]
Jokulsa & Fjollum Sediments 8 74+49 [7.9,158] 102491 [7.3,284]
Jokulsa & Fjollum Ripples 8 2804144 [114,502] 3544203 [133,738]
Iceland Top sediments 23 55462 [3.3,234] 56169 [2.9,263]
Dyngjusandur Top sediments 9 24+19 [6.4,66] 24+15 [6.8,51]
Dyngjuvatn Top sediments 2 100+105 [26,175] 146+156 [36,256]
Landeyjarsandur Top sediments 2 41+4.9 [37,44] 43+12 [38,48]
Myrdalssandur Top sediments 3 163192 [59,234] 1474108 [49,263]
Meelifellsandur Top sediments 3 48+13 [40,63] 4619.5 [37,59]
Hagavatn Top sediments 3 26+26 [3.3,55] 16+12 [2.9,26]
Skaftarsandur Top sediments 1 63 72
Sahara* Top sediments 8 131+89 [21, 320] 7.0+3.0[2.7,10]
(erg Smar)
Sahara* Sediments (erg 2 115+45 [83,147] 22423 [5.8,39]
Smar)
Sahara* Ripples (erg 4 286+49 [244,355] 263+32 [239,308]
Smar)
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Table 4. Fe mode of occurrence from different locations and types of sample. The content of FeT is in %wt and

for every mode of occurrence it is in % of the total Fe content. FeA: content of readily exchangeable Fe,

FeD: Fe content from hematite, goethite and pyrite, FeM: Fe content from magnetite, FeS: Fe content

from non Fe minerals as Fe-silicates and volcanic glass.

Location Type of sample FeT %wt FeA % FeD % FeM % FeS %
Jokulsa & Fjollum Top sediment 9.5+0.39 1.3+0.39 3.5%1.5 16+5.4 7946.5
Jokulsa a Fj6llum Sediment 9.5+0.43 1.2+0.44 2.2+1.4 15+7.8 8248.7
Jokulsa & Fjollum Ripples 9.4+0.41 0.85+0.22 1.2+0.41 18+2.4 80+2.4

Dyngjusandur Top sediment 9.410.21 1.2+0.45 3.6+1.8 18+4.6 77+6.7
Dyngjuvatn Top sediment 7.3%2.6 2.1+0.64 7.0+5.1 10+3.5 81+2.3
Landeyjarsandur Top sediment 8.910.54 1.8+0.67 7.242.1 9.543.2 8115.9
Myrdalssandur Top sediment 11+0.41 1.4+0.33 3.2+1.4 16+1.9 79+2.3
Skaftarsandur Top sediment 9.4+NA 2.6tNA 4.4+NA 13+NA 80+NA
Mzelifellsandur Top sediment 11+0.48 1.3+0.46 3.0£0.77 12+3.8 83+4.8
Hagavatn Top sediment 7.4£1.5 2.7+¢1.0 10£2.2 11+2.4 76x4.4
Sahara Top sediment 3.610.71 1.9+0.55 31423 Negligible 67+2.4
Sahara Sediment 3.210.47 1.440.55 30+3.0 Negligible 68+2.7
Sahara Ripples 2.0+£0.44 1.0+0.54 2645.8 Negligible 7345.9
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