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1.  Lithogenic contributions to Bering Sea sediments

Fine-grained lithogenic material in the Bering Sea is mainly derived from
riverine input from rivers in Alaska and northeast Siberia and the surrounding
volcanic arcs, rather than East Asian eolian dust (e.g., Asahara et al., 2012;
Fullam et al., 1973; VanLaningham et al., 2009). Concentrations of *He are
around an order of magnitude higher in the northern Bering Sea stations 13 and
15-19 compared to the stations from the northwest and northeast Subarctic North
Pacific (SNP; Supplementary Dataset 1), which cannot be the result of East
Asian dust input, but is more likely of riverine input of continental crust-like
sediments. Since we cannot derive an estimate of the importance of this riverine
contribution for the single stations in the Bering Sea, we excluded all Bering Sea
stations (stations 10-22) from the calculation of dust contributions.

2. Geochemical methodology and background

2.1 Grain size distributions

Prior to grain size analyses, biogenic components were removed by a leaching
procedure described in McGee et al. (2013), including leaching of organic matter



with concentrated H,O,, followed by CaCOs; leaching with 1M HCI and removal of
biogenic opal with 2M Na,COs; for 5 hours in a hot bath with a constant
temperature of 85 °C, followed by multiple centrifuging and decanting steps.
Particle size distributions were measured using a Beckman-Coulter LS 13 320
laser diffraction particle size analyzer at the Bentley University Particle Size
Laboratory following the method described by Machalett et al. (2008). An auto-
prep station was used to measure each sample (2-3 aliquots per sample, 5
measurements per aliquot) under equal conditions using the standard operating
method Bentley-BM-v13 (Machalett, 2010). Grain size data are reported in 92
bins ranging from 0.38 to 2000 ym. Coefficients of variation were <0.5% for the 5

measurements per aliquot and 2-5% for the 2-3 aliquots for all samples.

2.2  Grain size endmember modeling

Grain size data were used to provide upper limits on the fraction of eolian dust
in each sample. Grain size distributions for the samples were modeled as the
sum of three endmember Weibull distributions following the approach of McGee
et al. (2013). Briefly, three Weibull distributions that together provided the best fit
to the data were determined using an iterative least-squares technique. This
grain size modeling approach has been found to closely approximate the
measured size distribution of dust and loess (Sun et al., 2004; Zobeck et al.,
1999). The resulting endmembers EM1-EM3 have modal values of 4, 25, and 44
pum, respectively. The weighting of these endmembers that provided the best fit
to each individual sample was then determined; these weighting factors express
our best estimate of the proportion of each sample that reflects contributions from
a given endmember. The mean residual between our modeled distributions and
the actual distributions is 0.16%, or approximately 10% of the average value of
each grain size bin. The distributions of the best-fit endmembers and of the mean

residual of our fits to the samples are shown in Supplementary Fig. S1.



2.3  Helium isotopes

Terrestrial “He (*Heierr) has been successfully used to reconstruct eolian dust
in marine sediments (e.g., Marcantonio et al.,, 2009; McGee, 2009;
Mukhopadhyay et al., 2001; Patterson et al., 1999; Winckler et al., 2005, 2008),
Antarctic ice (Winckler and Fischer, 2006), and corals (Bhattacharya, 2012;
Mukhopadhyay and Kreycik, 2008). “Her is continuously produced by a-decay
of U/Th series elements within the continental rock matrix and is concentrated in
accessory minerals like zircon or apatite (Andrews, 1985; Mamyrin and
Tolstikhin, 1984; Patterson et al., 1999; Winckler et al., 2008). “Heier
concentrations in East Asian dust originating from continental rocks range
between ~1000-10000 ncc STP g (McGee, 2009; ncc STP g”' = nano cubic
centimeter per gram at standard temperature and pressure) and are two to three
orders of magnitude higher than concentrations in volcanic rocks, for example
from Kamchatka (~5-10 ncc STP g'1; Kurz et al., 2004; Mamyrin and Tolstikhin,
1984; Patterson et al., 1999); since “He is not adsorbed onto mineral surfaces,
nor scavenged by particles or incorporated into biogenic phases, its sedimentary
concentration is directly proportional to continental material (Farley, 1995;
Marcantonio et al., 1995, 1998; Mukhopadhyay and Kreycik, 2008; Patterson et
al., 1999) and insensitive to contributions of volcanic materials.

Helium isotopes in marine sediments are a binary mixture of continental
material and extraterrestrial interplanetary dust particles (IDPs). “Heer
concentrations of each sample i can be calculated using a two-component mixing
model with the measured “He concentrations (*Hemeas) and helium isotope ratio
[(®He/*He)meas] (Patterson et al., 1999; Winckler et al., 2005):
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with (*He/*He)pp = ratio of IDPs = 2.4 x 10™* (Nier and Schlutter, 1990, 1992),
and (*He/*He)err = ratio of continental crust material = 3 x 10® (Farley, 2001;
Mamyrin and Tolstikhin, 1984).

Between 40 and 700 mg of freeze-dried and hand-crushed bulk sediment was
wrapped in aluminum foil cups, loaded into the vacuum furnace of the gas inlet
system, and analyzed on a MAP 215-50 mass spectrometer at Lamont-Doherty
Earth Observatory (LDEQO) following procedures described in Winckler et al.
(2005). Calibration was performed every 4-5 samples using a known volume of a
standard with an isotopic ratio of 16.45 Ra (Ra = atmospheric isotopic ratio =
1.384 x 10°). Standard reproducibility for the *Hemeas and (*He/*He)meas Was
~0.5% and 1.5% (10), respectively. Procedural blanks yielded 0.1-0.2 ncc STP of
“He with atmospheric isotopic composition and represented blank corrections of
<1% *He for most of the samples, with occasional corrections up to 7%.

For all but 5 samples we analyzed 3-5 replicates. Mean values for “He and
*He/*He were calculated after removing outliers using Chauvenet's criterion
(Taylor, 1997). Standard deviations for mean *Hemeas concentrations varied
between 0.39 and 64.26%, averaging 8.74%. Reproducibility for (*He/*He)meas
varied between 0.94 and 105.47%, averaging 33.27% (10). This reproducibility is
similar to uncertainties found in other studies (Farley et al., 1997; Torfstein, 2012)
and reflects the fact that extraterrestral *He, the dominant source of °He, is
hosted by a relatively small number of individual IDPs that are not
representatively sampled. The contribution of *Heterr 10 *Hemeas is >95.5% for all
samples. The high *Heirr contribution results in insensitivity of calculated “Heierr
concentrations to different values of (*He/*He)err that could be chosen from the
range of possible endmember values. Concentrations of “Her vary by <0.2%
when using the mean helium isotope ratio of the East Asian dust source fine size
fractions (~3 x 107; McGee, 2009). The order of magnitude difference between
the East Asian dust helium isotope ratio and (*He/*He)err of the bulk continental
crust (3 x 10°%; e.g., Farley, 2001; Mamyrin and Tolstikhin, 1984) is the result of



the grain size effect of *Hewr, With increasing concentrations with increasing

grain size, but fairly constant *He (McGee, 2009).

2.4  Uranium/Thorium isotopes

Excess °Th (xs®*°Thy) has been established as a constant-flux proxy (e.g.,
Anderson et al.,, 2006; Bacon, 1984; Francois et al., 2004; Henderson et al.,
1999; McGee et al., 2007). The ?°Th profiling method is described in detail in
Francois et al. (2004). Briefly, ?°Th is produced in the water column by a-decay
of 2*U and shows low concentrations in seawater as a result of efficient particle
scavenging (e.g., Anderson et al., 1983; Bacon and Anderson, 1982; Francois et
al., 2004; Henderson et al., 1999). Therefore, its scavenged flux to the seafloor
can be assumed to be approximately equal to its production rate in the overlying
water column (Bas = 2.67 x 10° dpm cm™ kyr"; Francois et al., 2004). Mass
accumulation rates (MARs) for a constituent i, MAR;, with a concentration ¢; in the
sediment deposited at a specific water depth z can be calculated by:

Ci X Boang X Z
MAR, = 1—220"— (S2)
: xs?°Th,,

xs?°Thy is the excess sedimentary ?°Th concentration in dpm/g corrected for
continuing decay, the fraction supported by uranium within lithogenic material
(mean detrital ?*U/?*?Th = 0.5 + 0.1; Taguchi and Narita, 1995), and the fraction
of the in-situ produced ?*°Th by decay of authigenic ?**U (Anderson et al., 2006;
Francois et al., 2004). Corrections for the detrital fraction of 2°Th are ~10%. We
assumed an age of 0 years for the sediments, resulting in no correction for 2°Th
decay or in-situ 2*°Th production due to authigenic U decay.

The constant-flux proxy offers advantages over the conventional stratigraphic
MAR estimates in that the ?*°Th-normalized fluxes are insensitive to lateral

sediment redistribution and less sensitive to age model uncertainties than



stratigraphic MAR estimates, and do not rely on the determination of dry bulk
density (Anderson et al., 2006; Francois et al., 2004; Henderson et al., 1999).

In the last ~10 years, 2**Th has been successfully used as a dust proxy in
marine sediments (e.g., Anderson et al., 2006; Kohfeld and Chase, 2011;
Marcantonio et al., 2001; McGee, 2009; McGee et al., 2007, 2013; Winckler et
al., 2008; Woodard et al., 2012) and seawater (Hayes et al., 2013; Hsieh et al.,
2011). ?*?Th in sediments and seawater is purely of detrital origin and has no
association with biogenic material (e.g., Brewer et al., 1980; Woodard et al.,
2012). Accessory and clay minerals have been proposed as its main host phases
(Herron and Matteson, 1993; McGee, 2009). Concentrations of >*Th in volcanic
material are almost an order of magnitude lower than in eolian dust (Gale et al.,
2013; Taylor and McLennan, 1985).

Approximately 100 mg of freeze-dried and hand-crushed bulk sediment from
all 37 INOPEX samples was weighed into 50 ml Teflon beakers and spiked with
?2Th and 2%°U prior to a complete acid digestion and anion exchange
chromatography following the method of Fleisher and Anderson (2003). Samples
were analyzed for U/Th isotopes by isotope dilution on a high-resolution VG
Elemental Axiom ICP-MS at LDEO. #*®U concentrations were calculated using
the measured ***U/?*U ratio and a #**U/**U ratio of 137.88 for the SRM129
standard (Steiger and Jager, 1977), measured with every batch of 18 samples
and one procedural blank. Blank corrections were <1.61% for ?°Th, <0.56% for
232Th and <0.63% for 2*®U. Mean replicate reproducibility was 3.19% (10) for
230Th, 3.27% (10) for 22Th, and 1.97% (10) for *°U.

2.5 Rare earth elements

Lithogenic sediment provenance is the main controlling factor for rare earth
element (REE) variability in marine sediments (e.g., Chen et al., 2003; Taylor and



McLennan, 1985). REEs have been successfully used in provenance studies of
East Asian dust material (Bailey, 1993; Ferrat et al., 2011; Gallet et al., 1996,
1998; Maeda et al., 2007; Nakai et al., 1993; Olivarez et al., 1991; Otosaka et al.,
2004; Shigemitsu et al., 2007; Weber et al., 1996). REEs are mainly
concentrated in accessory minerals like zircon, although some clay minerals are
also REE enriched (e.g., Ferrat et al., 2011; Gallet et al., 1996; Moreno et al.,
2006).

Around 100 mg of finely ground bulk sediment from the INOPEX station and
dust source samples was weighed into 15 ml screw-top Savillex® Teflon vials.
The rock powder was initially wetted with 15.9M HNO3; and evaporated to a small
fluid volume on a hotplate at ~150 °C. Then 5 ml 28.9M HF were added, the vials
were tightly sealed and put back on the hotplate for 3.5 hours at ~200-250 °C.
After 2 hours, the vials were removed from the hotplate and shaken occasionally.
To drive off HF and further decompose the sediment, 2 ml 11.7M HCIO4 were
added to the vials and they were put back on the hotplate uncapped. Following
typical perchloric acid fume formation, a mixture of 1 ml 28.9M HF, 1 ml 15.9M
HNO3; and 1 ml 11.7M HCIO4 was added to the vials and the acid mixture was
heated to perchloric acid fume formation before evaporating the samples with
0.46M HNO; four times at ~150 °C to dissolve remaining fluorides. The residue
was re-dissolved using 0.46M HNOs3, transferred into 15 ml tubes and diluted to
10 ml with 0.46M HNOg3. From this initial solution, a solution diluted by a factor of
1000 was created for the measurements of the REEs, analyzed on a VG PQ
ExCell Quadropole ICP-MS at LDEO. Indium was added as an internal standard
for drift corrections. Standard additions were used for standardization. BaO
interferences on Eu were suitably corrected by using the isotopic abundance of
Ba. Three procedural blanks were measured with each batch, with blank
corrections of <2.5% for all REEs except Eu (<7.6%). Mean replicate
reproducibility is <4 % (10) for La, Ce, Eu, Tb, Ho, Er, Tm, Yb and Lu and <6%
(1o) for Pr, Nd, Sm, Gd and Dy.



In addition to replicate measurements of the INOPEX samples, we processed
and ran two certified reference rock samples, W-2 (U.S. Geological Survey) and
JA-2 (Geological Survey of Japan), and compared results with means of reported
values from the GeoReM database for geological and environmental reference
materials (http://georem.mpch-mainz.gwdg.de/). For W-2, all REEs fall within 3%
of the reported values except for Pr, Tb, Dy and Yb (within 4.8%). For JA-2,
concentrations of Pr, Nd, Sm, Eu, Tb, Tm and Lu are within 3% and of La, Ce,
Gd, Dy, Ho, Er and Yb within 6.1% of the reported means (Supplementary Table
S2).

For station samples 31, 37 and 40 characterized by high calcium carbonate
contents, we performed a leaching procedure slightly modified from the one
described by Gutjahr et al. (2007) to remove foraminifera and Fe-Mn
oxyhydroxide coatings prior to the acid digestion. It has been shown that REE
concentrations in the non-detrital phase of calcareous sediments, primarily REE
included in the foraminiferal calcite matrix and associated with authigenic Fe-Mn-
rich phases adsorbed onto the surface of foraminifera tests, can obscure the
lithogenic REE signal in marine sediments (e.g., Gutjahr et al., 2007; Palmer,
1985; Roberts et al., 2012). Calcium carbonate was removed by leaching ~250
mg of finely ground sediment in 50 ml centrifuge tubes three times with 15 ml of a
52:48 mixture of 1M sodium acetate buffer and 1M acetic acid on a shaker table
at room temperature for 5 hours, followed by three repeats of centrifuging and
rinsing the samples with milli-Q water. Fe-Mn oxyhydroxide coatings were
dissolved by leaching the samples two times on a shaker table at room
temperature for 3 hours in 15 ml of a 0.05M hydroxylamine hydrochloride — 15%
distilled acetic acid — 0.03M sodium-ethylenediaminetetraacetic acid solution
buffered to pH 4 with analytical grade sodium hydroxide. The samples were then
centrifuged and rinsed with milli-Q four times before being transferred to 15 ml
screw-top standard Savillex® Teflon vials for the acid digestion.



2.6 Calcium carbonate and biogenic opal

Calcium carbonate concentrations were measured using a CM5012 CO,
Coulometer at LDEO. A pure -carbonate standard showed long-term
reproducibility of 0.31% (10) of the mean value. Biogenic opal was measured by
alkaline extraction and molybdate-blue spectrophotometry at LDEO following the
procedure described in Mortlock and Froelich (1989). Long-term reproducibility of
a biogenic opal standard from the Oregon State University was 3.4% (10) of the

mean value.

2.7 Salt correction

We corrected the measured helium isotope, U/Th isotope, REE, calcium
carbonate and biogenic opal data in the INOPEX samples for salt content.
Bottom-water salinity was measured at the INOPEX stations. Salt corrections for
a constituent [X] in sample i were performed using:

Water loss through freeze drying; (g) bottom-water salinity,

Salt Contenti (g) = bottom-water salinity; 1000 (83)
i 1000 )
— [X]measured, i
[X] salt-corrected,i — Salt content (84)
( B Dry weight; )

All salt values and uncorrected and salt-corrected concentrations are available
in Supplementary Dataset 1.



3. Dust sources for long-range atmospheric transport to the
Subarctic North Pacific

Arid regions in China and Mongolia are considered to be the dominant sources
of eolian dust input to the SNP (Duce et al., 1980; Husar et al., 2001; Sun et al.,
2001; Tanaka and Chiba, 2006; Uno et al., 2011). These regions are
characterized by a number of dry lakebeds and alluvial deposits (Pye and Zhou,
1989). The Taklimakan desert in northwest China is suggested to be one of the
most important sources for long-range eolian dust transport in the Northern
Hemisphere (Bory et al., 2002, 2003; Nagashima et al., 2007, 2011; Nakano et
al., 2004; Prospero et al., 2002; Pye and Zhou, 1989; Sun et al., 2001; Uno et al.,
2011; Yumimoto et al., 2009; Zhang et al., 1998; Zhao et al., 2006). Dust from
this source area is uplifted into the middle and upper troposphere and
transported to the North Pacific Ocean by the strong westerly jet stream (Nakano
et al., 2004; Sun et al., 2001). Eolian dust from the Gobi and adjacent deserts in
southern Mongolia and northern China, including the Badain Jaran and Tengger
deserts, are primarily transported southeast- and eastward below 3000 m in the
atmosphere (Bory et al., 2002; Sun et al., 2001; Yumimoto et al., 2009). These
desert areas are the primary dust sources for the Chinese Loess Plateau (Sun et
al., 2008). Dust from these sources can also be entrained into the middle
troposphere and transported far distances, as has been shown in studies from
East Asia and the North Pacific Ocean (Eguchi et al., 2009; Husar et al., 2001;
Nagashima et al., 2007, 2011; Uno et al., 2011; Wang et al., 2004; Zhang et al.,
1998; Zhao et al., 2006), North America (Husar et al., 2001; McKendry et al.,
2001; Uno et al., 2011; Zdanowicz et al., 2006), and Greenland (Biscaye et al.,
1997; Bory et al., 2002, 2003).

The Mongolian Gobi and large Chinese loess regions have generally been
ruled out as potential sources for long-range eolian dust transport (Bory et al.,
2003; Laurent et al., 2005; Svensson et al., 2000). A contribution of Mongolian
Gobi (MG) dust to stations in the northern or western part of the INOPEX cruise
track cannot be conclusively excluded from the surface sediment data available;



however, if the MG samples are representative for this source, the INOPEX
sediment samples do not support its importance since a number of samples from
the Southern Transect would clearly fall outside the mixing line between the
volcanic endmember and a Mongolian Gobi dust endmember for all three
geochemical tracers (Figs. 3, 4). Therefore, the Mongolian Gobi source samples
have been generally excluded from the dust fraction determinations.

Additional minor eolian dust input from sources in North Africa, Middle East
and Central Asia to the SNP has been suggested (e.g., Creamean et al., 2013;
Hsu et al., 2012; Tanaka and Chiba, 2006). There are presently no ?*Th and *He
data and only a very small number of REE data available for these sources. A
study of REE compositions in North African dust source samples indicates a
similar geochemical signature compared to the East Asian dust sources (Moreno
et al., 2006). A contribution of western North American eolian dust can be
excluded for the INOPEX samples (e.g., Jones et al.,, 1994; Rea and Hovan,
1995). Therefore, a representation of eolian dust input to the SNP by East Asian
dust sources is a justified approach for the lithogenic component deconvolution in
the INOPEX sediment samples.

4. Supplementary Information for the dust fraction

determinations

4.1  “*He¢wrr and **’Th approaches

Concentrations of *Heierr and *?Th in the 0-4 and 4-8 pm size fractions of the
Taklimakan (TK-074, TK-083, TK-103, TK-116), Badain Jaran (BJ-024) and
Tengger desert (TG-018) as well as Mongolian Gobi samples (MG-06, MG-17,
MG-23) show high variability between 1100 and 6215 ncc STP g” and ~8-20
ppm, respectively (Fig. 3; McGee, 2009; for sample locations see Supplementary
Fig. S2). Results of MG-06 are not shown in Figs. 3 and 4 because there are no
232Th size fraction data available for this sample. The weighted mean of the 0-4



and 4-8 ym size fractions from Taklimakan desert samples TK-074, TK-083 and
TK-103 and Inner Mongolian samples BJ-024 from the Badain Jaran and TG-018
from the Tengger desert, with all size fractions equally contributing to the mean
value, falls on the regression line of the 26 selected INOPEX core-top sediment
samples from the Kamchatka, Alaska and Southern Transects, excluding station
26 (Fig. 3). This indicates that these East Asian dust sources proposed as the
most important sources for long-range eolian dust transport to the SNP can
explain the bulk average dust deposition at all INOPEX station for the dust
proxies *Heierr and 22Th.

The size fraction samples show a clear grain size effect for both *“Heier and
232Th. “*Hewrr concentrations increase with increasing grain size and ?**Th
concentrations decrease with decreasing grain size (Fig. 3). These findings
demonstrate that careful consideration of grain size is necessary in using dust
endmembers to calculate dust fluxes based on *Heier and 2**Th concentrations in
marine sediments. Size fraction data of *Hewr from the Taklimakan desert
sample TK-116 (3895 and 6215 ncc STP g for the 0-4 and 4-8 ym size
fractions, respectively; McGee, 2009) are two to three times higher compared to
the other three Taklimakan desert samples TK-074, TK-083 and TK-103. The
reason for the higher “Her concentrations is presently unknown. Because #**Th
concentrations in the TK-116 size fraction samples are not particularly high (16
and 13 ppm for the 0-4 and 4-8 ym size fractions, respectively; McGee, 2009),
the He and Th compositions of sample TK-116 are not consistent with the
endmember indicated by the INOPEX core-top sediment samples; we therefore
assume that this sample is not representative of the Taklimakan dust source to
the SNP and excluded it from the dust endmember calculation. This source
sample is not shown in Figs. 3 and 4.



4.2 REE approach

For the REE approach, we combined the data from the 0-4 uym size fraction of
TK-074, TK-083, TK-103, BJ-024 and TG-018 with 4-16 um size fractions of TK-
074, TK-103, BJ-024 and TG-018 as well as 4-8 um size fractions of sample TK-
083 (Ferrat et al., 2011; this study). Similar to *“Herr and 2*Th, REEs show a
clear grain size effect and are depleted in fractions >32 ym compared to finer
sizes (e.g., Ferrat et al., 2011; Gallet et al., 1998; Honda et al., 2004; McLennan,
1989), probably as a result of changes in the mineral composition in the different
size fractions. Dominant REE hosts like accessory or clay minerals are
concentrated in the fine-grained fractions (e.g., Condie, 1991; McLennan, 1989;
Taylor and McLennan, 1985). REE concentrations in the <4 and 4-16 uym from
the East Asian dust source samples are almost identical (Ferrat et al., 2011). We
determined the mean dust endmember from the same size fractions from the
same source samples used for the *Hewr and 2*’Th approaches, with errors
representing the 10 uncertainties.

For the estimation of the volcanic endmember values from the volcanic ash
layer compilations from ODP sites 881, 882 and 887, outliers from the volcanic
ash layer compilations have been excluded based on specific REE pattern
characteristics of the LREEs (light REEs; La, Ce, Pr, Nd), HREEs (heavy REEs;
Ho, Er, Tm, Yb, Lu) and MREEs (middle REEs; Sm, Eu, Gd, Tb, Dy) observed in
the INOPEX samples from the specific volcanic regions. Resulting mean REE
pattern values with 10 uncertainties for the volcanic endmembers are shown in
Supplementary Fig. S3 as grey filled areas.

For volcanic region 1, ash layers with UNE numbers 4, 9, 15, 22, 27, 30, 33,
39 and 45 from ODP site 881 (47.1 °N, 161.5 °E, 5530 m water depth; Fig. 1)
east of the Kurile Islands have been used to calculate the mean endmember
(Cao et al., 1995a). Region 2 mean volcanic endmember values are the result of
ash layers with UNE numbers 54, 55, 57, 73, 76, 78, 79 and 81 from ODP site
882 (50.4 °N, 167.6 °E, 3244 m water depth; Fig. 1) on the Detroit Seamount
south of the western Aleutian Trench (Cao et al., 1995a). Volcanic ash layers



163, 168, 169, 174, 175, 178 and 179 from ODP site 887 (54.4 °N, 211.6 °E,
3631 m water depth; Fig. 1) from the Patton Seamounts in the northeast SNP
contribute to the mean volcanic endmember of region 3 (Cao et al., 1995b).

Ash layers at sites 881 and 882 are mainly rhyolitic in their composition, but
the majority of volcanic rocks from the Kurile Islands and Kamchatka are
calcalkaline basalts and andesites typical for island arcs (e.g., Bailey et al., 1989;
Bindeman et al., 2004; Cao et al., 1995a; Scheidegger et al., 1980), supporting a
transport-related compositional change. For ODP site 881, the predominant
source of the ash layers has been suggested to be the Kurile-Kamchatka arc
region, different to site 882 where both the Kurile-Kamchatka and the relatively
inactive western Aleutian arc contribute (Cao et al., 1995a). Ash layers at site
887 range in their composition from basaltic andesites to rhyolites and are
predominantly of Aleutian and Alaskan origin (Cao et al., 1995b).

5. Bioturbation model - MATLAB code

Below we provide the MATLAB code for the applied simple bioturbation model

with short descriptions for the model parameters:

dt=0.02; %time step in kyr

v=5; %sedimentation rate in cm/kyr

dx=dt*v; %distance step (determined by time step and sedimentation rate)
t_final=20; %duration of model in kyr

x_final=t_final*v; %length of model in cm

x=0:dx:x_final; %for plotting results

t=0:dt:t_final; %for plotting results

steps=t_final/dt+1;

db=5; %bioturbation depth in cm

bsteps=db/dx; %number of time steps in bioturbated interval



%set up input signal

%initially create vector of zeros

sig=zeros(steps); %signal length is same as number of time steps

sig(:)=1;

sig(1:582)=4; %creates a simple two-step function with a signal of 1 for the
time after 11.64 kyr BP and 4 for time before 11.64 kyr BP

%set up initial sediment column
sed=zeros(length(x),length(t));
sed(1:bsteps,1)=((sum(sed(1:bsteps,1))+sig(1))/bsteps);

%now build sediment column with bioturbated input signal
for i=2:steps
sed(1:bsteps,i)=((sum(sed(1:bsteps-1,i-1))+sig(i))/bsteps);
for j=bsteps+1:steps
sed(j,i)=sed(j-1,i-1);
end

end

%plot results

plot(t,sed(:,steps));
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Supplementary Figures

Figure S1. Grain size distributions of the three best-fit Weibull endmembers
following the approach in McGee et al. (2013; EM1 in red, EM2 in black, EM3 in
green), and of the mean residual of our fits to the samples (in brown).
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Figure S2. Location map of the East Asian dust source samples from the
Taklimakan desert in black (TK-074, -083, -103 and -116), Inner Mongolia in red
(BJ-024 from the Badain Jaran and TG-108 from the Tengger desert) and the
Mongolian Gobi in blue (MG-06, -17 and -23; McGee, 2009; Ferrat et al., 2011).
The map was created using GeoMapApp 3.0.1 (http://www.geomapapp.org) with
the Global Multi-Resolution Topography synthesis (Ryan et al., 2009).
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