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Abstract: A laser-light scattering method was evaluated from the viewpoint of the mea-
surement ability of concentration and size distribution of microparticles in molten ice core
samples.  It was demonstrated that analysis can be performed with 10% accuracy by diluting
the sample with ultrapure water by 50 times to eliminate coincidence loss.  Using this
method, the concentration and size distribution of microparticles were determined on 2829
samples from a 2503 m deep ice core drilled at Dome Fuji, Antarctica.  The present paper
shows the profiles of number and volume concentrations through the whole depth and the
changes in the size distribution through three glacial cycles in the past 320 k-years.
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1. Introduction

Ice sheets in polar regions contain solid microparticles derived from land area in the
past.  These provide valuable information related to changes in land area environment and
atmospheric circulation.  Studies have been performed on solid microparticles in ice cores
from various viewpoints such as long term variations including the last glacial (Thompson
and Mosley-Thompson, 1981; Petit et al., 1981, 1999; De Angelis et al., 1984; Steffensen,
1997;  Delmonte et al., 2002), decadal to centennial time scale variations (Mosley-Thompson
and Thompson, 1982; Maggi and Petit, 1998; Fujii et al., 2001), seasonal changes
(Thompson et al., 1975: Fujii and Ohata, 1982; Steffensen, 1988; Ram and Koening, 1997),
dust source area (De Angelis et al., 1992; Biscaye et al., 1997; Basile et al., 1997), optical
depth of dust (Royer et al., 1983), interaction between climatic variations and terrestrial envi-
ronment changes (Grousset et al., 1992; Zielinski and Mershon, 1997; Steffensen, 1997), and
so on.

Detailed records of microparticles in ice cores in Antarctica have been obtained on
decadal to millennial time scales (Gliozzi, 1966; Mosley-Thompson and Thompson, 1982;
Mumford and Peer, 1982; Fujii and Watanabe, 1988; Maggi and Petit, 1998).  However, few
studies have been carried out on microparticle on the time scale of glacial cycles (Petit et al.,
1999).  Detailed long-term changes of dust concentration in ice cores are essential to evalu-
ate the roles of dust in terrestrial environment change and in climate change during glacial
and interglacial cycles.
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In the present study, we evaluated the details of concentration and size distribution of
microparticles in the 2503 m deep ice core from Dome Fuji, Antarctica.  Up to the present, a
Coulter Counter has been widely used for the analysis of microparticles in ice cores
(Thompson and Mosley-Thompson, 1981; Petit et al., 1981; Fujii and Watanabe, 1988;
Steffensen, 1997; Maggi and Petit, 1998; Delmonte et al., 2002).  However, when seen from
such viewpoints as prevention of contamination in pre-treatment of the sample or influence
of noise during measurement of analytical values, this is not the best method for the purpose.
For decontamination purposes the inner section of the NGRIP Greenland ice core was used
for high resolution particle analysis with a laser light scattering method on a flow-through
basis (Ruth, 2002; Ruth et al., 2002).  In our present study, we use a light-scattering laser par-
ticle counter on a batch basis instead of a Courlter Counter to minimize contamination and
miscounting.  We here verify the useful features of analysis using of the laser particle
counter.

2. Analysis

2.1. Pre-treatment
The ice core obtained at Dome Fuji was cut into three pieces: A, B and C, representing

60%, 25% and 15% of the horizontal cross-section, respectively.  Core C was used for analy-
ses of the microparticles, major chemical components, pH, and electrical conductivity.  For
the analysis, the core C sample was cut to 7 cm in length in a low temperature laboratory.  A
surface layer about 5 mm in thickness was removed in a clean bench using a ceramic knife,
and a sample piece thus cut off was placed into a pre-cleaned polypropylene container.

Then, the surface several mm was washed off using ultrapure water in a clean room of
class10000 at room temperature, and the sample was placed into a polypropylene container
rinsed in advance and was spontaneously thawed.  For microparticle analysis, 1 ml of each
sample was placed into a glass container after thawing using an auto-pipette, and was dilut-
ed with 50 ml of ultrapure water.  The polypropylene container, the glass bottle, and the auto-
pipette tip had been washed with ultrapure water for 20 min using ultrasonic waves.  The pro-
cedure is summarized in Section 2.2.7.

2.2. Analysis using the laser particle counter
2.2.1. Principle of measurement

For the analysis, a laser particle counter (Met One Model-211 with high concentration
sensor) installed in the clean room was used (Fig. 1).  This counter is a scattering type counter
using infrared laser light from a semiconductor laser diode.  Light scattering sensors detect
smaller particles than light-blocking sensors and are more effective at counting light-colored
particles (Met One, 1991).  The light scattered by the particles is focused on a photo diode
through a lens, and the intensity of light is measured.  The intensity of the scattered light is
proportional to the size of the particles.  Also, the number of pulses of scattered light indi-
cates the number of particles.  The photo diode converts the detected scattered light to elec-
tric pulses and sends the pulses to a pulse counter.  Figure 2 is a schematic drawing to show
the principle of detection.  Table 1 gives the major specifications of the laser particle counter. 
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Fig. 1.   A light scattering laser particle counter (Met One Model-211) located in a class 10000 clean room.

Fig. 2.   A light scattering laser particle sensor.

Table 1. Specification of light-scattering laser particle counter
(Met One Model-211 with high concentration sensor).

Item Specification

Light source Infrared laser diode
Laser life Up to 300,000 hours
Dynamic range 0.5–25 µm
Flow rate 50 ml min–1

Coincidence error Less than 10% at 10500 particles ml–1

Sensor supply voltage +15 V, –15 V (DC)



2.2.2. Measurements of particle concentration by Coulter Counter and laser particle
counter

For measurement of concentration of microparticles, the Coulter Counter has been used
by many scientists.  The present authors have also used the Coulter Counter (Model TA-II)
for measurements of concentration and size distribution of microparticles in a 700 m Mizuho
ice core from Antarctica (Fujii and Watanabe, 1988), a shallow ice core from Greenland
(Fujii et al., 2001) and Antarctic surface snow samples (Fujii and Ohata, 1982).  Both types
of counters have advantages and disadvantages.  When a Coulter Counter is used, it is neces-
sary to add salt solution such as NaCl to make the sample electrolyzed.  The filtering and
adding of this solution may cause contamination.  Also, the sample and the electrolytic solu-
tion to be added must be accurately weighed in order to maintain the electrolyzed state of the
sample at a constant level, this requires much time.  Further, electric noise of background
level hinders the measurement of smaller size particles even when the measuring apparatus
is placed in a shield case and is electrically grounded.  

Hammer (1977), Petit et al. (1981), and Ram and Koening (1997) introduced a light
scattering technique to measure relative dust concentration in polar ice meltwater.  This is a
rapid and effecitvie technique but provides only relative particle concentration.  In other
words, this is generally not suitable for the measurement of number/volume concentration
and size distribution for samples because coincidence loss is induced when a plurality of par-
ticles in a high particle concentration sample enters the view volume shown in Fig. 2.  For
this reason, the laser particle counter had not been used for the measurement of microparticle
concentration and size distribution of ice core meltwater except in a few recent works (Ruth,
2002; Ruth et al., 2002).  In the present study, we show that the measurement of microparti-
cles by using the light-scattering particle counter is possible within the accuracy of 10% by
diluting the sample with ultrapure water since the measurable maximum concentration of the
laser particle counter used, Met One Model-211, is 10500 particles per ml within the coinci-
dence error of 10%.
2.2.3. Time for measurement

In the laser particle counter used in the present study, the measurement time can be set
to one second or more in the unit of whole seconds.  To increase the accuracy of measure-
ment for the limited quantity of samples, it is necessary to increase the number of measure-
ments.  We changed the measurement time for the same sample to find out how far the mea-
surement time can be shortened.  As a result, it was found that sufficient measurement could
be made even when the measurement time was set to 2 s (Fig. 3).  The pause between mea-
surements is fixed to 1 s.
2.2.4. Checking by standard particles

To check the particle size measurement by this laser particle counter, standard size of
latex beads with number modal diameters of 0.492 µm, 1.089 µm and 1.868 µm were used.
Because the concentration of the standard particle is not known, it was diluted with ultrapure
water so that the concentration was within the maximum measurable concentration of this
apparatus.  The results are shown in Fig. 4.  Figure 4a shows the size distribution of the three
standard particle samples when measured separately.  Figure 4b represents the results of the
measurement on samples which were prepared by combining equal amounts of the three
standard particle samples from Fig. 4a.  Compared with Fig. 4a, particle size distribution is
shifted toward larger particle size.  This is caused by coincidence.  The coincidence loss is
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caused by that the scattered light from particles is turned to a single scattering event when
there are two or more particles in the sensor view volume.  Figure 4c shows the background
particle distribution of ultrapure water, which is used to dilute samples, obtained by 100 con-
tinuous measurements.  Figure 4d shows the results of measurement when the mixed stan-
dard particle sample is diluted with ultrapure water by 50 times in order to prevent coinci-
dence loss.  This result is closer to the size distribution pattern shown in Fig. 4a and it means
that there is no more coincidence loss.  This indicates the importance of setting the particle
concentration in the sample to be measured within the measurable concentration.
2.2.5. Dilution factor

Microarticle concentration in the core obtained in Antarctica exceeds the measurable
concentration of this particle counter (10500 particles per ml when coincidence error is with-
in 10%).  For this reason, it is necessary to dilute the sample with ultrapure water to eliminate
the influence of coincidence loss.  When dilution is used, the microparticle concentration of
the core sample must be obtained by subtracting the number of microparticles in ultrapure
water used for dilution from the measured value obtained in the diluted sample.  In this
respect, the higher the dilution factor is, the more the analysis error increases due to the
increase of measurement error in the particle concentration in the ultrapure water.  Therefore,
an optimal dilution factor must be determined from two viewpoints: influence of coincidence
loss and measurement error.
1) Influence of coincidence loss

The influence of coincidence loss was evaluated by using a molten Dome Fuji ice core
sample from 1127.97 m depth during a stadial of the last glacial.  Figure 5 shows the total
number concentration of particles larger than 0.52 µm in diameter when the dilution factor
was varied to 0, 10, 20, 30, 50, 75, 100 and 200 times.  As is clear from this figure, with the
increase of the dilution factor, the measured number concentration increases.  When the dilu-
tion factor exceeds 50 times or more, microparticle concentration reaches almost a constant
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Fig. 3. Microparticle number concentration for particle sizes of 0.52–0.63, 1.00–1.26, and 2.00–2.52 µm when
measurement time is changed.
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Fig. 4. a) Check on the ability of a laser
particle counter with standard particles
with number modal diameters of 0.492 µm,
1.089 µm and 1.868 µm.  Measurements
done separately for the standard particle
samples show the proper size distribution.
b) Coincidence loss appears when the
same quantity of standard particle samples
used for a) are mixed.  c) The background
particle distribution of ultrapure water,
which is used to dilute mixed samples of
b), obtained by 100 continuous measure-
ments.  Dashed lines show the probable
error.  d) Coincidence loss of the mixed
sample used for b) disappears when it is
diluted 50 times by ultrapure water.

Fig. 5. Check on coincidence loss by changing the
dilution factor for samples.  Total number concentra-
tion of microparticles larger than 0.52 µm in diameter
increases with dilution factor up to 50 times and then
reaches almost a constant value suggesting that there
is no influence of coincidence loss when the sample is
diluted by 50 times or more.



value suggesting no influence of coincidence loss.  Therefore, from the viewpoint of the
influence of coincidence loss, this indicates that the dilution factor must be set to 50 times or
more.
2) Measurement error

The microparticle concentration C of the molten core sample is expressed by the fol-
lowing equation:

(1)

where x denotes the dilution factor, Cb is the concentration of the microparticles in ultrapure
water, and Cm is the concentration of the microparticles in a mixed solution of ultrapure water
and the molten sample.

The measurement accuracy of the particle concentration C of the molten sample calcu-
lated from eq. (1) is determined by uncertainties of x and Cb, and by the probable error of Cm.
The probable measurement error rc of the microparticle concentration in the molten core sam-
ple is given by the following equation according to the law of propagation of errors:

(2)

where rx is the probable error of dilution factor, and rcm and rcb are the measurement probable
errors of the microparticles in the mixed solution and in ultrapure water, respectively.

From 100 consecutive measurements of the same sample of ultrapure water and stan-
dard particles, the measurement probable errors (rcm and rcb) and the concentration of
microparticles in ultrapure water (Cb) are obtained.  Using these values, the relative probable
error (rc/C) of the molten sample is calculated by eq. (2).

Figure 6 shows the relation between the relative probable error (rc/C) of the molten sam-
ple and the dilution factor (x) using the microparticle concentration C of the molten sample
as a parameter.  For the microparticle concentration C, we refer to the Vostok ice core data
(De Angelis et al., 1984).  As is apparent from Fig. 6, the higher the dilution factor, the
greater the relative probable error.  When the dilution factor is 50, the relative probable error
is 10% or lower.

Based on the above evaluation of the influence of coincidence loss and the relative prob-
able error, the dilution factor of the sample was set to 50.
2.2.6. Check by SEM 

For the purpose of checking the measurement coincidence loss of the sample diluted 50
times, the particle size distribution was measured for the samples of the last glacial at 521 m
depth of the Dome Fuji ice core by using SEM imaging (Fig. 7) magnified 7000 times.  The
sample was filtered through a nuclepore filter with pore diameter of 0.22 µm.  The measure-
ment of particle size was carried out using 6 SEM images.  Figure 8a shows the size-number
and size-volume distributions of microparticles larger than 0.25 µm in diameter based on the
SEM images.  The number concentration has a modal diameter between 0.40 and 0.52 µm.
This SEM result is a bit different from the size distribution peak of 0.50–1.0 µm in the Vostok
ice core (De Angelis et al., 1984).  The microparticle concentration decreases for diameters
larger than 0.52 µm and increases slightly for diameters between 3.17 and 5.04 µm.  So the
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volume concentration increases considerably with diameter larger than 3.17 µm.  Figures 8b
and 8c show the comparison of size-number and size-volume distributions of particles larger
than 0.52 µm in diameter, which is within the measurement range of the laser particle
counter, obtained by SEM image analysis and the laser counter method.  The relative number
and relative volume concentrations are shown in these figures.  If we consider the fact that the
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Fig. 6. Probable error of microparticle number measurement with a laser particle counter estimated by the law
of propagation of errors.  The probable errors for small microparticles with size of a) 0.52–0.63 µm and
b) 2.52–3.17 µm are less than 10% when the molten sample is diluted 50 times or less by ultrapure water.

Fig. 7. SEM image of microparticles at 521 m depth of the Dome Fuji ice core to evaluate the measurement
coincidence loss of the sample diluted by 50 times.



SEM images used are within the limited range of 0.002% of the total filtered area, the parti-
cle size distribution based on SEM images agrees well with the particle size distribution mea-
sured by the laser particle counter.
2.2.7. Analytical method

Prior to the measurement, the concentration of the microparticles contained in ultrapure
water in a washed glass bottle is measured.  If the particle concentration is within 100 parti-
cles per ml, sample measurement is performed.  If the concentration is higher than this value,
the glass bottle is washed again or ultrapure water is well circulated through a reverse osmo-
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Fig. 8. a)  Size-number and size-volume distributions of microparticles larger than 0.25 µm in diameter based
on the SEM image magnified 7000 times.  The number concentration has a peak in the size range
between 0.40 and 0.52 µm.  The volume concentration has a peak in the size range between 1 and 2 µm
and increases considerably with diameter larger than 3.17 µm.  b) Comparison of size-number distribu-
tion of particles larger than 0.52 µm in diameter obtained by SEM image analysis and the laser counter
method.  c) Comparison of size-volume distribution of particles as in b).



sis system (Milli-Q SP TOC, Millipore Co.) to purify the water.  Then, ultrapure water is col-
lected again, and microparticles in the ultrapure water are measured.  Into this glass bottle, 50
ml of ultrapure water with microparticle concentration of 100 particles/ml or less is injected
using a pipette, and the weight is determined with the accuracy of 0.01 g.  Then, into this
glass bottle, about 1 ml of the molten sample is injected using an auto-pipette, and the weight
is determined in the unit of 0.01 g.  Taking special care not to intermingle air bubbles, the bot-
tle is shaken to mix the ultrapure water with the sample.  Then, measurement is made using
the laser particle counter.  The flow rate of the sample sent to the sensor is 50 ml min–1, and
measurements can be performed for two seconds at one-second intervals more than 20 times
for one sample.  Because measurement error may be involved due to intermingling of air bub-
bles in the first few measurements and in the last measurement, the minimum measurement
result is adopted from all measurement data excluding these.  From the results of this mea-
surement, the microparticles contained in the ultrapure water used for dilution are subtracted
as blank, and this is regarded as the microparticle concentration data of the sample.  The mea-
surement was made by setting the measurement range to 10 channels, namely, 0.52–0.63 µm,
0.63–0.79 µm, 0.79–1.00 µm, 1.00–1.26 µm, 1.26–1.59 µm, 1.59–2.00 µm, 2.00–2.52 µm,
2.52–3.17 µm, 3.17–4.00 µm, and 4.00–5.04 µm.

3. Resulta and discussion

Concentration and size distribution of microparticles in the Dome Fuji ice core were
measured on 2829 samples.  The sample length is 6–8 cm cut at 0.5–1.0 m depth intervals to
have 100–200 year time resolution.

3.1. Concentration of microparticles
Figure 9 shows the profile of oxygen isotopic ratio of the Dome Fuji ice core for the past

320 k-years, and profiles of number and volume concentrations of the microparticles.  The
number concentration represents the total number of  microparticles in 1 ml of meltwater
sample in the particle size range of 0.52 µm to 5.04 µm when it is assumed that each particle
is spherical.  The oxygen isotopic ratio profile and age of the core were quoted from
Watanabe et al. (1999) and Watanabe et al. (2003), respectively.  Cold and warm climate
stages are indicated in the figure based on the oxygen isotopic ratio profile.  The oxygen iso-
topic ratio in each glacial cycle is not always the same but follows a similar pattern; the same
alphabetical letter indicates corresponding climate stages.

The concentration profile of microparticles shows several features:
1) The most obvious feature is that the concentration is highest in the coldest stages (B,

B’, and D”) of the glacial and is low in the Holocene (A) and the interglacials (A’, A”, and
A’’’).

2) The concentration is still low even in the early cold climate stage (F, F’, and F”) of
the glacials.  Also, the climatic condition shown by the oxygen isotope ratio was almost equal
in climate stages B and D as well as B’ and D’, but the concentration of microparticles
reached the highest value in the last cold period (B and B’) in the glacial when the sea level
was lowered most.  This may be explained by the fact that microparticle transport onto the
Antarctic ice sheet does not only depend on the climatic condition but also on the extent of
microparticle source areas surrounding Antarctica, the major source area being Patagonia
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(De Angelis et al., 1992; Grousset et al., 1992; Basile et al., 1997; Iriondo, 2000).
3) In glacial cycle III, a major peak of microparticle concentration appeared only once

in climate stage D”, which is different from the other glacial cycles.  In the climatic condition
shown by the oxygen isotopic ratio, stage B” in the last stadial of the antepenultimate glacial
is not the coldest.  Microparticle concentration reached the peak value in stage D”, this sug-
gests that the sea level may have decreased the most during this period and the continental
shelf was extensively exposed to the air in the southern part of South America.

4) Comparing peak values of the microparticle mass concentration of the glacials in the
Dome Fuji core with those of the Vostok core, Dome Fuji peaks of 1.1–1.5 µg g–1 coincide
well with the Vostok values of 1.0–1.6 µg g–1 (Petit et al., 1999).  This suggests that dust
transport from the source area to these Antarctic inland places and snow accumulation dur-
ing the coldest period of the glacials were not so different from each other. 

5) It is evident from Fig. 10 that the concentration of microparticles in the Dome Fuji
ice core does not depend linearly on air temperature.  In Fig. 10, the values were obtained
from the oxygen isotopic ratio and microparticle number concentration profile shown in Fig. 9
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Fig. 9. Profile of oxygen isotopic ratio of Dome Fuji ice core for the past 320 k-years (Watanabe et al., 1999),
and profiles of number and mass concentrations of the microparticles.  The mass concentration is
expressed in µg g–1 assuming a dust density of 2500 kg m–3.  Climate stages are shown in the figure based
on the oxygen isotopic ratio profile.



by cutting off the 5000 year or less fluctuations and by averaging data for every 1000 years.
From this figure, it is clear that the microparticle concentration is in the range of approxi-
mately 10000–50000 particles per ml in the warm period when the oxygen isotopic ratio was
–56‰ or more.  The warm periods of –56‰ or more include the Holocene (A) and inter-
glacial periods (A’, A” and A’’’) as well as the initial interstadials of each glacial (E, E’ and
E”).  During these periods, the decrease of sea level was not yet extreme, and the source area
from which microparticles were generated was not very different from that of the interglacial.
Furthermore, these results suggest that the air temperature change in the warm period was not
associated with great changes in the ability to transport aeolian dust.

In cold periods when the oxygen isotopic ratio was less than –58‰, microparticle con-
centration fluctuated independently of air temperature.  The cold period with oxygen isotope
ratio less than –58‰ corresponded to the middle and final stadials in the glacial.
Microparticle concentrations during these periods show extensive change; this may be attrib-
uted to enhanced exposure of the continental shelf due to the sea level lowering.

3.2. Size distribution of microparticles
The profiles of number concentration for 10 particle size ranges are presented in Fig. 11.

In this figure, climate stages are the same as shown in Fig. 9.  The concentration of micropar-
ticles smaller than 1.26 µm shows a peak value exceeding 50000 particles per ml in the final
stadial of the glacial and also shows several thousands/ml or more even in the climate stages
when the concentration is decreased such as during an interglacial or early stadial of a glacial.
On the other hand, microparticles larger than 1.26 µm show high concentrations in the cli-
mate stages in the latter half of the glacial (B, C, D and the corresponding stages), but
decrease to several thousands per ml in the other climate stages.  For larger microparticles
with diameters of more than 2 µm, the concentration is lower than several hundreds per ml in
the last stadial of the glacial.  In the other climate stages, concentration decreased to several
hundred/ml or lower.

In order to facilitate explanation of the features of the size distribution, all measured
samples were averaged to one size distribution.  The average number distribution is shown in
Fig. 12 together with the standard deviation and the relative standard deviation.  The number
concentration decreases with increase of size as shown in this figure.  The maximum con-
centration appears in the particle range 0.40 to 0.52 µm based on SEM image analysis (Fig. 5).
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Fig. 10. Relation between d18O and microparticle
number concentration at every 1000 years extracted
from both smoothed profiles by cutting off the 5000
year or less fluctuations.  This figure suggests that
air temperature change is not associated with the
changes in microparticle number concentration,
which depends both on air transport ability and dust
source environment.



Also, for microparticles larger than 2.00 µm, number concentration reaches the minimum
value at 2.52–3.17 µm, and a small peak appears at 3.17–4.00 µm.  The characteristics of the
size distribution of microparticles larger than 2.00 µm will be discussed later.

The standard deviation of the average microparticle concentration throughout the
glacial cycles is approximately 15000–17500 particles per ml for particles between 0.52 and
1.26 µm, while it decreases considerably for particles larger than 1.26 µm.  However, the rel-
ative deviation increases with particle size and is almost constant for particles larger than 2
µm.

An overview of the characteristics of particle size distribution for each climate stage is
shown in Fig. 13.  This figure represents average volume concentration at each of the climate
stages.  The feature of volume concentration common to all climate stages in each glacial
cycle is modal diameter of 1.00–1.26 µm for particles with diameter smaller than 3 µm.  This
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Fig. 11. Profiles of microparticle number concentration for 10 particle size ranges through 3 glacial cycles.  This
figure shows that the fluctuation of smaller microparticles is small through the glacial cycles.



mode is different from the microparticles in the Dome C ice core (Petit et al., 1981; Delmonte
et al., 2002) which has a peak at around 2 µm diameter. 

The volume concentration of the microparticles has a minimum value for particles of
2.52–3.17 µm and it increases with particle size larger than this.  The tendency of volume
concentration reaching the minimum in relatively larger particle size and increasing there-
after with size is also found in the size distribution of microparticles in the 22 m deep core
from Northern Victoria Land, Antarctica (Maggi and Petit, 1998) and the GRIP deep ice
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Fig. 12. Average size distributions for number concentration, standard deviation and relative standard deviation
(standard deviation/average number concentration;%) in each climate stage of the glacial cycles.

Fig. 13. Characteristics of particle volume-size distribution for each climate stage.  The feature common to all
climate stages in each glacial cycle is that there is a peak in the particle size range of 1.00–1.26 µm and
a minimum in the particle size range of 2.52–3.17 µm, and it increases with particle size larger than this.
The dynamic range in each particle size tends to increase with size due to greater increase of larger par-
ticles during cold climate stages of the later glacial, probably by enhanced wind speed over the dust
source area and enhanced atmospheric circulation.



core, Greenland (Steffensen, 1997).  In the core of Victoria Land, volume concentration of
particles reaches the minimum in particle size of 3–4 µm in radius and it increases with par-
ticle size larger than this.  Maggi and Petit (1998) point out that particles larger than 3–4 µm
in radius may have originated from a local source and may have been transported over a short
distance.  The increase of volume concentration seen in the particles larger than 3.17 µm in
the Dome Fuji ice core may have been caused by particles originating from the Antarctic con-
tinent in the interglacial, the interstadials and the initial stadial of the glacial.  On the other
hand, the increase in the middle and the late stadials of the glacial may have been caused by
enhanced transport of aeolian dust onto the Antarctic ice sheet from a Patagonian continental
shelf that was extensively exposed due to sea level lowering.

The dynamic range of volume concentration in each particle size tends to increase with
diameter as shown in Fig. 13.  This means that transportation of smaller particles was rela-
tively constant through the glacial cycle but transportation of larger ones increased relative-
ly during colder stages of the late glacial, probably due to enhanced wind speed over the dust
source area and enhanced atmospheric circulation.

4. Cnonclusion

In the present study, we verified the usefulness and the features of an analytical method
to measure the concentration and size distribution of microparticles in an ice core using a
light-scattering laser particle counter, and we obtained the following results on concentration
and size distribution of microparticles in the deep ice core from Dome Fuji, Antarctica. 

1) By using the laser-light scattering method, it is possible to measure the concentration
and size distribution of microparticles without pre-treatment and in an easy manner by dilut-
ing the sample with ultrapure water by 50 times.  Analytical accuracy by this 50-times dilu-
tion method is estimated to be 10% based on the law of propagation of errors.  Also, we can
select the laser particle counter method since it requires less attention for pre-treatment of the
samples compared with the method using a Coulter Counter.

2) In glacial cycles I and II, air temperature was almost equal in the last two stadials,
while the concentration of microparticles reached a peak in the last stadial of the glacial. This
may be because the concentration of microparticles greatly depended on environmental con-
ditions of the particle source area around Antarctic continent such as the area of continental
shelves exposed to the air, in addition to air temperature, which may have exerted influence
on the air transport ability of aeolian dust.

3) In warm periods with oxygen isotopic ratio more than –56% (interglacials including
the Holocene and interstadials of the glacial), the concentration of microparticles did not fol-
low the changes of air temperature and remained at almost the same low level.  This suggests
that air temperature did not cause the changes in air ability to transport aeolian dust or in the
dust source area during this period.  In cold periods when the oxygen isotopic ratio was –58%
or lower (stadials in the glacial), the concentration of microparticles shows a change without
regard to the change of air temperature.  This may suggest that the quantity of microparticles
transported to the Antarctica during this period primarily depended upon the change in area
of continental shelves extensively exposed by sea level lowering.

4) The size distribution of microparticles in volume concentration as seen throughout
the glacial cycles is characterized by a peak in the particle size range of 1.00–1.26 µm and by
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an increase with particle size of 3.17–4.00 µm or more.  The increase of volume concentra-
tion in the particle size of 3.17–4.00 µm or more may indicate the possibility that it was
caused by microparticles which originated Antarctic continent in interglacials, interstadials
and initial stadial of the glacial.  The increase of volume concentration in the middle and the
late stadials in the glacial may have been caused by enhanced aeolian dust generation by
strong winds blown from the continental shelves exposed by sea level lowering in these peri-
ods.

5) Dynamic range of volume concentration in each particle size tends to increase with
diameter.  This may be caused by much enhanced transportation of larger particles during
colder stages of the late glacial probably due to the enhanced wind speed over dust source
area and enhanced atmospheric circulation.
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