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ABSTRACT

Surface and deep-sea core sediments and two sstanofards were measured by three
different techniques - Galai Cis | laser systemul@w Counter TAIl, and Micromeritics
SediGraph 5000D - in order to compare the Galailt®svith the other two.

The differences between the three types of meagdenice turned out to be greater in
sediments than in standards, and were attributeth@éophysical properties, shape,
density and composition of the particles (complegitthe matrix).

Comparison between moment statistics showed tleaGtidai determines coarser grain
sizes than the Coulter and finer than the SediGrpatticularly as regards analysis of
surface sediments. The relationships between @athSediGraph were estimated using
analysis of variation/residuals within individuakervals. The analysis showed a higher
variability of residuals for the coarser fractiq@s16 um and 16-32 um) with respect to
the finer (2-4 um and 4-8 um) fractiod$he <2 pum SediGraph fraction, with a cut-off

at 0.49 um, showed good correspondence with the 2. Galai analysis.
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1. Introduction

Over the last twenty-five years, there has beereasing interest in the significance of
grain size data as an indicator of sedimentaryrenment and processes (Reed et al.,
1975; Taira and Scholle, 1979; McLaren and Bowl&85; Vandenberghe et al., 1997).
Grain size analysis has recently been used in @mwiental studies, relating fine-
grained samples to micro-pollutants in several remvnents, e.g., marine and
transitional (Albertazzi et al., 1987; Menegazzalet 1989; Moore et al., 1989; Hieke
Merlin et al., 1992; Hathaway et al., 1994; Zortale 1994).Toxic metals are usually
bound to marine pelitic sediments, including thémend in estuaries and lagoons (Li,
1991; Yucesoy and Ergin, 1992). Marine sedimentsiallls have high clay
concentrations, which increase the particle-pariicierface.

Concurrently, several electronic systems have lameloped, permitting faster and
more accurate analyses than the conventional pipe¢thod, and various studies have
focused on comparisons between instruments (Syvit801; Stein, 1985; Konert and
Vandenberghe, 1997). Syvitski et al. (1991) desctithe principal techniques used in
modern geological particle size analysis, the greniand accuracy of several methods
also providing some recommendations.

Of laser systems for grain size analysis, the Gaigil is less frequently used than the
Malvern Mastersizer, from which it differs in measment technique. The literature
reveals very few works comparing measurements mddaivith the Galai and other
more popular instruments (Syvitsky et al., 199htdehik et al., 1992). None of these
works examines the silty or clayey fractions ofunak sediments. For this reason, in the
present study the Galai Ci%'llaser system was compared with older systemsthe.

Coulter Counter TA ™™ and Micromeritics SediGraph 5000D Comparisons were
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carried out using two sets of standards and twe aesamples (surface and deep-sea
core sediments), in order to evaluate the diffegsrimetween instrumental results with
increasing matrix complexity.

Each system defines particle size in a differeny vaad thus measures different
characteristics of the same material.

Attention focused mainly on the silt-clay mixtumadtion, which is the size posing the

greatest analytical problems.

2. Instruments: Basic Principles and Operating Proedures

In the Galai Cis-1 system a laser-based optical analysis channeidwsfinely focused
He-Ne laser beam, 1.2 um) employs the theory ofétof transition” in a photo-defined
measurement. A wedge prism (600 pm diameter),ingtatt a constant speed, scans the
incoming laser beam circularly on to a focusingegbye, which then scans through the
sample measurement volume. The device covers & famm 0.5 to 600 um of particle
diameters and collects signals in 300 discrete sirvals by means of a personal
computer. Measurement does not depend on cawidrtémperature or viscosity.

The Galai Cis-1 is based on a completely diffetenhnique from the diffraction laser
systems (e.g., Malvern Mastersizer), which useptieciple that a particle of a given
diameter diffracts a beam of light to a certainlanghich increases with decreasing

particle size.

The Coulter Counter model TA Il measures the number and volume of particles

suspended in an electrically conductive liquid .(eNaCl solution, as used here).
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The sampling unit and the signal transfer princgale identical to those of the Coulter
Multisizer (Fontolan and Grenni, 1995). Results @lated to spherical equivalents of
the same electrical resistance (i.e., the samemauas the measured particles.
Suspended particles are sent through a small apdriua glass tube. Electrodes are
attached both inside and outside the aperture.eldwrical resistance between the two
electrodes changes as soon as the particles pasglththe aperture. The amplitude of
the voltage pulses thus induced is proportionaltite volume of the particles.

Measurement does not depend on carrier fluid teatpex or viscosity. Pulses are
assigned to one of 16 channels pre-calibrated stdhdards. In terms of diameter, the

sequence of channels gives a one-third phi scale.

The Micromeritics SediGraph 5000D determines the size distribution of particles
dispersed in a liquid, assuming Stoke’s settlinigpaiges of particles, by measuring the
attenuation of a finely collimated X-ray beam asuaction of time and height in a

settling suspension. The transmittance of theesuspn, which increases with time due
to particle sedimentation, is electronically tramsfed into concentration values and
indicated linearly as a cumulative mass percentagine Y axis of an X-Y recorder. To

minimise the time required for analysis, the samg®é# is continually lowered with

respect to the X-ray beam, so that the effectidensentation depth decreases with time.
The X axis of the recorder is synchronised with sledimentation cell movement, so
that the equivalent spherical diameter, correspando time-span and sedimentation
depth, is indicated on the abscissa. The mechacos@rs a range from 0.2 to 100 um
of particle diameters. The SediGraph resolves garsize to 0.2 um and reports the

unresolved component as a percentage of total samgight. The SediGraph has a
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considerable disadvantage, due to the high quaotitypaterial required for analyses
(4x10* mg ).

The advantage of the Galai and Coulter method$as they use small amounts of
sample material (300 m@ lfor Galai; negligible for Coulter). This is usefwhen the
amount of sample material for analysis is low (eagrosol, some cores, suspended

sediments).

3. Methods

A total of 27 samples were used for assessmenthath 10 were from deep-sea core
sediments, 10 from surface marine sediments, amer& standards. Although the small
number of samples (20) does not allow us to makekamd of quantification or to
generalise our results, we emphasise that this meliminary experimenwith a
significant outcome.

Sediments were examined with particular attentmihe silt and clay size range. For
this reason, most samples were dispersed by ulti@smergy in water, and sand was
removed on a 63 um sieve. The deep-sea core sddsa@ples were mainly silty-clay
(93-99% weight percent of samples were <63 um) redeethe surface sediments were
richer in the sandy fraction (20-80% weight percehtsamples were <63 um). The
fraction less than 63 pm was treated witfOKto remove organic matteihe dry
sample was then subdivided into three subsampleishwvere treated in the following
way:

Galai Cis-1: samples were dispersed in a 6%. Na+hetaphosphate solution for 24

hours and ultrasonically treated (bath) for a tinoé exceeding 10 minutes. Samples



Stream-scanning laser system, Electric sensing counter and Settling grain size analysis: a
comparison

were suspended in a 5 ml cuvette and analysed. Boalytical replicates were
performed and 8x¥83x1(P counts were made.

Coulter Counter: samples were ultrasonically tredbath) for a time not exceeding 10
minutes. They were then dispersed in a 3% NaCltrelgte solution, surfactant
dispersant (Coulter dispersant) was added, andaimples were immediately analysed.
Tubes with apertures of 50 um and 280 um were tsedver the range from 0.63 to
128 um. High-resolution size distributions wereiaebd with four analytical replicates
(5-7x1(f particles counted) and then averaged. The resudtitg sets were combined by
matching and recomputing the value fractions uridercombined intervals to 100%.
Data were acquired by an automatic acquisitionesystomposed of an IBM-AT
computer connected to the Coulter Counter main timibugh an interface adapter
(Boldrin et al., 1986).

SediGraph: the sample fraction <63 um was dispearsed6%. Na-hexametaphosphate
solution and ultrasonically treated (bath) for @i not exceeding 10 minutes. The
density of quartz was assumed for average padiefesity. Analysis temperature was
30°C, i.e., a density of 995.7 kgvand a viscosity of 0.8007 Pa s for the liquid.
Samples weighing 2.5 g were used.

The lower limits of the size range is different the three devices (<0.23, 0.5 and 0.63
um for SediGraph, Galai and Coulter respectiveBnsequently, the <0.5 um size
fraction is below the detection limit for the Gakmd Coulter systems. Therefore, the
correct way to compare results from the three umsénts for the overall set of samples
is to consider the grain size intervals which theyect. For SediGraph results, it was
consequently decided to set the cut-off at the tolweit of 0.49 um and then to

normalise the data to 100%.
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Statistical parameters (mean, median and sortimgjfr@quency distribution differences
were computed to compare results obtained withthiheee analysers: median and mean
indicate the central tendency of frequency distidny the sorting coefficient is a
measure of the standard deviation. Detailed arsbysthe differences for each pair of
instruments was made using the difference of freqges for each grain size interval.
Frequencies were computed for 7 grain size inter(all; 1-2; 2-4; 4-8; 8-16; 16-32;
and 32-63 um) and the mean differences of frequénoicyeach interval and pair of

instruments were computéd.

4. Results and Discussion

4.1 Natural and Synthetic Sandards

The preliminary phase of this study consisted obmparison of the Galai, Coulter and
SediGraph systems using two sets of standarda: (gtural reference material (garnet,
median values of 2.5, 3.85, and 12 um (8.64, 8102 &38¢), and (ii) synthetic
standard polystyrene divinyl benzene (P.D.V.B) &tdx spheres, median values 5.22,
9.0, 13.9 and 19.1 pm (7.58, 6.80, 6.17 and¢.71

The garnet standard has a density of 3.85 ¢, émproduced by Micromeritics, and is
regularly used as a reference material (for cdidkm for the SediGraph. A quantity of
0.5 g in 25 ml of deionized water containing 0.0®ight percent of sodium
metaphosphate is usually adopted during testing.

The latex spheres standard is regularly used efeeence for the Coulter Counter. The

spheres are durable and do not change in size & afidhe electrolyte solutions used

“The raw data, which cannot be printed here fortwéspace, may be obtained by writing to the argtho

8
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with the instrument. A number from 1 to 5 drops $@ml are usually adopted for both
50 um and 280 um aperture sizes.
Figurel shows scatter plots of median values for the stamdards analysed using the
three instruments and taking into account thetfaadt garnets and latex spheres are used
as an internal test for SediGraph and Coulter sy, to check if the instrument is
working well. Comparison between median values must be carriedising the phi
scale as it is linear.
The Coulter results for the 8.64, 8.02 and Gp3$arnets were shifted slightly, median
values falling at 8.58 (-0.7%), 8.20 (2%) and 6(2%) ¢ respectivelyThe Galai results
for the same size garnets were also shifted toweodsser values, but with greater
differences, median values falling at 8.07 (-7%807-3%), and 6.05 (-5%) Figure 2
compares frequency histogram distributions for ttiree garnet standards analysed by
Galai and Coulter. The Galai results for the 7&80, 6.17, and 5.7¢ latex spheres
were slightly shifted towards greater median valld®e results plotted at 7.43 (-2%),
6.70 (-1%), 6.14 (-0.5%), and 5.67 (-0.7%byespectively. These particular standards

cannot be analysed by the SediGraph, due to thatinstic composition.

4.2 Natural Sediments

The differences between the mean and sorting valti€alai, Coulter and SediGraph
were compared using the linear phi scale (as aldad). J.

The mean values estimated by the Galai and Coistruments for core samples
differed by a maximum of 0.6¢, whereas those estimated by the SediGraph showed
differences of up to 1.5¢ with respect to Galai and 1.%Awith respect to Coulter. As

regards values obtained by applying a cut-off @©O0um to the SediGraph data, the
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differences among the means produced by the vamstisiments fell greatly: up to 0.3
¢ between Galai and SediGraph, and up to @.B&tween Coulter and SediGraph.
Greater variability was found between the meanssorea by the three instruments for
surface samples. Those of Galai were slightly lo(@earser grain sizes) than those of
Coulter, where higher values, up to 1@avere found with respect to SediGraph, using
a cut-off value of 0.49 um. The differences wereeatuated when comparing Coulter
and SediGraph (up to 2.3g. A qualitative check of surface samples was akwied
out under the optical microscope, and revealegtbsence of particles between 20 and
30 um. From a mineralogical viewpoint, the preseoicepaques and heavy minerals
was shown.

The sorting estimates of Galai were lower than eéhaisCoulter in almost all samples
with larger deviations in the deep-sea core sedisn@rab.1).

The analysis of moment statistics showed the gobddtween the measurements
recorded by the three instruments on core samples fraction), whereas there were
obvious differences in surface samples (coarsenvfich Galai determined larger grain
sizes than Coulter and finer than SediGraph. ThdBences were probably due to the
lack of precision of Coulter in measuring high-dgnsoarse particles, which do not

long remain suspended in the aqueous suspensidnrudes work.

4.3 Comparison of standards with natural sediments

Figure 3 compares the median values of standamdisesiments obtained using Galai,
Coulter and SediGraph. The dissimilarity between résults increased with increasing
sample heterogeneity. In the Galai Coulter comparison (Fig. 3A), the median values

of the latex spheres plotted very close to thedhisg those of garnets were close to it,

10
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and those of sediments were highly scattered. #tine@ borne in mind that latex spheres
represent a perfect suspension, because the paréia truly spherical. Comparisons of
SediGraphvs. Galai and SediGrapts. Coulter showed the same trend (Fig. 3B, C):
garnet median values were close to the bisectrtk sediment median values were
scattered along the plane, with an increase irmdiffces for coarser surface sediments.
Since the three methods measure different phyproglerties, these deviations may be
explained by irregularly shaped grains and diffeqgarticle densities. The SediGraph
defines a particle diameter as equivalent to that gphere settling in the same liquid at
the same speed as the particle of unknown sized&hsity of quartz is assigned to the
sphere.

The presence of heavy minerals observed undergtieab microscope indicates that,
although their sedimentation rate is higher tha ti quartz, they may be the cause of
the shift towards coarser values shown by SediGoapdurface samples.

Comparisons of the difference in frequency distitms between Galai and Coulter
showed that the dissimilarities between the insémnits were in the 1-2 um (Galai lower
~ 10%) and 4-8 um size intervals, with higher valfm Galai in the coarser interval
(Galai higher ~ 15% for deep-sea core; ~ 8% forfaser sediments). The Galai
instrument therefore shifted towards coarser foastiin both surface and deep-sea
sediments (Fig. 4 A and B).

Comparisons of the difference in frequency distidns of SediGraplvs. Galai and
Coulter showed differences between deep-sea catesarfiace sediments. SediGraph
detected more patrticles in the <1 um size inteivaleep-sea core samples (Fig. 4 C
and E), and in the >32 um in surface samples @#y.and F). Galavs. SediGraph

frequencies were on average higher in the 2-4 pan4a® pm intervals, byl 8% and

11
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10-13% in the overall sets of samples respectivialygontrast they werél 8% less in
the <1 pm in deep-sea core samples(@a@0% less in the 32-63 pum interval in surface
sediments.

A mineralogical study (Guerzoni et al., 1996) shdwleat our deep-sea core sediments
included calcite, dolomite and clay minerals @Jitchlorite, smectite, kaolinite) in the
<2 um fraction. Analysis of the samples by SEM abkowed that some of the samples
were biogenic, mostly coccoliths and diatom frussulwith a density much lower than
that of quartz grains (2.65 g ¢ In particular, one deep-sea core sediment was
classified as a tephra, i.e., rich in volcanic gld3article shape and density are likely to
be the most important factors in measuring graa.si

In the deep-sea core sediments the low densitjogebic components and the shape of
clay minerals may explain the dissimilarities i fimer grain size interval between the
SediGraph and the other devices. In the surfacenseds, the higher density of heavy
minerals may explain the SediGraph shift towardsenumarser values, with respect to
Coulter and Galai.

Therefore, all the techniques that employ Stokdisgt(pipette analysis, SediGraph
etc.) are likely to be inaccurate for determiniragtigle size in samples which contain

mixtures of materials.

4.4 Relation between Galai and SediGraph analysis

The relationships between the data obtained bytwleinstruments were estimated
using variation/residuals analysis within indivitligervals. Although the low number

of samples (20) did not allow us to make a gerszdlistatement of our results, we

emphasise that this is a preliminary attempt wisigaificant outcome.

12
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The residual values between Galai and SediGraghvdate derived using the following
formulae:

Residual values = (% Galai — % SediGraph) / % Galai
Residual values were plotted SediGraph data in Figure 5.
The residuals are normalised factors which aredependent on the magnitude of the
frequency in the considered grain size intervale Tasidual values tend to zero in
comparison to coincidental data series and termdstant values for linearly correlated
data series. Variable residual values indicatettiere is no a linear correlation between
the series.
In the plots of Fig. 5, residual values were lilgaelated to Sedigraph data in the 2-4
pum (r=-0.82, p<0.001; slope=-0.022) and 4-8 umQi88, p<0.001; slope=-0.022)
intervals. The correlation coefficient decreasethm 8-16 um interval, and there was a
corresponding increase in the slope (r=-0.73, @31).8lope=-0.054), which indicated
an increase in the variability of the residualgnficant correlation was not found in
the 16-32 um (r= 0.39, p=0.082) interval.
The increase in the variability of the residualghe coarser grain size intervals (8-16
pm and 16-32 pum) may indicate a greater heterogehjthysical properties (shape and
density) of the particles.
The <2 um SediGraph values were compared with hgm, <2.5 pm, <4 um and <8
um Galai values. Table 2 lists comparable Galai$ediGraph fractions.
Deep-sea core sediments showed that the SediGraphnx and the Galai <4 pm
fractions plot in the ranges 45.5-53.8% and 47.5%3respectively. Surface sediments

showed greater differences (SediGraph: 21.0-47 G%ai: 21.3-49.4%). Comparison

13
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between the <2 um and <8 um fractions showed \&geldifferences (Galai <8 pum
core: 77.4-85.7%; surface sediments: 47.0-84.1%).

Similar comparisons are given for SediGraph reswits cut-off at 0.49 um and Galai
results (Tab.2). The deep-sea core sediments shihaethe SediGraph <2 um and the
Galai <2.5 um fractions plotted in the ranges Z814%6% and 27.9-31.6% respectively.
In short, the SediGraph <2 um fraction matchesbetith the Galai <4 um fraction.

Our results showed that the <2 um SediGraph vali®ut cut-off correspond to the
<4 um Galai analysis (r= 0.79, p < 0.01), whilesthof the <2 um SediGraph with cut-
off correspond to the < 2.5 um Galai analysis (fA60p < 0.01).

In Figure 6, residuals derived from comparison ®fism SediGraph values, and <2 pm
and <2.5 um Galai values were plottsd<2 um SediGraph values. The <2.5 um Galai
corresponded better with <2 um SediGraph than thigh<2 um Galai. Indeed, with the
exception of three surface sediments, the residakles computed between <2 um
Sedigraph and <2.5 um Galai were close to z&0d?). In contrast, residuals computed
between <2 um Sedigraph and <2 um Galai were dhifiwards negative values (from
0 to —0.6).

We conclude that the size yielded by SediGraphatillays differ from that determined
by Galai. Nevertheless, the method of measuring giae intervals in the two devices,
using the lower SediGraph cut-off limit of 0.49 pafipws better comparison of data.
The same type of comparison between SediGraph antte€ was attempted, but the

results were very poor (Tab. 2).

14
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5. Conclusions

1. Discrepancies in results among the three instrusngmreased from standards to
sediments due to greater matrix complexity. Diffees were attributed to the
variability of physical properties (shape, denstg.) due to the heterogeneity of
particle composition, confirmed by microscope asialy

2. The comparison between moment statistics dematedt that Galai determined
coarser grain sizes than Coulter and finer than@agh. The differences were
more marked in analyses of surface sediments, wherke coarser, for which Galai
provided mean values which are up to 1glldwer than those of Coulter and up to
1.96 @ higher than those of SediGraph. The comparisowdsst moment statistics
may be carried out only considering the analytiGmige common to all three
instruments, with a SediGraph data cut-off value.db pum.

3. Comparisons among the frequencies calculated fir @ain size intervals (<1; 1-2;
2-4; 4-8; 8-16; 16-32; and 32-63 um) revealed diffiees among the measurements
supplied by the instruments. In Gala. Coulter analysis frequency values were
~10% lower in the 1-2 um interval, and ~15%, (dsep-core) and ~8%, (surface
sediments) higher in the 4-8 um interval.

4. The analysis of residuals within individual intelvdbetween SediGraph and Galai
showed a higher variability of residuals for theaiser (8-16 pm and 16-32 pm)
compared to the finer fraction. This may indicatgreater heterogenity in physical
properties (shape and density) of the particldbese coarser grain size intervals.
The <2 um SediGraph analysis, with cut-off at Qu9, corresponded well with the

<2.5 um Galai analysis.
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Figure Legends

Fig. 1 Comparison of median values for referene@dards: (A) garnets (SediGraph
standard). Galai and Coulter results shown in >§,asandard reference values
in Y axis; (B) latex spheres (Coulter Counter stadyl analysed by Galai. Galai
results shown in X axis, standard reference valu&saxis.

Fig. 2 Comparison of frequency histogram distribngi of three garnet standards
analysed with Coulter and Galai.

Fig. 3 Median values for sediments and standaadeXIspheres and garnets). (A) Galai
vs. Coulter; (B) SediGraph vs. Galai; (C) SediGraphCoulter.

Fig. 4 Mean differences between frequencies fongie intervals reported in X axis.
A, C, E: deep-sea core sediments. B, D, F: surfeediments. Standard
deviations are indicated by bars.

Fig. 5 Residual values (see text for explanatidoftedvs. SediGraph 2-4 um, 4-8 um,
8-16 pm and 16-32 um fractions.

Fig. 6 Residual values derived from comparison2fisn Sedigraph values and <2 pm

and <2.5 pm Galai values plottesl <2 pum SediGraph values.
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Table 1. Galai, Coutler and SediGraph mean, median and sorting statistics for deep-sea core (C) and surface sediments (S).

Sample Galai Coulter SediGraph SediGraph Galai Coulter SediGraph SediGraph Galai  Coulter
S Mean Mean Mean Mean* Median Median Median Median* Sorting Sorting SediGrap SediGrap
Sorting  Sorting*
N. ¢ Hm ¢ Hm ¢ Hm ¢ Hm ¢ Hm ¢ Hm ¢ Hm ¢ Hm ¢ ¢ ¢ ¢
C-525 8.2 35 8.2 33 9.7 1.2 8.5 2.7 8.0 4.0 8.5 2.7 9.3 1.6 8.2 3.4 1.2 15 2.7 1.6
C-534 8.1 3.8 8.5 2.8 9.4 15 8.5 2.7 8.0 4.0 8.8 2.3 9.1 18 8.2 35 12 14 25 17
C-545 8.1 3.8 8.2 34 9.6 13 8.4 2.9 8.0 4.0 8.5 2.7 9.2 17 8.1 3.8 13 1.7 2.7 17
C-554 7.9 4.1 7.8 4.5 9.6 13 8.4 3.0 7.9 4.2 8.1 3.6 9.1 18 8.0 3.9 13 1.7 2.7 17
C-564 7.9 4.2 8.3 33 9.7 1.2 8.5 2.8 7.9 4.2 8.6 25 9.3 1.6 8.1 3.7 13 15 2.7 1.6
C-574 8.1 35 7.9 4.3 9.2 1.7 8.3 31 8.0 3.9 8.0 4.0 8.8 2.2 7.9 4.1 12 15 2.6 17
C-584 8.1 3.6 8.0 4.0 9.0 19 8.3 31 8.0 3.9 8.0 3.8 8.7 25 7.9 4.3 13 16 2.7 17
C-594 8.1 35 7.8 4.4 9.4 15 8.3 31 8.0 3.9 8.0 4.0 8.9 21 8.0 4.0 12 13 2.8 1.6
C-604 8.1 3.6 8.8 2.3 8.8 22 8.1 3.7 8.0 3.9 8.8 2.3 8.3 3.2 7.6 51 12 0.7 3.1 17
C-614 7.9 4.1 8.2 33 9.5 14 8.3 31 7.9 4.2 8.5 2.7 9.0 2.0 7.9 4.2 13 1.2 2.9 1.6
S-89 7.3 6.4 75 55 8.7 2.4 7.6 5.2 7.5 54 7.9 4.3 8.4 3.0 7.2 6.9 1.6 1.7 3.0 21
S-26 6.7 9.9 7.8 4.6 6.7 9.4 5.9 17.1 6.1 14.6 8.0 3.9 5.3 24.8 5.0 30.6 14 1.7 2.8 17
S-B1 7.2 6.9 7.4 6.0 8.1 37 7.3 6.2 7.2 6.6 7.1 7.2 7.5 5.7 6.9 8.6 14 1.6 2.7 1.9
S-B2 7.1 7.5 7.5 5.7 8.0 4.0 7.1 7.1 7.2 6.9 7.3 6.4 7.2 6.6 6.6 10.1 15 1.7 2.7 1.9
S-B7 7.4 6.0 7.7 4.7 8.2 33 7.1 7.2 7.5 5.6 7.8 45 7.5 5.6 6.4 115 15 1.6 3.0 2.0
S-B8 6.9 8.6 7.0 7.7 5.7 18.6 5.6 20.8 6.8 9.2 7.0 7.7 5.4 24.0 5.3 25.0 14 1.6 1.9 1.3
S-F381 7.8 4.6 7.9 4.3 6.0 15.8 5.2 26.8 7.8 45 8.5 2.7 4.9 32.8 4.8 35.0 14 1.6 2.3 1.2
S-F382 6.7 9.8 7.4 6.0 6.3 12.9 55 22.1 6.7 9.7 7.5 54 5.0 30.3 4.9 33.1 1.7 1.7 25 14
S-F383 6.9 8.5 7.6 5.2 6.8 8.7 5.8 18.5 6.7 9.4 7.8 45 5.3 255 5.0 30.6 1.6 19 3.2 1.6
S-F44 8.1 3.6 8.2 35 8.7 24 7.7 4.7 8.0 4.0 8.4 3.0 8.7 24 7.2 6.8 1.3 1.3 3.3 2.2

* SediGraph results with the cut off at 0.49 um



Table 2
Comparison between SediGraph and Galai system#fefet size fractions for deep-sea core (C) and
surface sediments (S)

Samples N.  SediGraph Galai Galai SediGraph Galai Coulter Coulter

<2um <4um < 8um < 2um* <2.5pum < 4pm <2um

(>99 (>89) G719 (>99 (>8.69) >89 (>99)

C-525 53.8 53.6 85.7 34.0 30.6 63.7 34.3
C-534 52.0 49.9 83.3 34.5 28.0 67.79 40.9
C-545 52.3 50.4 81.1 31.4 29.6 62.11 36.5
C-554 52.0 47.1 77.4 30.9 28.2 52.27 30.0
C-564 53.5 47.9 78.6 31.6 27.9 66.18 37.2
C-574 48.0 52.0 84.6 29.3 30.2 48.48 26.7
C-584 46.3 51.5 82.0 27.1 31.4 52.67 29.3
C-594 50.0 52.2 85.1 30.1 29.6 49.92 21.1
C-604 455 51.2 84.3 25.4 30.1 88.14 38.8
C-614 51.7 47.4 77.6 28.8 26.4 65.77 32.8
S-89 42.5 34.1 62.4 21.2 18.1 47.57 21.6
S-26 21.2 21.3 39.5 8.1 11.6 51.36 31.0
S-B1 34.3 28.4 55.3 19.2 15.2 34.59 20.5
S-B2 31.2 28.1 53.3 15.8 15.3 36.98 21.8
S-B7 36.6 35.1 60.6 17.7 20.1 46.33 27.4
S-B8 9.8 22.9 47.0 3.6 10.8 27.74 14.2
S-F381 14.7 44.0 71.8 4.4 26.5 65.31 35.9
S-F382 17.2 255 46.8 5.6 13.3 41.06 21.6
S-F383 21.6 28.0 47.7 7.5 15.8 46.33 28.7
S-F44 47.5 49.4 84.1 27.2 28.2 62.09 25.4

* SediGraph results with the cut off at 0.49 um
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