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BLACK MAGNETIC SPHERULES FROM THE GLACIAL AND
SEA ICE OF FLETCHER'S ICE ISLAND (T-3)

Richard Scattolini, Master of Science
The University of North Dakota, 1972

Faculty Advisor: Professor John R. Reid

Black‘magnetic spherules are particles which can be derived by
ablationary processes from cosmic sources. Spherﬁles from both the
glacial ice and sea ice of Fletcher's Ice Island (T-3) were ztudied to
determine their size distribution, sedimentation rates, and other para-
meters. . The results were examined and shown to be similar to those of
other researchers' work elsewhere.

Calculated sedimentation rates for glacial ice spherules,
extrapolated for the entire earth's surface, range from 1.1 x 10% to
1.1 x 10° metric toms par year. Calculated sedimentatiom rates for
sea ice spherules range from 5.0 x 103 to 1.6 x 10° metric tons per
year. Vertical variations in cumulative mass for closely spaced
glacial ice cores indicate a similarity of dépositional pattern.

This study represents the first known occurrence of spherules
in Arctic sea ice but, does not explain the mechanism by which such

particles are included. Any acceptable interpretation requires an

explanation of the presence of spherules at depth in the sea ice.




BLACK MAGNETIC SPHERULES FROM THE GLACIAL AND

SEA ICE OF FLETCHER'S ICE ISLAND (T-3)

by
Richard Scattolini

Bachelor of Arts, Temple University 1969

A Thesis
. Submitted to the Faculty
of the
University of North Dakota
in partial fulfillmént of the requirements
for the degree of

Master of Science

Grand Forks, North Dakota

Decamber
1972




- This thesis submitted by Richard Scattolini in partial fulfill-
ment of the requirements for the Degree of Master of Science from the
University of North Dakota is hereby approved by the Faculty Advisory
Committee under whom the work has been done.

QL K Rt

’ / (Chairman)

,/me : 7"/. 724_/)"_5,

(7 Zé%(éa% Qﬁxﬁﬂwﬂ,&/&

Dedn of the Gradu?"e School

361670




Permission

BLACK MAGNETIC SPHERULES FROM THE GLACIAL AND SEA ICE
Title OF FLETCHER'S ICE ISLAND (T-3)

Department , Geology

Degree , : Master of Science

In presenting this thesis in partial fulfillment of the
requirements for a graduate degree from the University of
North Dakota, I agree that the Library of this University
shall make it freely available for inspection. I further
agree that permission for extensive copying for scheolarly
purposes may be granted by the professor who supervised my
thesis work or, in his absence, by the Chairman of the
Department or the Dean of the Graduate School. It is under-
stood that any copying or publication or other use of this
thesis or part thereof for financial gain shall not be
allowed without my written permission. It is alsa under-
stood that due recognition shall be given to me and to the
University of North Dakota in any scholarly use which may
be made of any material in my thesis.

. 2. 7. .
Signature %/M

Date ' /{/fo/zz




ACKNOWLEDGMENT S

1 an grateful to Max C. Brewér, former director, and John
Schindler, present director, of the Naval Arctic Research Labora-
tory for their assistance in sample shipment for this unsupported
research.

I am indebted to the Geology Department at the University
of North Dakota for supplies and use of facilities. Dr. John R.
Reid deserves special thanks for critically reviewing the manu-
script. Drs. John é. Reid and Frank R. Karner are thanked for
helpful discussions. Dr. Francis T. C. Ting deserves special
thanks for computer programming assistance,

I am indebted to Mr. R. B. Finkelman of the U. S. Geological
Survey for his review of the manuscript.

I am indebted to the U. S. Bureau of Mines in Grand Forks
for making the electron microprobe available to this study, Mr. W.
Beckering is thanked for performing the analyses.

I also would like to thank Mrs. Rose for typing the manu-

script.




ACKNOWLEDGMENTS . .
LIST OF TABLES . .
LIST OF FIGURES . .
ABSTRACT . . . . .
INTRODUCTION . . .
ORICIN OF SPHERULES
PREVIOUS T-3 WORK .
FIELD COLLECTION .

SPHERULE SEPARATION

.

SPHERULE IDENTIFICATION

MEASUREMENTS . . .

COMPUTED PARAMETERS

L)

AND

GLACTAL ICE RESULTS .

SEA ICE RESULTS . .
DISCUSSION . . . .
SUMMARY . . . . . .
. RECOMMENDATIONS . .
APPENDIX A . . . .
APPENDIX B . . . .

REFERENCES CITED .

TABLE

» - . s s
- . 2 e -
» LY - »
- - - » -

» . - -
. = o« » .
. - - - -
x » L .
PO . = -
- - » . .
- - [y . .

OF CONTENTS

. . = . -
. - . - - -

- » » » .
. . . 0 . -
- s s s s »
- . . s o -
- - - »
* » « e » »

ASSUMPTIONS . . » +

- = LY -
. . . 0w -
» . . - .
- L .
- - . ..
- - s a -
- = - -
- . LI »

Page
iv
Avi
vii

viii

11
15
20
21
24
31
37
46
47
49

53

171




LIST OF TABLES

Table - Page
1. Assumed Ice Accumulation Rates for T-3 Ice Cores .'. . . s 22

2. Statistical Parameters for Spherules From Glacial
Ice Cores . + « v v & v vt v b e e e e e e e e e e . 25

3. Statistical Parameters for Spherules From Sea Ice
COTES  + + = v v v v s o s s s o s s a o s o s 2 « o o o = 32

4. Comparison With Other Researchers' Sedimentation
RAEEE o o v + o o o % o o o & s o b o v o m e e e s e s e 45

vi




LIST OF FIGURES

Figure ' Page
1. Sketch Map of T-3 Showing Core Locations . . . . « « « + . . i0
2. Photograph of the Clean Box Enclosure . . « + + « + « « « - 13

3. Photographs of Black Magnetic Spherules Showing
Surface Fealtures . . o+ 4 v 4 ¢ & = o s 5 « = o o o o 2 + 17

4. Photograph of Typical Black Magnetic Spherules . . . .« . . . 19

5. Cumulative Percentage of Numbers of Spherules
for the T-3 Glacial Ice Plotted Against
Spherule Diameter . . . . ¢ ¢ o ¢ ¢ 4+ 4 4 e e e e e e 27

6. Variations of Spherule Cumulative Mass Plotted
Against Depth for 3 Short Glacial Ice Cores . . . . . . . 29

7. Cumulative Percentage of Spherule Numbers Plotted
Against Spherule Diameter for T-3's Colby Bay
Sea ICE v v v v v e w e e e e e e v e e s e e e e e 34

8. Variations of Cumulative Mass Plotted Against
Depth for Two Sea Ice Cores . . . . . . « ..« .« . « . . . 36

9. Comparison of Composite Samples with Theoretical
CUTVE v v e v v v s s s s o a o e s e s e e e e e e e 41

10. Cumulative Percentage of Numbers of Spherules
Plotted Against Spherule Diameter . . . . + + « & » + + . 44

vii




ABSTRACT

Black magnetic spherules are particles which can be derived by
ablationary processas from cosmic sources., Spherules from both the
glacial ice and sea ice of Fletcher's Ice Island (T-3) were studied to
determine their size distribution, sedimentation rates, and other para-
meters. The results were examiﬁed and shbwn to be similar to those of
other researchers' work elsewherea.

i Calculated sedimentation rates for glacial ice spherules,
extrapolated for the entire earth’s surface, range from 1.1 x lO4 to
1.1 x 10° metric tons per year. Calculated sedimentation rates for
sea ice spherules range from 5.0 x 103 to 1.6 x 10° metric tons per
year. Vertical variations in cumulative mass for closely spaced
glacial ice cores indicate a similarity of depositional pattern.

This study represents the first known occurrence of spherules
in Arctic sea ice but, does not explain the mechanism by which such

| particles are included. Any acceptable interpretation requires an

| ] explanation of the presence of spherules at depth in the sea ice.




INTRODUCTION

Fletcher's Ice Island (T-3) is a 30 km? drift station in the
Arctic Ocean used by the Naval Arctic Research Laboratory (N.A.R.L.)
for research ranging from so~far acoustics to weather observations.
Such an installation is of significant value as a stable platform
from which research may be conducted (Neal and others, 1969).

Although the source for T-3 is generally accepted as Elles~
nmere Island (Crary, 1960, Marshall, 1960, Stoiber and others, 1960),
the precise location has na; been clearly established. Crary (19560,
p. 34) suggested Yelverton Bay as one possibility, but recent work by
Hattersley-Smith (1967) has confirmed that ﬁbe Ellesmere'ice shelf |
farther mortheast is as likely to have been the source area. But
whatever the source, the Ice Island has been adrift in the Bsaufort
- Gyre of the Canada Basin at least since 1947 when it was first dis-~
covered by Colonel Joseph Fletcher (Koenig and‘others, 1952). Since
that time numerocus research projects have been undertaken on T-3
(see Bushnell, 1960, and Monson and Sater, 1969). This report con-
cerns one such project, although unsupported, initiated in 1968 to
examine ice from T-3 for microparticulate matter, particularly the.
black magnetic spherules. |

"Black magnetic spherules ares opaque séherical grains, some of
which are unquestionably of extraterrestrial origin (Schmidt, 1963,
Schmidt and Keil, 1966, Millard and Finkelman, 1970). Interest in
these objects is due to several facts:

1




1. TFew sediments are devoid of such particles {(Crozier, 1960).

2. The origin of these particles is mot clear (Carr, 1970,
Wright and Hodge, 1968, and Crozier, 1966).
3. Such particles may be of value in determining sedimenta-
tion rates (Mutch and Garrison, 1967).
4. The earth's magnetic field may influence the‘deposition
of these particles (Schmidt and Cohen, 1964, Brownlow
and others, 1965).
Black magnetic spherules have been studied from Jurassic cherts
and Permian salts (Mutch and Garrison, 1967), Antarctic and Arctice ice
(Schmidt, 1963, Langway, 1967, Stoiber and others, 1960), Pleistocene
and Receunt beach sands (Marvin and Einaudi, 1967), the atmosphere
{Crozier, 1966, Hamilton, 1968, Kumai, 1969, Carr, 1970, and Vittori,
1970), oceanic sediments {(Millard and Finkelman, 1970, Schmidt and
Keil, 1966, and Laevastu and Mellis, 1955), and manganese nodules
(Finkelman, 1970).

Experimental studies on the formation of such particles have
also been undertaken (Langway and Marvin, 1964, Yudin, 1971, Blanchard,
1972). Several researchers have made chemical analyses by X-ray dif-
fraction, electron microprobe and radicactivation techniques (Smalles
’and others, 1958, Castaing and Fredriksson, 1958, Schmidt, 1963,

El Goresy, 1967, Wright, Hodge and Langway; 1969, Manecki and
Skrowronski, 1970 and Finkelman, 1970). Specific bibliographic

information has also been compiled for literature up to 1965

(Schmidt, 1965) (see also Hoffleit, 1952).




ORIGIN OF SPHERULES

Black magnetic spherules are opaque particles which represent
approximately ten percent of the total amount of extraterrestrial dust
fallout ontoe the surface of the earth (Schmidt and Cohen, 1964).
Because these particles show evidence of remelting and are easily
separated from other materials, they have been extensively studied.
Although most spherules are presumably extrakterrestrial, numerous
hypotheses have been proposed for their origin. These origins
include:
1. Industrial contamination (Handy and Davidson, 1955)
2. Micrometeorites of cometary and asteroidal origia
(Cosby and Lyle, 1965),

3. Ablation droplets and strippings from small meteorites
(Krinov, 1960),

4. Ablation droplets from large (>1m3) meteoroids during
atmospheric entry and breakup (Wright and Hodge, 1968,
Carr, 1970).‘

Another proposed origin is volcanic (Fredriksson and Martin,
1963) which was subsequently disproven (Wright and Hodge, 1968,
Wright and others, 1966).

Industrial contamination is the greatest problem encountered

in studies of these particles. Therefore, the ideal is a high lati-

tude, pre-~industrial revolution sample (Hodge and Wildt, 1958).




Careful laboratory work is also necegsary. These facts have long been
recognized by many researchers. Finkelman (1970) used a clean roon,
Schmidt (1963) and Langway (1967) used clean boxes. Work by Langway
and Marvin (1964) has shown that arcrweld spherules may have composi-
tions similar to meteoritic spherulds. This has been a concern in
spacecraft collections of these particles (Blanchard and Farlow, 1966).

Earlier work indicated the Jlocal nature of the contamination
problem. TFor example, Thomsen (1953) calculated a sedimentation rate
of 2 x 10° metric tonms per vear foy the entire earth's surface for
black spheres. This report led to|a controversy over this rate of
accumulation,

Handy and Davidson (1953) jsubsequently pointed out that indus-
trial fly ash produced in quantity in the midwestern U. 5. has essen-
tially the same composition as the "meteoritic’ dust reported by
Thomsen, making it doubtful that his calculation was accurate. In
his studies of precipitation nuclei, Kumai (1969) photographed non-
reflective spherules which he alsgo believed to be fly ash.

In a study of all types of particulate materials, Hamilton
(1968) noted that contamination from man-made sources {staves in
the Antarctic) causes particulate numbers to fluctuate ome to two
orders of magnitude higher than [comparable non-contamination periods.
With this knowledge, the necessity for some form 0f contamination
control is obvious.

Micrometeoroids measured by deep space probes have shown an
influx considerably less than ghat predicted from counts of spherules

in earth based collections. These micrometeorcids are of cometary

and asteroidal origin (Cosby apd Lyle, 1965). In addition, recent
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satellite measurements {(Hemenway and Hailgrem, 1968) have shown a lower
micrometeoroid influx than previously (Whipple, 1961). This indicates
that the micrometeoroid influx rate is insufficiént to account for all
of the black magnetic spherules found on the surface of the earth
(Wright and Hodge; 1968). Therefore,| alternative explanations are
necassary. o
Certainly, spherules are produced during some meteorite inter-
actions with the earth. After the fall of the Sikhote—Alin meteorites
(Krinov, 1964), the soil was found to| contain metallic spherules and
the fusion crusts of the meteorites showed striations which often
ended in spherical globules (Xrinov, [960). These metallic spherules,
however, do not make up the bulk of mpst spherule collections (Wright
and Hodge, 1968).
Another possible origin is related to a significant discovery
by McCrosky (1968). 1In essence, McCropsky's work shows that the num-
ber of large meteorocids in space is two orders of magnitnde greater
than in the 102 to 1010 gram range than was previously thought. ’ ;
Ablation of bodies of this size could pioduce sufficient extrater—
restrial matériai in the atmosphere with great numbers of spherules. f
These bodies may even be some type of |carbonaceous chondrite or comet
(Wright and Hodge, 1968). A pbssible example of this type of occur~
rence may be the Revelstoke meteorite élthough only one gram of the }
meteorite, a type 1 carbonaceous chondrite, was recovered (Folinsbee |
and othefs, 1967).’ Particulate materials found in the atmcsphere

three days later included large numbers of black magnetic spherules

(Carr, 1970). Thus, there is a strong indication that most, 1f not o
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Some spherules display surface f

a1l similar particles are derived from ap extraterrestrial source simi-
1ar to that involved in the Revelstoke event.

low markings produced during

the ablationmary process. But, many do apt show such features. For

these spherules microchemical analysis m£y be useful. Two generally

accepted chemical criteria for proof of an extraterrestrial origin

are:

1. A high nickel content with other elemental compositional

similarities to XKnown meteorfitic material (Wright and

others, 1963). While this criterion is acceptable, it

is not necessarily unique to

{Langway and Marvin, 1584).

extraterrestrial material

2. Presence of the mineral wﬁstita‘(Felﬂxﬁ)(Marvin and

Einaudi, 1967, Finkleman, 1970).




PREVIOUS T+3 WORK

The presence of spherules in the glacial ice of T-3 has been
known since 1960, when Stoiber and othefrs published a description of
black magnetic spherules from T-3 showing flow markings. Bacause of
the separation process employed to congentrate these particles (a
hand magnet) the quantitative information obtained was admittedly
poor {(Stoiber and others, 1960, p. 69) Because the recovery of
small sphefules was incomplete, the calculated sedimentaticn rates
are misleading. As far as can be determined, this is the only

study relating directly to spherules on T-3.




FIELD COLLECTIOHN

Twenty-eight ice cores, from 1 to 8 metérs long, were collected
from T-3 during the summers of 1968 and 1970. Figure 1 is a sketch map
of T-3 showing locations of these cores. The source of this map is
unknown but, it is probably a photographic enlargement of a radar
screen sweep. Coring was completed with a standard S.I.P.R.E. (Snow,
Ice, and Permafrost Research Establishment) corer which cuts a 7.5 cm
diameter core., Only those sites which were dry and devoid of surface
dirt were selected. Each core was placed in a clean plastic bagyénd
later allowed to melt in a large contamination-free plastic container.
All equipment used in thié process was washéd with distilled and
particle~free water.

Core samples were permitted at least 48 hours of undisturbed
settling time, after which water above 10 cm was siphoned off and
discarded. The rémaining water with particulate material was trans-
ferred to a small plastic container, which was then sealed for ship-

ment to the laboratory.




Fig. l.--Sketch map of T-3 showing core locations.
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SPHERULE SEPARATION

In the laboratory, samples were treated with filtered solutions
to prevent contamination by particulate material >2 microns in diameter.
A 57 sodium hexametaphosphate solution was used teo deflocculate clay
minerals and a 3% solution of hydrogen peroxide was also added to pre-
] vent bacterial growth.

A Frantz isodynamic separator was operated at 0.2 amps and a
standing water gravity settling technique was used similar to that of
Mutch and Garrison (1967, p. 1143). The technique was modified
slightly in that the separatory funnel was plugged with cotton after
the sample was introduced to prevent laboratory contamination. The
particulate material from each sample settled a minimum of four hours
through this closed system.

During the process of transfer, all rinsing of containers was
done with distilled and filtered (>2 microns) water. After processing
in this manner, the separator amperage was increased to 1.2 amps and

the sample water in the separatory funnel was drawn off slowly. The : @

separatory funnel was rinsed to assure that no material was lost.
The resulting magnetic fraction was placed in a pre-cleaned 6 dram
vial.

The remainder of the work on these particles was completed
in a specially constructed clean box (Figure 2). Laboratory air
was filtered through a plug of cotton and a filtration apparatus
was used inside the clean box.

11
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Fig. 2.--Photograph of the clean box emclosure.
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A vacuunm pump was operated to draw air for 10 to 15 minutes

‘through a clean filter which was subseguently mounted on a slide and
examined microscopically before any T-3 sample was filtered. The

10 to 15 minute periocd was the time necessary to evacuate twice the
volume of air in the clean box. The contamination control slides
were immediately examined microscopically and although some opaque
material was observed no spherules were found.

Spherules were observed only on filters on which T-3 samples
were mounted. These fil:ers were mounted in glycercl on a petro-
graphic slidé with cover slip. Then imme&iately’placed on the
Leitz S. M. pol binocular microscope stage which was also located
inside the clean box; the microscope was fitted with a mechanical

stage for systematic scanning. Reflected light was obtained from

two Bausch and Lomb light sources located at 120° from each other.




SPHERULE IDENTIFICATION

Three characteristics were used to identify these particles.
They had to be spherical, they had to be opaque and highly reflective
and they had to be highly magnetic. Sphericity is probably the ear— |
liest crite:ion to be used and is indicative of remelting (Murray
and Renard, 1884). In the T-3 study, a visual estimate of spheric-
ity may have resulted in measurement of a few ovoid shapes, but
teardrop, pear-shaped and dumbell-type particles were excluded.
For this reason, computed values based on these spherule measure—
ments may be considered a lower approximation.

The second criterion requires that spherules included in
this study be black, opaque, and highly reflective; reddish and
dull black spherules were excluded. The gpherules which were
included had the appearance of the type "A" spherule, as described
by Millard and Finkelman (1970).

The third criterion is that spherules be magnetic and there-
fore separable by the Frantz separator (Mutch and Garrisom, 1967).

Examples of such particles are shown in Figures 3 and 4.

15
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Sample-Spherule Size
Number Microns

15-1 60
15-1 60
15-1 60
15-4 30
3~-1 63
3-2 25

Comments

Electron microprobe (EM)
Sample current photograph
Note the ridges on the top of
the spherule.

EM sample current photograph
Notice that these ridges are
continuous away from the top
of the spherule. Such ridges
have been called flow marks
{Stoiber and others, 1960).

EM backscatter photograph
Backscatter dectector is at
an angle hence, only part of
the spherule is visible.
Magnification is twice A and
B. Notice that ridges are
still present.

EM sample current photograph
Spherule broken in half with
small { 5 micron) spherule
attached.

Photomicrograph

Notice ridge and furrow
surface pattern. This
feature is similar to that
described by Schmidt and
others (1963).

Photomicrograph
Notice the pitted surface.
This feature is similar to

‘that described by Schmidt

and others (1963).

Fig. 3.-~Photographs of black magnetic spherules showing
surface features.
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Sample-S8pherule
Number
3-3

34

3-5

3~-6

Size
Microns
21

18

28

38

Comments

Photomicrograph of glacial ifce
spherule.

Photomicrograph of glacial ice
spherule.

Photomicrograph of glacial ice
spherule similar to smooth
type as described by Schmidt
(1963).

Photomicrograph of a glacial
ice spherule similar to the
glassy type as described by
Langway (1967).

Fig. 4.~-Photograph of typical black magnetic spherules.
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MEASUREMENTS

The diameter of all spherules which met the above three require-
ments were measured to *1 microm with an eyepiece reticule calibrated
with a stage micrometer. Calibration curves were drawn and reticle
measurements were read from the graph. Measurements, all made in the

clean enclosure, were generally made at 400x magnification.

20




COMPUTED PARAMETERS AND ASSUMPTIONS

Among the computed parameters used in this study were: the
cumulative percentage of numbers of particles (equation 1.2, Appendix
A), the cumulative mass (equation 1.6, Appendix A), the average spher—
Vule diameter {(equatiom 1.7, Appendix A), the average mass of spherules
(equation 1.8, Appendix A), average mass diameter of spherules (equa-
tion 1.8, Appendix A), average mass diameter of spherules (equation
1.9, Appendix A) and the sedimentation rate (equation 2.0, Appendix A).

The usefulness of the cumulative mass calculation is that it
represents the total amount of spherules, in grams, for the interval
of time or length of core under consideration. The computation
requires measurement of three spherule parameters: diameter, number
within diameter interval (grouped in 5 micron intervals), and density.
In this study, spherule density was not measured but was'assumed to be
that of other Arctic spherules, 4.54 gm/cm3 (Franklin and othexrs,
1967). The effecﬁ of density in this computation is that of mul-
tiplying the numerica}iy integrated volume term by a constant, This
computation was made for each sample (see Appendix B). %

The average diameter and the average mass diameter were com~

puted for each samplesin microns; The'avarage mass for each sample
was computed in grams (see Appendix B).

The computed sedimeptation>rate, in metric tons per year,
reflects the amount of black magnetic spherules reaching the entire
earth's surface in one year. The computation requires that the age

21




22
or an independently determinable sedimentation rate for the ice be
known .

These ages and/or rates for T-3, however, are not known and
can be estimated only from the work of Crary (1960) who determined
the ice-accumulation rate for the Ellesmere ice shelf, the presﬁmed
gource for T-3. The determination of the rate of accretion for the
adjacent sea ice is more difficult. The theoretical work of Unter-
steiner (1964) presents the general case for the growth of sea ice.
The protected sea ice of Colby Bay, however, poses a special prob-
lem; because‘large quantities of'fresh meltwater runoff from T-3
during the melt season and because fresh water freezes more rapidly
than sea water, the rate of grdwth of the Colby Bay sea ice is
vlikely to be highér than that of most sea ice. The sea ice of
Colby Bay was found to be about 4 meters thick while farther from
T-3 the sea ice was penetfated at 2.5 andv2.9 meters. The rates
of ice accretion assumed for this study are shown in Table 1.

Ages in years for specific lengths of core were computed from

these ice accumulation rates.

TABLE 1

ASSUMED ICE ACCUMULATION RATES FOR T-3 ICE CORES

Type of Ice Accumulation Rate Source
Glacial Ice 12.4 em/yr | Crary (1960)

Sea Ice (Pack) 30.0 em/yr . Untersteiner (1964)
Colby Bay Sea Ice 36.3 cm/yr Modified after

Untersteiner (1964)
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Since ice accretion rates are assumed to be constants, part of

the variation in the computed sedimentation rates may be due to this
agsumption. It is unlikely that the glacial ice—accfetion rate was
constant. Sea-ice accumulation rates may also vary but differences
petween the assumed and the actual rate for sea ice are probably

small relative to those for glacial ice.




GLACIAL ICE RESULTS

The diameter of the spherules from T~3 glacial ice ranges from
less than 5 microns to 160 microns. Of 1862 spherules measured from
the T-3 glacial ice, most are 15 to 30 microns in diameter. Statis-—
tical parameters computed for each glacial-ice sample are presentéd
in Table 2. The relationship of cumulative percentage to spherule‘
diameter, in microms, is shown in Figure 5.

| Calculated sedimentation rates for these particles, extra-
polated for the entire eafth’s surface, range from 1.1 x 10% to
1.1 x 10° metric tonms per year.

The suggestion of a possible épherule stratigraphy was pro-
posed by Marshall (1959), and distinct vertical variations in num-
bers of black maghetic spherules were subsequently observed by
Langway (1967), further suggesting the possibility that the
meteoritic phenomena producing these particles are cyclic. T-3
ice was, therefore, examined for such vertical variations.

Three short cores & to 8 meters long were examined over 1
meter intervals and a va?iatioh was, in fact, observed. It is
probable, however, that the sampling interval was too large to
clearly observe such a cyclic pattern. By plotting the cumulative
mass of spherules against increasing depth (Figure 6), some inter-—
esting results are observed. Samblés 32 and 35 suggest a similar

pattern of spherule variation. Both of these samples are from the

24




TABLE 2

STATISTICAL PARAMETERS FOR SPHERULES FROM GLACIAL ICE CORES

Entire
Earth
Cumulative Cumulative Influx
Cumulative Number/ Mass Average (Metric
Sample Summer Length Number of nl/sec (Gramsg) Diameter Tons/Year)
Number Cored (Meters) Spherules x 104 x 1078 (Microns) x 10
2 1968 1.0 173 14.9 4.5 16,2 6.3
3 1968 1.0 123 10.6 5.9 - 20.7 8.1
‘5 1968 3.0 161 4.7 12,9 17.6 6.0
7 1968 3.0 137 4.0 - 5.7 22.3 2.6
9 1968 3.0 149 4.3 9.2 22.6 4.3
15 1968 3.0 72 2.1 5.5 24,7 2.5 &
17 1968 3.0 53 1.5 2.3 19.1 1.1
18 1968 3.0 73 2.1 6.2 21.4 2.9
19 1968 3.0 66 2.0 9.8 23.3 4.5
20 1968 3.0 66 2.0 3.2 20.8 1.5
24 1968 2.0 72 3.1 15.5 30.9 10.8
27 1968 3.0 41 1.2 2.4 22,8 1.1
29 - 1970 1.0 39 3.4 1.3 16.4 1.8
32 1970 6.0% 240 3.5 17.6 19.8 4,1
33 1970 1.0 24 2.1 2,2 20.6 3.0
35 1970 8,0% 200 2.2 6.5 16.8 1.1
37 - 1870 8. 0% 173 1.9 15.9 23.8 2.8
Composite 1862 2.9 126.6 20.6 3.2

*Sample was collected in 1 meter sections., Results are for composite cores.
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Fig. 5.-—Cumulative percentage of numbers of spherules for the

T-3 glacial ice plotted against spherule diameter.
Sample numbers correspond to locations in Figure 1.
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Fig. 6.--Variations of Spherule Cumulative Mass Plotted Against
Depth for 3 Short Glacial Ice Cores. Numbers 32, 35,
and 37 correspond to core locations in Figure 1.
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30
central area of T-3, within 50 meters of éach other. Sample 37, however,
appears to have a reversed pattern; the reason for this is not clear but
it may be related to the associated oriented air bubbles in the core,
suggesting the possibility that shearing has distorted the normal

sequence. The morainal debris on one end of T-3, may be the surface

expression of this shear or "dumping' (Smith, 1960).




SEA ICE RESULTS

The size distribution of spherules found in the sea ice is simi-
lar to that of the glacial ice of Tw3.‘ In addition, the external mor-
phology of these particles is similar to the morphology of the glacial
ice spherules. For theéé reasons, the sea ice spherules probably have
a similar origin. The size distribution of spherules from the sea ice
ranges from less than 5 microns to 145 microns in diameter. Of the
718 spherules measured, most are between 15 and 30 microns in diameter.
Statistical parameﬁers computed for sea ice cores are shown in Table 3.
The cumulative percentage of spherule diameters is shown in Figure 7.

Calculated sedimentation rates for these particles, extrapolated
for the entire earth's surface, range from 5.0 x 10 to 1.6 x 109 metric
tons per year.

Figure 8 unexpectedly showskthat spherules are present through~
out the sea ice. Some satisfactory explanation must be advanced for
the presence of spherules‘at depth in the sea ice, because the sea ice

is known to accrete from the bottom upward (Untersteiner, 1964).
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TABLE 3

STATiSTICAL PARAMETERS FOR SPHERULES FROM SEA ICE CORES

Entire
Earth
Cumulative Cumulative Influx
, Cumulative Number/ Mass Average (Metric
Sample Summer Length Number of m?/sec (Grams) Diameter Tons/Year)
Number Cored (Meters) Spherules x 1074 x 10-8 (Microns) x 10
4 1968 3.0 26 2,0 1.3 24,4 1.6
8 1968 3.0 208 16.1 5.6 19.8 6.9
11 1968 3.0 21 1.6 W7 21.4 .9
12 : 1968 3.0 32 2.5 3.6 26.4 4,5
14 1968 3.0 17 1.5 a3 18.2 )
21 1968 3.0 52 4,0 3.1 24,4 3.9 he
23 - 1968 3.0 22 1.7 4,3 30.9 5.3
25 1968 3.0+ 74 6.9 5.6 25.9 8.3
26 1968 2.0 62 7.2 4.0 23.3 7.5
30 1970 3.0% 133 10.3 13.6 22.6 16.9
34 1970 3. 0% 97 6.8 5.4 21.6 6.0
3.8 47,4 22.6 3.8

Composite ‘ 744

+Pack lce sample, Other cores in Table 3 are from Colby Bay
*Sample was collected in 1 meter sections. Results are for composite cores.
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Fig. 7.--Cumulative percentage of spherule numbers plotted
against spherule diameter for T-3"'s Colby Bay Sea

Ice. Sample numbers correspond to core locatioms
in Figure 1.
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Fig. 8 ~--Variations of cumulative mass plotted against depth
2 for two sea ice cores. Notice that for the first two
meters the pattern is similar. The last meter appears
to be comvergent. Sample numbers correspond to core
locations in Figure 1.
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DISCUSSION

Because industrial contaminatiou’is an importanit consideration,
two details must be considered. First, the site of formation of -3,
presumably from the Ellesmers ice shelf approximately 83°N. 73°W. is
gufficiently remote from present and past industrial activitiés to

make original contamination of these samples highly unlikely.

Secondly, neither the exact site of origin nor the time of
formation of T-3 as an ice island is well established. Polunin (1955),
using dendrochronological methods, tentatively placed T-3's separation
from land no later than 1935. T-3's original thickness was about 60
meters (Crary and others, 1955). But T-3 ié believed to be thinningA
at a rate of approximately 0.6 meters per year {(Dr. Ken Hunkins at
the pre—trial jurisdictional hearing of U. S. vs. Escamilla. See
Lewis, 1971). On the assumption that this rate is a good average
approximation, since 1935, twenty-one meters, have been ablated from
the upper surface of T—3,kleaving 39 metérs, approximately T-3"s pre-
sent thickness. If Crary's ice accumulation rate for the Ellesmere
ice shelf is accurate for T-3, the 1970 surface should represent dce
#pproximatély 170 years old. Therefore, all subsurface ice on T-3
shoul@ be older than the industrial revolution and hence free of
such contamination.

The age argument that applies to the T-3 glacial ice cannot
apply to the sea ice samples. The time represented by thése samples
is from 1959 to 1970. Thus, the possibility that sea ice samples .
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may be contaminated is real. It should be emphasized, however that this
sea ice is relatively remote from all industrial activities except for
those associated with T-3 camp activities,

Apparently, this study is the first reported occurrence of such
particles in Arctic sea ice. More importantly, however, the study of
the sea ice was undertaken because sea ice may occur at depth in T-3.
Crary and others (1955) suggested the possibility of accretion of sea
ice to the base of T-3. Therefore, the nearby sea ice was examined.
for spherules. Because of the sea-ice accretion process, an explana-
tion is required for the distribution of spherules throughout the sea
ice rather than at the upper part of a floe., Several alternative
explanations are possible:

1. Sincé the location of these samples is close enough to
T-3, the spherules in some samples may he a result of meltwater run-
off from T-3. This is a strong possibility but does not explain why
spherules are found at depth. This process may explain the large
number of spherules in sample number 8.

2. Another possibility requires the operation of two processes
known to occur in polar regions. The first is that of cryocconite for-
mation where a small dark particle absorbs more solar radiation than
the ice around it and thereby melts into the ice. These cryoconite
holes often have large amounts of material and extend approximately’ %
0.4 tok0.6 meters below the surface {Gerdel and Drouet, 1958). But,
this process alone would concentrate material only to this depth and

would not satisfactorily explain the presence of spherules at greater

depth. It is also known that the brine content of sea ice increases
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with depth (Mellor, 196&§. If exsolution operates to concentrate the
salt along crystal boundaries, it is possible that this process éould
also transfer the particulate material to greater depth. This combina-
tion of processes could explain spherules being found at depth in sea
ice.

3. The third possibility is related to the chardcteristics Qf
the spherules themselves. In an attempt to remove particles from two
sea ice samples with a magnetized needle, it was found that spherules
in the sea ice tended to be hollow and much more fragile than those
from the glacial ice. The hollow spherules may retain air and float
which would allow them to become included in near surface freezing.
Because the sea ice does undergo counsiderable fracturing and pressure
ridging (Koenig and othars, 1952), perhaps inclusion of these particles
at depth is a result of this process.

At this time, it is uncertain which of the possible alterna-
tives satisfactorily explains the distribution of such particles in
the sea ice.

Comparison of both sea ice and glacial ice composite samples
(Figure 9) indicates that the same type of process produced the spher~
ules for both cases. The theoretical distribution {(Laevastu and
Mellis, 1961) also agrees well with both sets of composite samples.
There is a noticeable reduction in particles at 5 to 10 microns diam-
eter, which may be a result of this size particle being difficult to
see or that there are actually fewer of them.

The comparison in Figure 9 may be unjustified in that it
eliminates a basic difference between the glacial ice and sea ice,

namely, that of their different mode of deposition. The deposition
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Fig. 9.--Comparison of composite samples with theoretical

Tocurve.

The line marked "T"
tribution {Laevastu

The line marked "S"
The line marked "G"

is the theoretical size dis~
and Mellis, 1961).

is the T-3 Colby Bay sea ice.
is the T-3 glacial ice.




DIAMETER
(microns)
5 10 n u a nl00 m

= T T T VT U RN AL B R AR AL NL 7 T
; W
2
; z
: L
q —
2
-
z
L
> —_
-
<
J
2
2
»
O —
i I 1 | ! 1

107" 10°° 10°¢ 10
MASS
(grams)




42

bcf glacial ice is well known; the sea ice differs from glacial ice

because the youngest ice is at the bottom of the floe.

é Comparison of the gize distribution of composite T-3 glacial

: ice cores and composite sea ice cores with the results of several
other investigators is shown in Figure 10. These size distributions
are in good agreement with the size distributiocns observed by several
workers (Buddhue, 1950, Laevastu and Mallié, 1955, Hunter and Parkin,
1960, Theil and Schmidt, 1961, Langway, 1962). Table 4 compares the
sedimentation rates found for the glacial ice and the sea ice with
the rates foﬁnd by several other investigators. These sedimentation

rates are also in good agreement with those of other investigators.
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Fig. 10.

-~Cumulative percentage of numbers of spherules pleotted
against spherule diameter comparing this T-3 work
with previous studies elsewhere.
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TABLE 4

COMPARISON WITH OTHER RESEARCHERS' SEDIMENTATION RATES

Type of Spherule

Sedimentation Rate
(Metric tons/year)

Source of Data

Atmosphere

Oceanic Sediments

Qceanic Sediments

- f V Atmosphere

3 Antarctic Ice
Atmosphere
Antarctic Ice
Upper Atmosphere

Greenland Ice

Arctic Atmosphere
Greenland Ice

Atmosphere

E Atmogphere and
2 Paleozoic salts

- Atmosphere

T-3 Glacial Ice

T-3 Sea Ice

8 to 1.29 x 105

125

2.4 to 5.0 x 103

9 x 104
1.2 x 10°
1.6 x 105

1.8 x 10°

5 x 105
9 x 10°

Approximately
2 x 103

1 to 2 x 10°

2 to 6 x 108

1x 1o§ to
1 x 10

g

10° to
X 105

et T
OO
»

Buddhue, 1950
Laevastu and Mellis, 1955

Pettergson and
Fredriksson, 1958

Crozier, 1961
Schmidt, 1963

Crozier, 1966

Theil and Schmidt, 1961

Wright and Hodge, 1962

Wright, Hodge and
Langway, 1963

Hodge and Wildt, 1958 i
Langway, 1963

Vittori, 1970

Ivanov and Florenskiy, 1970
Baranov and Vilenskl, 1966
In Ivanov and Florenskiy

This Report

This Report




SUMMARY

Results from the study of black magnetic spherules from both the

glacial and sea ice of Fletcher's Ice Island (T-3) are in good agreement
with those of other investigators. Becauée spherules show evidence of
remelting, it is concluded that the particles examined in this study cén
be extraterrestrial; they are opaque magnetic'sPhernles, possibly an end
product of meteorite ablation.

Calculated sedimentation rates for giacial ice spherules, extra-
polated for the entire earth's surface, range from 1.1 x 10% to 1.1 x
109 metric tons per year. Calculated sedimentation rates for sea ice
spherules range from 5.0 x 103 to 1.6 x 10° metric tons per year.

These sedimentation rates are of the same-order of magnitude as those
of other researchers.

Vertical variations of cumulative mass for closely spaced gla=-
.cial ice cores suggest a similar pattern of spherule deposition.

This study is the first reported occurrence ofkbiack magnetic
spherules in sea ice. There is, as yet, no simple, satisfactory inter—
pretation for the inclusion of spherules at’depth in sea ice. Several
alternative mechanisms are proposed but, without further research it

is not possible to decide among them.
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RECOMMENDATIONS

Because there is no compositional information yet available for
these particles, an X-ray diffraction study of the phases present, along
with an electron microprobe study of the elemental compcsition, 1is recom-
mended. These data should be examined for comparison with known meteor—
itic material and experimentally ablated meteoritic particlezs. The goal
of such work should be the determination of the origin of such particles
in termg of meteorite types and understanding the ablaticon process.

If experimental studies of ablated materials are undertaken,
such material should be examined and compared to natural samples to
determine if other types of spherules (nommagnetic, glassy spherules)
can be extraterrestrial. Glassy spheres are known from volcanic erup-
tions, but are all glassy spheres volecanic in origin? Stony meteorites
might also produce spherules of this type.

A density study should be undertaken to determine if the assumed
density is reasonable for this group of spherules. ethods used would
be similar to that of Blanchard (1967).

The detailed study of a long glacial ice core through T-3 would
be useful in verifying the observations by Langway (1967) of the cyclic
nature of spherule deposition. For a study of this type, however,

0l8 /016
/0+%. measurements should be made to determine the approximate age
<@

£ . N .
of formation of 7-3 by a match with the Greenland stratigraphy (John-

sen and others, 1970, Dansgaard and others 1970) and the increment

or
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T-3, a comparison ofvspherule sedimentation rates with the spherule
‘sedimentation rates for the same interval of time in the Greenland
core (Langway, 1967) would prove or disprove the hy?othesis proposed
by Schmidt and Cohen (1964) that the geomagnetic field will influence
the deposition of such spherules. This long core from T-3 may also
show large scale meteoritic eventsrwhiCh may be correlated with those
found in the Greenland core.

Finally, the core would show whether new sea ice is accreting
at the base of the ice island,yielding information on the length of
time such an ice platform will bhe useful as a research station.

New sea ice cores should be collected and examined in the
laboratory to determine how spherules are included in such ice at
depth. The mechanism at present is not clear and other sea ice

cores should be collected and examined with this aim.
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FORMULAS

Statistical information for computad values of percentage, cumu-—
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FORMULAS

Statistical information for computed values of percentage, cumu-~

jative percentage, cumulative number per square meter per second, volume,
mass, cumulative mass, average diameter, average mass, average mass diam-

eter, and spherule influx or sedimentation rate are given below:

percentage and Cumulative Parcentage

These computations are similar to those of Schmidt (1963). The

percentage (P) for any diameter interval (d) is

p = B:100 (1.1)
in )

where n is the number of particles in 5-micron intervals.

Cumulative percentage (C.P.) is given as

C.P. = 1P, (1.2)
where k begins with the smallest diameter interval, in this case

5 micronsg, and P is the percentage.

Other Statistics

The following statistics appear in Langway (1967). d and n

are defined as above.

Cumulative number/meterz/sec = ing : (1.3)

(@) (es)
where i begins with the largest siée diametér in any sample, A is
the cres§~sectional araa (the S.I.P.R.E. core), (4.56 x 1073 m?),
and ts ié the time (in seconds) that it took for the sample to

accumulate, as determined from the rates in Table 1.
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The volume represented by a size interval was computed as

follows:

V = %— (n-d3), cn3 ' (1.4),

where d is the diameter of the size interval in centimeters.

The mass represented by a size interval is:

M=y C% (n‘da)), grams (1.5)
where ¢ is the density, assumed to be 4.54 grams/cnm3 {(Franklin and
others, 1967).
An important computation in this study is the cumulative
mass {(C.M.):
il
CM, = p[g-z V)1, grams 1.6y,
The average diameter of spherules in a sample (ié) is given
by:
X, =1 3%, microns | (1.7
Dy :
|
where 1 is a S5-micron interval.
The average mass (m) of spherules in a sample is given by:
_ .a3
m =p Tz (n-d?) , grams (1.8
6 o ,
The average diameter of spherules (iﬂ) based on an average
mass consideration is given by:
3
- TR
'XW = , microns (1.9).
2 i
D(g?

The spherule influx or sedimentation rate (¥F) is obtained

in the following manner:
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p - (CM) (5.0 x 1014

g , metric toms/vear (2.0),
(ty) (A) (109) '

where ty Is the time represented by the sample in years, A is the

area, given above, 106 is a gram to metric ton conversion factor

and 5.0 x 1014 m2 is the surface area of the earth as given by

Gutenberg (1951).
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DATA TABULATION

Before listing the statistical data for each case it should be
noted that not all of the samples shown in Figure 1 yielded statistical
data. Samples 1 and 10, for example, were surface dirt collected from
cryoconite holes. Data from these two samples wouid not be pertineﬁt
to this study.

Statistical information was available for sample number 6, but
because large numbers of reddish volcanic spherules were included, the
sample is not listed here.

Samples number 13 and 16 were destroyed in shipment. Sample
number 28 contained large quantities of metallic shavings. Sample
number 31 was used in an unsuccessful heavy‘mineral separation.
Samples number 36 and 22 were accidentally destroyed during the
gample preparation.

The following computer generated sheaets contain the symbol¥®
which means "multiplied by'" and the symbol ** which indicates "a
power of ten follows."

The data have beeﬁ grouped by treating spherules as integer
micron values. The 5 micron interval includes spherules from 0 to 5

microns. The 10 microm interval includes spherules from 6-10 microns

etc.,
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LOCATION ICE TYPE SAMPLE LENGTH
o | NUMBER METERS
-3 GLACIAL ICE 2 1.0

SI17% SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL NUMBERS PERCENTAGE NUM3ER OF

{MICRONS) SPHERULES
5 17 9.8 9.8 173
10 57 32.9 42,8 156
£ ‘ 15 44 25.4 68.2 9%
3 20. 26 15.0 83.2 55
4 25 17 9.8 93.1 29
3 30 2 1.2 94.2 12
3 35 2 1.2 95.4 10
j 40 1 0.6 96.0 8
3 45 2 1.2 97.1 7
3 _ 50 2 1.2 98.3 5
4 55 1 0.6 93.8 3
. 50 2 1.2 100.0 2




LGCATICN ICE TYPE

T-3 GLACIAL ICE

CUMULATIVE NUMBER

56
SAMPLE LENGTH
NUMBER METERS
]-'O

MASS CALCULATICNS

CF SPHERULES VOLUME MASS
PER SQUARE METER (CUBIC (GRAMS)
PER SECOND CENTIMETERS)
%1 0%kx—4 =] Q% &— *10%*-8
14.87 0.11 0.50
13.41 2.97 13.49
8.51 T.74 35.14
4.73 10.84 49.22
2.49 13.84 62.85
1.03 2.81 12.78
0.86 4,47 20.29
0.69 3.34 15.14
0.60 9.50 43,12
0.43 13.03 59.16
0.25 8.67 39.37
0.17 22.52 102.22
AVERAGE DIAMETER= 16.2 MICRONS
AVERAGE MASS = 2.62 ®10%%-8
AVERAGE DIAMETER MASS=  22.3 MICRONS
ENTIRE EARTH INFLUX= 62587.9

CUMULATIVE
MASS -
(GRAMS)
%10 %%—8

453.28
452.78
439.29
404.15
354.94%
292.08
279.31
259.02
243.87
200.75
141.59
102.22

GRAMS

METRIC TCNS /YEAR




LOCATION ICE TYPE

T-3

SIZE

INTERVAL NUMBERS
{MICRONS)

5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85

GLACTIAL ICE

1
31
13
31
22

HOOOHOHQr—-bpm

0.8
25.2
14.6
25.2
17.9

O Wuio
A 5 & ¢ ¥ & ¢
OO CXOOO DWW WL

jepeReBoNsNoReole!
.

.
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SAMPLE
NUMBER
3

LENGTH
METERS

1.0

SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

PERCENTAGE NUMBER OF

0.8
25.0
40.7
65.9
83.7
90.2
93.5
96.7
97.6
97.6
98.4
98.4
99,2
99.2
9G.2
35,2

100.0

SPHERULES
123
122

S1
73
42
20
12

P N PO WL D




LOCATION ICE TYPE

T-3 GLACIAL ICE

CUMULATIVE NUMBER

58

SAMPLE LENGTH
NUMBER METERS
3 1.0

MASS CALCULATICNS

OF SPHERULES VOL UME MASS
PER SQUARE METER {CcusIC {GRAMS)
PER SECOND CENTIMETERS)
F]10%%~ 4 *10%%—~3 _#LO**-—S
10.57 0.01 0.03
10.49 1.62 7.34
7.82 3.17 14.37
6.27 12.93 58.68
3.61 17.92 8l.34
1.72 11.26 51.11
1.03 8.94 40,58
0.69 13.34 60.58
0.34 4,75 21.56
0.26 0.0 0.0
0.26 8.67 39,37
0.17 0.0 0.0
0.17 14.31 64.98
0.09 0.0 0.0
0.09 0.0 0.0
0.09 0.0 0.0
0.09 32.01 145.32
AVERAGE DIAMETER= 20.7 MICRONS
AVERAGE MASS = 4.76 *1Q%%-§
AVERAGE DIAMETER MASS= 27.2 MICRONS
ENTIRE EARTH INFLUX= 80810.9

CUMULATIVE

MASS
(GRAMS)
#10 %%~

585.26
585.23
577.90
363.52
504 .84
423.50
372.39
331.81
271.23
249.67
245.67
210.30
21G.30
145.32
145.32
145.32
145.32

GRAMS

METRIC TONS /YEAR




LOCATION' ICE TYPE

SIZ:

5
10
15
20
25
3¢
35
40
45
50

55

60
65
70
75
80
85
S0
95
1co
165
110
115
120
125
130
135
140
145
150
155
150

GLACTIAL ICE

SPHERULE
INTERVAL NUMBERS
{MICRONS)

DU
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SAMPLE
NUMBER

PERCENTAGE

0.6
30.4
64,0
84.5
51.9
97.5
98.1
98.1
98,1
98.8

. 98.8
98.8
99. 4
99,4

99,4
99,4
99,4
99.4

99,4
99.4
99 .4
99.4
99,4
99.4
99.4%
99.4
99, 4
99. 4
99.4
99. 4
59.4

100.0

LENGTH
METERS
3.0

PERCENTAGE CUMULATIVE CUMULATIVE

NUMBER OF
SPHERULES
161

160

112

58

25

13
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LOCATICN ICE TYPE SAMPLE LENGTH
NUMBER METERS
7=3 GLAC IAL ICE 5 3.0
CUMULATIVE MUMBER MASS CALCULATICNS
OF SPHERULES VOLUME MASS CUMULATI
PER SQUARE METER {CuB1C {GRAMS) MASS
peER SECOND CENTIMETERS) {GRAMS)
F10%%— 4 F10%%~5 F1 0% %~§ #10%F%x-3
4.67 0.01 0.03 1292.77
4 .64 2.50 11.36 1292.74
3.25 9.50 43,12 1281.38
1.563 13.76 62.47 1238.26
0.73 9.77 44,37 ‘1175.73%
0.38 12.67 57.50 1131.42
0.12 2.23 10.15 1073.92
0.09 : 0.0 0.0 1063.78
0.09 0.0 0.0 1063.78
0.09 : 6.51 29.58 1063.78
0.06 0.0 - 0.0 1034.20
0.06 0.0 0.0 1034.20
0.06 14.31 64.98 i034.20
0.03 0.0 0.0 G69.22
0.03 0.0 0.0 969.22
0.03 0.0 0.0 969.22
0.03 0.0 0.0 969.22
0.03 0.0 0.0 969.22
0.03 0.0 0.0 969.22
0.03 0,0 8.0 969.22
0.03 0.0 0.0 369,22
0.03 0.0 0.0 969.22
0.03 0.0 0.0 969.22
0.03 0.0 0.0 969.22
0.03 0.0 0.0 969.22
Q.03 0.0 0.0 969.22
0.03 0.¢C 0.0 969.22
0.03 0.0 0.0 363,22
0.03 G.0 0.0 965.22
0.03 G.0 0.0 969.22
0.03 0.0 0.0 969.22
0.03 213.438 963.22 969.22
AVERAGE DIAMETER= 17.6 MICRONS
AVERAGE MASS = 8.03 *10%%-8 GRAMS
AVERAGE DIAMETER MASS= 32.4 MICRCNS

ENTIRE EARTH INFLUX= 60244.2 METRIC TONS /YEAR




61

LOCATION ICE TYPE SAMPLE LENGTH
NUMBER METERS
T3 GLAC IAL ICE 7 3.0

SIZE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL NUMBERS PERCENTAGE NUMBER OF
(MICRONS) SPHERULES

5 2 1.5 1.5 137

10 15 10.9 12.4 135

15 28 20.4 32.8 120

20 30 21.9 54,7 92

25 28 20.4 75.2 62

30 16 11.7 86.5 34

35 10 7.3 94,2 18

40 & 4.4 98.5 8

45 1 0.7 99.3 2

50 o} 0.0 99.3 1

55 0 0.0 99.3 1

60 0 0.0 99.3 1

65 1 0.7 100.0 1




62

LQCATIDN~ICE TyeL SAMPLE" LENGTH
~ NUMBER METERS
7-3 GLACTIAL ICE 7 3.0
CUMULATIVE NUMBER MASS CALCULATICNS
OF SPHERULES VOLUME MASS CUMULAT IVE
pFR SQUARE METER {CuBiC {GRAMS) MASS
- pER SECOND ENTIMETERS) {GRAMS)
®LO¥*~4 *10¥*—8 F10%%-—8 *10Fx—
3.97 0.01 0.06 5867.37
3.G2 0.78 3.55 567.31
3.48 4.93 22.36 563.76
2.867 12.51 56.79 541.40
1.80 22.80 103.52 484.61 .
0.99 22.52 102.22 381.08
0.52 . 22.35 101.45 278.86
0.23 20. 01 90. 86 177.41
0.06 4.75 21.586 86.55
0.03 0.0 0.0 64,98
0.03 0.0 G. 0 64.983
.03 0.0 0.0 64.98
0.03 14,31 64.98 64.98
AVERAGE DIAMETER= 22.3 MICRONS
AV ERAGE MASS = 4.14% ®10%%-3 GRAMS
AVERAGE DIAMETER MASS= 26,0 MICRONS

ENTIRE EARTH INFLUX= 26439.8 METRIC TONS FYEAR




LoCAT I

SIZz
INTERVAL
{MICRONS)

5
10
15
29
25
30
35
40
45
50
55
60
65
70
15

GLACTAL ICE

SPHERULE
NUM3ERS

N AU AN I VAR Y

HFOR~ OO WP O UiV w

SAMPLE
NUMBER

9

63

PERCENTAGE CUMULATIVE CUMULATIVE
NUMBER OF

5.4
14.8
23.5

»

}-8-1
10.1

QOO OHUWNN

+ L [} - ] L 4 *

~NOW-dOOH IO

L 2

PERCENTAGE

SPHERULES
149
141
119

34
64
37
22
19
15
10




LOCATION ICE TYPE

-3 GLACIAL ICE

CUMULATIVE NUMBER

64
SAMPL
MUMBE

9

E LENGTH
R METERS
3.0

MASS CALCULATIGNS

OF SPHERULES VOL UME MASS
PER SQUARE METER (CusIC (GRAMS)
PER SECOND CENTIMETERS)

F10%=—4 21 (0% k- *1 0%x%—5
4.29 0.05 0.24
4.06 1.15 5.21
3.42 6.16 27.95
2.42 8.34 37.86
1.84 21.99 99.83
1.06 21.11 95.83
0.63 6.70 30. 44
0.55 13.34 60.58
0.43 23.75 107.81
0.29 39.09  177.47
0.12 0.0 0.0
0.12 11.26 51.11
0.09 28.63  129.97
0.03 0.0 0.0
0.03 21.95 99.83

AVERAGE DIAMETER= 22.6 MICRONS
AVERAGE MASS = 6.20 *10%%~3
AVERAGE DIAMETER MASS=  25.7 MICRCNS
ENTIRE EARTH INFLUX= 42708.3

CUMULATIVE
MAS S
(GRAMS )
*10%%-8

924,11
923.87
918.67
890.71
852.85
753.03
657.20
626.76
566.18
458.37
280,50
280.90
229.79

99.83

99.83

GRAMS

METRIC TONS /YEAR




65

LOCATICN ICEZ TYPE SAMPL= LENGTH
NUMBER METERS
-3 "GLAC TAL ICE 15 3.0

SIZE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL NUMBERS PERCENTAGE NUMBER OF
{MICRONS) 7 SPHERULES

5 7 3.7 9.7 72

10 5 6.9 16.7 65

15 3 11.1 27.8 60

20 17 23.5 51l.4 52

25 13 18.1 69.4 35

30 7 9.7 79.2 22

35 4 5.6 84.7 15

40 3 4.2 88.9 11

45 2 2.3 91.7 8

50 2 2.8 94 . 4 6

55 2 2.8 97.2 4

60 i 1.4 9B.6 2

65 0 g.0 98.6 1

70 0 - 0.0 98.6 1

75 1 1.4 1006.0 1




A 65
LOCATION [CE TYpE SAMPLE LENGTH

NUMBZR METERS
-3 GLACIAL IC= 15 3.0
CCUMULATIVE NUM3ER MASS CALCULATIONS
OF SPHERULES VOLUME MASS CUMULATIVE
DER SQUARE METER {CUBIC {GRAMS) MAS S
PER SECOND CENTIMETERS) {GRAMS)
F1IO%RF— 4 ®] Oxk~—8 *10%%x-—-8 *10 %%k
2.07 0.05 0.21 550.71
1.87 0.26 1.18 550.51
1.73 1.41 6.39 549,32
1.50 7.09 32.18 542,93
1.01 10.59 48,06 510.75
0.63 9, 85 44,72 462.69
0.43 8.94 40,58 417.97
0.32 10.01 45,43 377.39
0.23 9.50 43,12 331.95
0.17 13.03 59.16 288.83
0.12 17.34 78.74 229.57
0.06 11.26 51.11 150,94
0.03 0.0 0.0 99,83
0.03 0.0 0.0 99.83
0.03 21.59 99,83 99,83
AVERAGE DIAMETER= 24.7 MICRONS
AVERAGE MASS = 7.65 %1 0%%-8 GRAMS
AVERAGE DIAMETER MASS=  31.S MICRONS

ENTIRE EARTH INFLUX= 25451.6 METRIC TONS /YEAR




67

LOCATICN ICE TYPEZ SAMPLE LENGTH
NUMBER METERS
T-3 GLAC AL ICt 17 3.0

SIZt SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL NUMBERS PERCENTAGE NUMBER (OF
{MICRONS) SPHERULES

5 9 17.0 17.0 ' 53

10 7 13.2 30,2 44

15 11 20.8 50.9 37

20 14 26.4 77.4 26

25 4 7.5 84,9 12

30 1 1.9 86.8 8

35 1 1.9 88.7 7

49 1 1.9 90.6 &

45 3 5.7 96.2 5

50 1 1.9 98.1 2

55 0 0.0 98.1 1

60 1 1.9 100.0 1




68

LOCATICN ICE TYPE SAMPLE LENGTH
NUMBER - METERS
T-3 GLACTIAL ICE 17 3.0
CUMULATIVE NUMBER MASS CALCULATICNS
CF SPHERULES . VOuLuME MASS CUMULATIVE
PER SQUARE METER {(CUBIC {GRAMS} MASS
PER SECCND CENTIMETERS) {GRAMS)
*10%*-4 ®10%%—-8 *10%%-3 *10*®*%—8
1.52 0.06 0.27 229.05
1.27 0.36 1.66 228.79
1.06 1.53 3.78 227.13
0.75 5.84 26.50 218.35
0.35 3.26 14.79 191.384
0.23 -1.41 6.39 177.05
0.20 2.23 10.15 170.67
0.17 3.34 15.14 160.52
0.14 14.25 64.69 145.38
0.06 6.51 29.58 80.69
0.03 0.0 0.0 51.11
0.03 1l1.26 51.11 51.11
AVERAGE DIAMETER= 16.1 MICRONS
AVERAGE MASS = 4032 ®10%%x- GRAMS
AYERAGE CIAMETER MASS= 26.3 MICRONS ‘

ENTIRz EARTH INFLUX= 10585.8 METRIC TONS /YEAR




69

LOCATICN ICE TYRE SAMPLE LENGTH
NUMBER METERS
-3 GLACIAL IC= 18 3.0

SIZE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL NUMBERS PERCENTAGE NUMBER OF
(MICRONS) SPHERULES

5 8 11.0 11.0 73

. 10 9 12.3 23.3 65
15 20 2744 50.7 56

20 13 17.8 68.5 36

25 11 15.1 83.6 23

30 2 2.7 86.3 12

35 3 4,1 90.4 10

40 2 2.7 93.2 7

45 Q 0.0 93.2 5

50 0 0.0 93.2 5

55 1 1.4 94.5 5

60 ! 1.4 95.9 4

65 0 0.0 95.9 3

70 1 Lo 97.3 3

75 0 0.0 97.3 2

80 1 1.4 98.6 2

85 0 0.0 98.6 1

90 1 1.4 100.0 L




70

LOCATION ICE TYPE SAMPLE LENGTH
; NUMBER" METERS
T-3 GLAC IAL ICE 18 3.0
CUMULATIVE NUMBSR MASS CALCULATIONS
GF SPHERULES VOL UME MASS CUMULAT IVE
PER SQUARE MZTER {CUBIC {GRAMS) MASS
pPER SECOND CENTIMETERS) {GRAMS)
F10¥E~ 4 #10%%—~8 *10%%—8 *10%%—8
2.10 0.05 0.24 622.41
1.87 Q.47 2.13 622.17
1.61 3.52 15.97  620.04
1.04 5.42 24.61 604.07
0.66 8.96 40.67 579.46
0.35 2.81 12.78 538.79
0.29 6.70 30.44 526,02
0.20 6.67 30.29 495,58
0.14 0.0 0.0 465,29
0.14 0.0 0.0 465.29
O.14% 8.67 39.37 465.29
0.12 11.26 51.11 425,92
0.09 _ 0.0 C.0 374.81
0.09 17.88 8l1.16 374.81
0.06 0.0 0.0 293 .65
C.06 26.69 121.15 293.65
0.03 0.0 0.0 172.50
0.03 38.00 172.50 - 172.50
AVERAGE DIAMETER= 21.4 MICRCNS
AVERAGE MASS = 8.53 *10%%— GRAMS
AVERAGE DIAMETER MASS= 33.0 MICRCNS

ENTIRE EARTH INFLUX= 28765.2 METRIC TGONS /YEAR




71
LOCATION ICT TypE SAMPLE LENGTH
NUMBER METERS
T-3 GLAC faL ICE 19 3.0

SIZE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL NUMBERS PERCENTAGE NUMBER OF
{MICRONS) SPHERULES

5 15 22.7 22.7 66
10 6 9.1 31.38 S
15 13 19,7 51.5 45
29 3 4.5 56.1 32
25 10 15.2 71.2 29
30 6 3.1 80.3 19
35 1 1.5 81.8 13
40 3 4.5 86.4 12
45 4 6.1 - 92.4 g9
50 1 1.5 93.9 5
55 0 0.0 93,9 4
60 0 0.0 93.9 A
65 2 3.0 97.0 4
70 0 0.0 97.0 2
75 0 0.0 97.0 2
80 1 1.5 98.5 2
85 0 0.0 98.5 1
50 0 0.0 98.5 1
95 0 0.0 98.5 1
100 0 0.0 98.5 1
105 o 0.0 98.5 1
110 0 0.0 98.5 1
115 0 0.0 98.5 1
129 0 0.0 98.5 1
125 1 1.5 100.0 1




LOCATICON

T-3

ICE TYPC

GLaC IAL ICE

CUMULATIVE NUMBER

72

SAMPLE LENGTH
NUMBER - METERS
19 3.0

MASS CALCULATICNS

OF SPHERULES VOLUME MASS
PER SQUARE METER {CuBIC {GRAMS)
PER SECOND CENTIMETERS)

*10=x—4 *LO¥x—8 *10%%-—-8
1.990 0.10 0.44
1.47 0.31 1.42
1.29 2.29 10.38
0.S2 1.25 5.68
0.83 8.14 36,97
0.55 B.44 38.33
0.37 2.23 10.15
0.35 10.01 45.43
0.26 19.00 86.25
Q.14 .51 25.58
0.12 0.0 0.0
0.12 0.0 0.0
0.12 28.63 129.97
0.06 0.0 0.0
0.06 0.0 0.0
0.06 26.69 121.15
0.03 0.0 0.0
0.03 0.0 0.0
0.03 0.0 0.0
.03 0.0 0.0
.03 0.0 0.0
0.03 0.0 .0
0.03 0.0 0.0
0.03 0.0 0.0
0.03 101.80 462.16

AVERAGE OIAMETER= Z3.3 MICRONS
AVERAGE MASS = 14.82 *10%%~8
AVERAGE DIAMETER MASS= 39.7 MICRONS
ENTIRE EARTH INFLUX= 45194.8

CUMULATIVE
MASS
{GRAMS)

w10 %

977.91
977.47
3976.05
965.65
955.959
923.01
884.68
874.53
829.10
T742.85
713.28
713.28
713.28
583.31
583.31
583.31
462.16
462.16
462.16
462.16
462.16
462.16
462.16
462.16
462.16

GRAMS

METRIC TONS /YEAR



73

LOCATION ICE TYPE SAMPLE LENGTH
NMUMBER - METERS
T-3 GLACTIAL ICE 20 3.0

SIZE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL MNUMBERS PERCENTAGE NUMBER OF
{MICROMNS) SPHERULES

5 8 12.1 i2.1 66

16 13 19.7 31.8 58

15 9 13.6 45,5 45

20 -9 13.6 59.1 36

25 11 16.7 75.8 27

30 5 7.6 83.3 16

35 5 7.6 50.9 11

40 2 3.0 33.9 6

45 2 3.0 97.0 4

50 1 1.5 98.5 2

55 0 0.0 38.5 1

60 0 0.0 38.5 1

&5 1 1.5 100.0 1




74

LCCATION ICE Tv2F SAMPLE LENGTH
NUMBER" METERS
-3 GLACIAL ICE 20 3.0
CUMULATIVE NUM3ER MASS CALCULATICNS
OF SPHERULES VOLUME MASS CUMULATIVE
PER SQUARE METER (CUBIC {GRAMS) , MASS
pPER SECCOND CENTIMETERS) {GRAMS )
F10%E~4 1 (%3 ®10%%-3 F]1(05%x-8
1.90 0.05 0.24 318.85
1.67 0.68 3.08 318.561
1.29 i.58 7.19 315.54
1.04 3.75 17.04 308.35
0.78 ‘ 8.94 40.67 291.31
0,46 7.04 31.94 250.64
.32 11.17 50.73 218.70
0.17 6.67 30.29 167.97
O0.12 9.50 43.12 137.69
0.06 6.51 29.58 94.54
0.03 G.0 0.0 64,98
0,03 0.0 0.0 64.98
0.03 14.31 64.98 - 64.98
AVERAGE DIAMETER= 20.8 MICRONS
AVERAGE MASS = 4.83 *10%%-8 (GRAMS

AVEZRAGE DIAMETER MASS= 27.3 MICRGNS
ENTIRE EARTH INFLUX= 14735.9 METRIC TONS /YEAR




75

LOCATICN ICE TYPZ SAMPLE LENGTH
NUMBER METERS
T-3 GLACTIAL ICt 2% 2.0

SIZE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL MUMBERS PERCENTAGE NUM3ER OF
{MICRONS) SPHERULES

5 5 6.9 6.9 72
10 9 12.5 19.4 67
15 3 4.2 23.6 58
20 10 13.9 37.5 55
25 10 13.¢ 51.4 45
30 9 12.5 63.9 35
35 3] 8.3 T2.2 26
40 8 i1.1 83.3 20
45 3 4.2 87.5 12
50 2 2.8 50.3 9
55 1 1.4 1.7 7
60 1 loa 93.1 ]
65 G 0.0 93.1 5
70 1 1.4 94.4 5
75 a 0.0 94.4 4
80 0 0.0 G . 4 4
85 1 1.4 95.8 4
90 2 2.8 98.6 3
S5 0 0.0 98.56 1
100 0 2.0 98.5 1
165 G 0.0 93.6 1
110 G 0.0 98.6 1
115 O 0.0 8.6 1
120 Q 8.0 98.6 1
iz25 1 1e4 100.0 1




78

LOCATION ICE TYPE SAMPLE LENGTH
NUMBER METERS
-3 GLACTIAL ICE 24 2.0
CUMULATIVE MUM3ER MASS CALCULATICNS
OF SPHERULES VOLUME MASS CUMULATIVE
PER SQUARE METER (CUBIC {GRAMS) MASS
PER SECOND CENTIMETERS) {GRAMS)
* 1 0% %k— 4 F]10xx-3 *10%=—3 F10 %%~
3.11 0.03 0.15 1548.06
2490 0.47 2.13 1547.91
2.51 0.53 2+.40 1545.78
2.38 : 4.17 18.93 1543.38
1.85 8.14 36.97 1524.45
1.51 12.67 57.50 1487.48
1.12 . 13.41 60.87 1429.98
0.84 26469 121.15 1369.11
0.22 14.25 £4.69 1247.96
0.39 13.03 59.16 1183.27
0.30 8.67 39.37 1124.11
0.26 i1.286 51.11 1084.75
C.22 0.0 0.0 1033.64
0.22 17.88 81.16 1033.64
0.17 0.0 0.0 952..47
0.17 0.0 0.0 952.47
Q.17 32.01 145.32 952.47
J.13 75.99 345.00 807.16
0.04 0.0 0.0 462.16
0.04 0.0 0,0 462.15
0.04 0.0 0.0 462416
C.04 0.0 0.0 462.16
0.04 0.0 0.0 462.16
0.04 0.0 0.0 4862.16
G.04 101.80 462.16 462.16
AVERAGE DIAMETER= 30.8 MICRONS
AVERAGE MASS = 21.50 *10%*%-38 (GRAMS
AVERAGE DIAMETER MASS= 43.0 MICRONS

ENTIRE EARTH INFLUX= 10753%.1 METRIC TONS /YEAR




LGCAT ION

T-3

SIZE

5
10
15
20
25
30
35
40
45
50

ICz TYPE

GLACTAL ICE

77

SAMP
NUMB
27

SPHERULE PERCENTAGE
INTERVAL NUMBERS
{MICRONS)

(VI ST S« I IR s S TV R

17.1

7.3
l4.56
12.2
12.2
14.56

9.8

-

-

-~ NN
WP

-

Le LENG
ER METE
3.0

CUMULATIVE
PERCENTAGE

17.1
24 o4
39.0
51.2
63.4
78.0
87.8
90.2
92.7
100.0

TH
RS

CUMULATIVE
NUMBER OF
SPHEZRULES

41

34

31

25

20

15

9

5
4
3




LOCATION ICE TypE

T-3 GLACIAL IC

m

CUMULATIVE NUMBER

OF SPHERULES VoL

R SQUARE METER (Cu

R SECOND CENTI
*1 0% %k~ 4 *

1.18

0.98

0.89

0.72

0.58

0,43

0.26

0.14

0.12

0.09 1

AVERAGE DIAMETER=
AVERAGE MASS =

AVERAGE DIAMETER MASS=
ENTIRE EARTH INFLUX=

78

SAMPLE LENGTH
MUMBER METERS
27 3.0

MASS CALCULATICNS

UME. MASS CUMULATIVE
B1C {GRAMS) MASS
METERS) IGRANMS)
O — =] Q% *x-—g *]10**x~-§
0.05 0.21 238.01
0.16 0.71 237.81
1.06 4. 79 237.10
2.08 .46 232.31
4.07 18.49 222.84
8.44 38.33 204.36
8.94% 40.58 166.02
3.34 15.14 125.44
4.75 2l.56 110.3¢0
F9.54% 88.73 88.73
22.8 MICRCNS
5.81 %] O%%— GRAMS
259.1 MICRIONS
11000.0 METRIC TONS /YEAR




LOCATIGN ICE TYPE

1-3

SiZe

GLaCIaL IC:

INTERVAL NUMBERS

{MICRONS)

5
10
15
20
25
30
35
40
45
50

4 35.9
7 17.9
2 5.1
7 17.9
1 2.6
1 2.6
4 10.3
1 2.6
1 2.6
i 2.5

79

SAMP
NUMB
29

LE
ER-

LENGTH
METERS

1'0

SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

PERCENTAGE NUMBER OF

35.9
53.8
59.0C
75.69
79.5
82.1
2.3
94,9
97 . 4
100.0

SPHERULES
39
25
18
16

PN WSRO




30

LOCATION ICE TYPE SAMPLE LENGTH
NUMBER" METERS
T3 GLAC IAL ICE 29 L.0
CUMULATIVE NUMBER MASS CALZULATICNS
OF SPHERULES VOLUME MASS CUMULAT IVE
pER SQUARE MuTER {(CuBiIc [GRAMS] MASS
pErR SECOND CENTIMETERS) - {GRAMS)
*I0FF-4 *®10%%—8 ] 08 10 x®%—§
3.35 0.09 0.41 133.87
2.15 0.36 1.66 133.46
1.55 G.35 1.60 131.80
1.38 2.92 13.25 130.2¢C
0.77 0.81 3.70 116.95%5
0.69 1.41 6439 113.25
0.60 8. 94 40.58 106.87
0.26 3.34 15.14 66.28
0.17 4.75 21.56 51.14
0,09 6,51 29.58 29.58
AVERAGE DIAMETER= 16.4 MICRCNS
AVERAGE MASS = 3.43 %10%*¥-8 GRAMS
AVERAGE DIAMETER MASS= 24.4 MICROENS

ENTIRE EARTH INFLUX= 18484.,4 METRIC TONS /YEAR




81

LOCATIAON ICE TYP2Z SAMPLE LENGTH
NUMBER METERS
-3 GLaCtaL ICE 32A 1.0

SIZE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL NUMBERS PERCENTAGE NUMBER OF
{MICRONS) SPHERULES

5 10 35.7 35.7 28

10 8 238.6 54.3 18

15 1 3.6 67.9 10

20 0 0.0 67.9 9

25 3 10.7 8.6 9

30 1 3.5 82.1 6

35 0 0.0 82.1 5

40 2 7.1 89.3 5

45 3 10.7 100.0 3




82

LOCATION ICE TYPE SAMPLE LEMGTH
NUMBER METERS
T-3 GLACTAL ICE 32A 1.0
CUMULATIVE NUMBER « MASS CALCULATICNS
OF SPHERULES VOLUME MASS CUMULATIVE
pPER SQUARE METER (CuBicC {GRAMS]) MASS
pER SECUND CENTIMETERS) {(GRAMS )
F10% %~ 4 #]Oxx—8 ] O%R¥— F1 0 %%t
2.41 : 0.07 C.30 115.44
1.55 , 0.42 1.89 115.15
0.86 0.18 0,80 113.25
Q.77 0.0 0.0 112.46
0.77 2.44 11.09 112.46
0.52 l.41 6.39 101.36
0.43 0.0 0.0 94.98
0.43 6.67 30.2¢ 94.98
0.26 14.25 64,69 654.69
AVERAGE DIAMETER= 16.6 MICRONS
AVERAGE MASS = 4,12 *10%=~-8 GRAMS
AVZRAGE DIAMETEZR MASS= 25.9 MICRONS

ENTIRE EARTH INFLUX= 15940.0 METRIC TONS /YEAR




83

LOCATION ICE TYPE SAMPLE LENGTH
NUMBER- METERS
T—3 GLACIAL ICE 328 1.0
SIZE SPHMERULE PERCENTAGE CUMULATIVE CUMULATIVE
INTERVAL NUMBERS PERCENTAGE NUMBER OF
{MICRONS) SPHERULES
5 9 16,4 15.4 55
10 13 23.6 40.0 46
15 3 5.5 45.5 33
20 5 g.1 54.5 30
25 11 20.0 T4e5 25
30 6 10.9 85.5 14
35 3 5.5 90.9 8
40 3 5.5 G6.4 5
45 1 1.8 38.2 2
50 0 0.G 98.2 1
55 0 0.0 98.2 1
60 Q 0.0 38.2 1
65 0 .0 98.2 1
70 1 1.8 100.0 1




34

LOCATION ICE TYPE SAMPLE LENGTH
NUMBER METERS
T-3 GLACIAL ICE 328 1.0
CUMULATIVE NUMBER MASS CALCULATICNS ,
OF SPHERULES VOLUME MASS CUMULATIVE
PER SQUARE METER {(CUBIC [GRAMS) MAS S
pPER SECOND CENTIMETERS) - {GRAMS)
®10%%E—4 *]0%%-8 #10*%*—8  F10%%-8
4.73 0.06 0.27 272.80
3.55 0.68 3.08 272.53
2.84 0.53 2.40 269.46
2.58 2.08 9.46 267.06
2.15 8.96 40.67 257.60
1.20 8.44 38.33 216,93
0.69 5.70 30. 44 178.59
0.43 10.01 45,43 148.16
0.17 4.75 21.56 102.72
0.09 0.0 0.0 8l.16
0.09 0.0 0.0 8l.16
0.09 0.0 0.0 81.16
0.09 0.0 0.0 8l.16
0.09 17.88 81.16 81.16
AVERAGE DIAMETER= 20.3 MICRONS
AVERAGE MASS = : 4,96 *10%*%-8 GRAMS
AVERAGE DIAMETER MASS=  27.6 MICRCNS

ENTIRE EARTH INFLUX= 3766T7.1 METRIC TGNS /YEAR
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LOCATION ICE TYPE SAMPLE LENGTH
NUMBER - METERS
T3 GLAC IAL ICE 32C 1.0

SIZE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL MNUMBERS PERCENTAGE NUMBER OF
{MICRAONS) SPHERULES

5 8 2l.56 21.6 37

10 g 24.3 45,9 , 29

15 1 2.7 48,6 20

20 5 13.5 62.2 19

25 4 10.8 73.0 14

30 4 10.8 83.8 10

35 1 2.7 86.5 6

40 G 0.0 85.5 5

45 2 5.% 91.9 5

50 1 2.7 F4.6 3

55 1 2.7 97.3 2

60 0 0.0 97.3 1

55 1 2.7 100.0 1
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{ OCATION ICZ TyPe SAMPLE LENGTH
: ' NUMBER Mz TERS
-3 GLAC Iat ICE 32C 1.0
CUMULATIVE NUMBER MASS CALCULATILNS
OF SPHERULES VOLUME MASS CUMULATIVE
pER SQUARE METER {CUBIC {GRAMS MASS
pER SECOND CENTIMETERS) {GRAMS)
*®]10FF~ 4 *¥10%%-8 *10%%—8 F10%*-—-8
3.18 0.05 0.24 240.17
2.49 047 2.13 239.94
1.72 0.18 0.80 237.81
1.63 2.08 - 9.46 237.01
1.20 3.26 14.79 22T.54
0.86 5.63 25.56 212.76
0.52 2.23 10.15 187.20
0.43 0.0 0.0 177.05
0.43 9.50 43.12 177.05
0.26 6.51 29.58 133.93
.17 8.67 39.37 104.35
0.09 0.0 0.0 64,98
0.09 14.31 64.98 64.98
AVERAGE DIAMETER= 20.5 MICRONS
AVERAGE MASS = 6.49 *10%=%~8 GRAMS
AVERAGE DIAMETER MASS= 30.2 MICRCNS

ENTIRE EARTH INFLUX= 33162.4 METRIC TONS /YEAR
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LOCATION ICE TYPE SAMDLE LENGTH
NUMBER METERS
-3 GLAC IAL ICE 320 1.0
SIzZcE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE
INTERVAL NUMBERS PERCENTAGE NUMBER OF
{MICRONS) SPHERULES

5 8 21.6 21.6 37
10 9 24.3 45.9 29
15 4 10.8 56.8 20
20 4 10.8 67.46 )
25 3 8.1 75.7 12
30 o} 0.0 75.7 g
35 6 16.2 91.9 9
490 1 2.7 94 . 6 3
45 0 0.0 94,6 2
50 1 2.7 97.3 2
55 0 0.0 97.3 1
60 0 0.0 97.3 1
65 0 0.0 97.3 1
70 0 0.0 97.3 1
75 0 0.0 97.3 1
80 0 0.0 97.3 1
85 1 2.7 1

100.0
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L OCATIGCN ICE TYPE SAMPLE LENGTH
NUMBER - METERS
T3 GLAC AL ICE 32D 1.0
CUMULATIVE NUMBER MASS CALCULATICNS
OF SPHERULES VOLUME MASS CUMULAT IVE
pPEIR SQUARE METER {cusic {GRAMS) MASS
PER SECIOND CENTIMETERS) {GRAMS)
21 0%F%—4 F10%%—-3 %] (Q%%—g *1 0%~
3.18 0.05 - 0.24 275.13
2.49 0.47 2.13 274.90
1.72 0. 70 3,19 272.77
1.38 , , 1.67 757 269.57
1.03 » 244 i1.0%9 262.00
0.77 0.0 0.0 250.91
0.77 . 13.41 50.87 250.91
0.26 3.34 15.14 190.04
0.17 0.0 0.0 174.90
0.17 6.51 29.58 174.90
2.09 0.0 0.0 145.32
0.09 0.0 0.0 145,32
0.09 0.0 0.0 145.32
.09 0.0 C.0 145,32
.09 0.0 0.0 145.32
0.09 0.0 0.0 145.32
0.09 32.01 145.32 145.32
AVERAGE DIAMETER= 19.7 MICRCGNS
AVERAGE MASS = T.44 *10%%-8 GRAMS
AVERAGE DIAMETER MASS= 31.6 MICRONS

ENTIRE EARTH IMFLUX= 37985.7 METRIC TONS /YEAR




_CCATICN

SIZE

INTZRVAL NUMBERS
{MICRONS]

5
10
15
25
25
30
35
40
45
50
55
60
65
70
75
80
85
S0
95

1090
105
1i0
115
1240
125
130

ICE TYPE

GLACIAL ICE

b e e N
O OO0 OoOWy~NOHOowu
Q!Qt"...‘&."'ilt'ﬁi.!

.

14

FOOOO0OO0QOOOODOFHODODOOONID DV
BOCODOOLOOLOOO®WOOOCOOOO WU MO NW

HFOOOOOOCOoOOO oD

»

25.5
43,5
54.5
69.1
78.2
85.5
92.7
96.4
26 .4
96 .4
96.4
96,4
96 .4
S6.4
98.2
98.2
98.2
98.2
98.2
98.2
98.2
98,2
98.2
98.2
98.2

100.0

SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE
PERCENTAGE NUMBER OF
SPHERULES

55
41
31
25
17
12

F e e e e e = NN N N N N S




LOCATION ICE TYPE

SAMPLE
NUMBER
-3 GLACIAL ICE 32t
CUMULATIVE NUMBZR MASS C
OF SPHERULES VaLuME M
PER SQUARE METER {Cusic (G
PER SECOND CENTIMETERS)

*10%%- 4

‘e 13
3.52
2+66
2.15
1.46
1.03
0.69
0.34
O0.17
S 0.17
0.17
0.17
0.17
0.17
0.17
0.09
0.09
0.09
0.G9
0.09
0.09
0,09
0.09
0.09
C.09
.09

AVERAGE DIAMETER=
AVERAGE MASS =

AVERAGE DIAMETER MAS

ENTIRE FARTH INFLUX=

® 90

#) O%k—8 %

0.09
Q.52
1.06
3.34 1
4,07 1
5.63 2
8.94 4
6.67 3
0.0
0.0
O‘O
0.0
0.0
0.0
2199 9
0.0

« 0

L

-POOOS)OOOOO
WOoOoOooacoon

114.51 51
—1938
13.77

S= 38.8

104567, 8

LENGTH
METERS
1.0

ALCULATICONS

ASS CUMULATIVE

RAMS) MASS
{GRAMS)

10%%—8 %10 %%-8

0.41 757.32
2.37 . 156.90
4.79 T54.54
5.14 749 .74
8.49 734.60
5.56 716,11
0.58 6$90.56
0.29 649.98
0.0 619.569
0.0 619.569
0.0 5619.69
0.0 619.59
G.0 619.69
C.0 619.69
9.83 £15.69
0.0 519.8%
0.0 519.86
0.0 519.86
0.0 519.86
0.0 519.86
8.0 519.84
0.0 519.86
0.0 519.86
0.0 519.86
0.0 519.86
9.86 519.86
MICRCNS

#®10**~8 GRAMS

MICRONS

METRIC TONS /YEAR
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LGCATION ICz TYPE SAMPLE LENGTH
NUMBER METERS
-3 GLACTAL ICE 32F 1.0

"SILE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL NUMBERS PERCENTAGE NUMBER OF
{MICRONS) SPHERULES

5 4 14.3 14.3 28

10 3 10.7 25.0 24

15 2 Ta1 32.1 21

20 7 25.0 57.1 19

25 o 2l 4 78.6 12

30 2 7.1 85.7 6

35 2 7.1 92.9 4

40 2 7.1 100.0 2
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LCCATION ICz TvyPE SAMPLE LENGTH
NUMBER METERS
T-3 GLaACIAL ICk 32F 1.0
CUMULATIVE NUMBER MASS CALCULATIUNS
gf SPHERULES voLuymze MASS CUMULATIVE
PER SQUARE METER {(CuUsIcC {GRAMS) MASS
PER SECOND CENTIMETERS) {GRAMS)
1 0=%—-4 * 1 OF A 1 0%%-8 *10 %%~
2+41 0.03 0.12 101.22
2.06 0.156 0.71 101.10
1.80 0.35 1.60 100.39
1.63 2.92 13.25 98.79
1.03 4.89 22.18 85.54
0.52 2.81 12.78 63.36
0.34 . 4ot 20.29 50.58
0.17 : 6.67 30.29 - 30.29
AVERAGE DIAMETER= 20.7  MICRONS
AVERAGE MASS = 3.61 *10%%- GRAMS
AVERAGE DIAMETER MASS= 24.8 MICRONS

ENTIRE EARTH INFLUX= 13975.6 METRIC TONS /YEAR




SIZE

INTERVAL
{MICRONS)

5
10
15
290
25
30
35
40
45
50
55
60
55
70
75
80
85
90
95
100
105
110
115
120
125
130

O OS OO OO MO e e D e N

LOCATION ICE TYPE

GLaC IAL

SPHERULE
NUMBERS

53
52
17
29
32
17
16
10

PERCENTAGE

e s NN

QOO0 OUCOOOOOOONP OO ~NWN-HN
L I 2 T R D TR D D TN S TR TR TN S S S S S S
FPOOCOCODOOOPOP P POP DN b U bt b e

¥

*

22.1
43.7
50.8
62.9
6.2
83.3
90.0
94.2
6.7
97.5
7.9
97.9
98.3
98.7
95.2
99.2
99.6
99.6
99.56
99.6
99.86
G59.6
9.6
99.6
%9.6

100.0

CUMULATIVE CUMULATIVE
PERCENTAGE NUMBEZR OF
SPHERULES

240

187

135

118

89
57
4Q
24

14

P ot gt et e e et b DO PO W P AU O o
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LOCATION ICE TYPE SAMPLE LENGTH
| NUMBER METERS
-3 GLACIAL ICE 32 6.0
CUMULATIVE NUMBER MASS CALCULATICNS
OF SPHERULES VOLUME MASS CUMULATIVE
PER SQUARE METER (CusIC {GRAMS} MASS
PER SECOND CENTIMETERS) {(GRAMS )
FIO0FF- 4 *10%*—8 21 0%%~8 210%%-8
3.46 0.35 1.57 1762.08
2.70 2.71 12.30 1760.52
1.95 2.99 13.58 1748.21
1.70 12.09 54.90 1734.64
1.28 26.06  118.31 1679.74
0.82 23.92  108.61  1561.43
0.58 - 35,75  162.32 1452.82
0.35 33.36  151.44% 1290.49
0.20 28.50 129.37 1139.05
0.12 13.03 59.16 1009.68
0.09 8.67 - 39.37 $50.52
0.07 0.0 0.0 C911.15
0.07 14.31 64.93 911.15
0.06 17.88 81.16 846.17
0.04 21.99 99.83 765.01
0.03 0.0 0.0 665,18
0.03 32.01  145.32 565,18
0.01 0.0 0.0 519.86
0.01 0.0 0.0 519.86
0.01 0.0 0.0 519.86
0.01 0.0 0.0 519.86
0.01 0.0 0.0 519.86
0.01 0.0 0.0 519.86
0.01 0.0 0.0 519.86
0.01 0.0 0.0 519.86
0.01 114.51  519.36 519.86
AVERAGE DIAMETER= 15.8 MICRCNS
AVERAGE MASS = 7.34 %10%%—~8 GRAMS
AVERAGE DIAMETER MASS=  31.4 MICRONS

ENTIRE EARTH INFLUX= 40802.3 METRIC TONS /YEAR




LOCAT iON

SIZE
INTERVAL
{MICRONS)

5
10
15
20
25
30
35
40
45
50
55
60
&5
70
75
8Q
85

11
T

GLAC [AL ICE

NUMBERS

» & ¢

-
NN PO

[] 2 a 13 . . 1 3 * + 1 [
NOOCOQOODONONONVV WM TGO

.

*

HFOOOOOOM OMOM WL WEMO

POOOCOCOOPO PO

*

SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE
PERCENTAGE NUMBER OF

SPHERULES

24
24
13
10

il R Il S N TR O |
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-
[y

LOCATION ICE TY

-3 GLACIAL ICE

CUMULATIVE NUMBER

GF SPHERULES VoL
PER SQUARE METER {CU
2ER SECOND CENTI
%1 0%%~& &

2.06
2.06
1.12
0.85
0.560
0.34
0.26
0.26
0.17
0.17
0.09
0.09
¢.09
0.09
0.09
0.09
0.09

[¥¥]

AVERAGE DIAMETER=
AVERAGE MASS =

AVERAGE DIAMETER MASS=
ENTIRE EARTH INFLUX=

96

SAMPL
NUMBE
23

MASS
UME
BIC ({
METERS])
10%%—-3

.

L

QOO0 OOWMOWOHPHNOMO
Lol SRR RS R

»

) L] 1y * [ ] ] [ ] [ ] L ]
-

NOOOOQOOOOWOLOHFNMFOOO

et
et

*

20.6
9.09

33.7

30128.0

E LENGTH
R MeTERS
1.0

CALCULATICNS

MASS CUMULATIVE

GRAMS) MASS
{GRAMS)

$]1 0% %—8 *¥10%%—8

0.0 218.20

2.560 218.20
2+.40 215.59
5.68 213.20
11.09 207.52
5.39 196 .43
0.0 190.04
15.14 190.04
0.0 174.90
29.58 174.30
0.0 145.32
0.0 145.32
0.0 145.32
0.0 145.32
0.0 145.32
0.0 145.32
45,32 145.32
MICRONS

*¥1O0#%-8 GRAMS
MICRCNS
METRIC TONS /YEAR
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LCCatIoNn ICe  TYPE SAMPLE LENGTH
NUMBER METERS
-3 GLAC AL ICE 354 1.C

S1ZE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL NUMBERS PERCENTAGE NUMSER OF
{MICRONS) ; SPHERULES

5 4 12.5 12.5 32

10 13 40.56 53.1 28

15 3 9.4 52.5 15

20 2 6.3 68.8 12

25 3 9.4 78.1 10

30 0 0.0 78.1 7

35 5 15.86 93.8 7

40 2 6.3 - 100.0 2




LOCATION ICE TYPE

-3 GLAC [AL ICt

CUMUL ATIVE NUMBER

AVERAGE MASS =

AYERAGE DIAMETER MASS=
EMTIRE EARTH INFLUX=

98

SAMPLE LENGTH
NUMBER METERS
35A 1.0

MASS CALCULATICNS

23.8

CUMULATIVE

OF SPHERULES VOLUME MASS
PER SQUARE METER {Cugsi1c {GRAMS) MASS
P EROSECOMD CENTIMETERS) {GRAMS ]
RIQFR~ 4 1 0Fx— x] 0%=x-8 *10 %k~
2.75 0.03 0.12 101.48
241 0.68 3.08 101.38
1.29 0.53 2.40 98.29
1.03 0.83 3.79 35 .89
G.86 2.44 11.09 92.11
0.60 0.0 0.0 81.01
0.60 11.17 50.73 81.01
Q.17 6.567 30.29 30.29
AVERAGE DIAMETER= 17.7 MICRONS

3.17 *10%%~8 GRAMS

MICRONS
14012.4 METRIC

TONS /YEAR
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LOCATION ICE TYPRE - SAMPLE LENGTH
, NUMBER . METERS
-2 GLACTAL ICE 358 1.C

SIZE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERYAL NUMBERS PERCENTAGE NUMBER OF
{MICRONS) SPHERULES

5 3 15.0 15.0 20

10 & 30.0 45.0 17

15 1 5.0 50.0 11

20 3 15.0 6£5.0 10

25 2 10.0 5.0 7

30 3 15.0 90.0 5

35 1 5.0 95.0 Z

40 G 0.0 95.C 1

45 0 0.0 95,0 1

50 0. 0.0 95.0 1

55 0 0.0 95.0 1

60 o 0.0 95.0 i

65 Q 0.0 95.0 1

70 0 0.0 35.0 1

75 1 5.0 100.0 i
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LOCATION ICE TYPE SAMPLE LENGTH
: NUMBER METERS
T-3 GLACTIAL ICE 353 ' 1.0
CUMULATIVE NUMBER MASS CALCULATICNS
OF SPHERULES VOLUME MASS CUMULATIVE
PER SQUARE METER (CUSIC [GRAMS) MASS
pER SECOND ENTIMETERS) {GRAMS)
F®10%*®—~ 1 0%%—-5 *1*%*%-8 *10%x—3
1.72 0.02 0.09 146,52
1.46 0.31 1.42 144,43
J.95 0.18 0.80C 143.01
0.36 ‘ 1.25 5.68 142.21
0.60 .63 1.39 136.53
O.43 4.22 19.17 123.14
O0.17 . 2.23 10.15 109.97
0.09 0.0 0.0 99.83
0.09 0.0 0.0 99,83
0.09 G.Q 0.0 99.83
0.09 0.0 0.0 99.83
0.09 0.0 0.0 99.83
0.09 C.0 0.0 99.83
0.C9 0.0 U.0 99.83
0.09 21.99 99.83 99.83
AVERAGE DIAMETER= 26.0 MICRCNS
AVERAGE MaAaSS = 7.23 *10%%-8 GRAMS
AVERAGE DIAMETER MASS= 31.3 MICRONS

ENTIRE EARTH INFLUX= 19954.6 METRIC TONS /YEAR
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LOCATION ICE TYPE SAMPLE
NUMBER
T-3 GLAC IAL ICE 35C

INTERVAL NUMBERS
{MICRONS)

5 1 3.6
10 11 39.3
15 & 21l.4
26 4 14.3
25 2 7.1
30 3 10.7
35 i 3.6

3.6
42.9
64.3
78.6
85.7
96.4

100.0

LENGTH
METERS

1.0

SI1ZE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE
PERCENTAGE NUMBER QF

SPHERULES
28
27
16
10
6
4
1




BN
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LOCATION ICE TvPg SAMPLE LENGTH
NUMBER METERS
7-3 GLAC IAL 1ICg 35C 1.0
CUMULATIVE NUMBER MASS CALCULATICNS
GCF SPHERULES vaLyme MASS CUMULATIVE
PER SQUARE METER (Cusic {GRAMS) MASS
PER SECOND ENTIMETERS) {GRAMS)
Ok %R~ & #]0%%~8 H]0%%-8 ] OEx—
2.41 ’ 0.01 0.03 51.70
2.32 0.57 2.60 ' 51.67
1.38 1.06 4. 79 49.07
0.86 1.67 7.57 44,28
0.52 1.563 7.39 36.71
0.34 4a22 19.17 29.31
0.09 2.23 10.15 10.15
AVERAGE DIAMETER= 16.4 MICRONS
AYVERAGE MASS = 1.85 *10%%-§ GRAMS
AVERAGE DIAMETER MASS=  19.8 MICRONS
CENTIRE EARTH INFLUX= 7138.9 METRIC TCONS /YEAR
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LOCATION ICE TYPE SAMPLE LENGTH
NUMBER - METERS

T~3 GLACIAL ICE - 35D 1.0

SIZE SPHERULE PERCEINTAGE CUMULATIVE CUMULATIVE

INTERVAL NUMBERS PERCENTAGE NUMBER OF
{MICRONS) SPHERULES

S 4 21.1 21.1 19

1¢ 6 31.56 52.6 15

15 % 2i.1 73.7 9

20 1 5.3 78.9 5

25 1 5.3 84.2 4

30 O 0.0 84.2 3

35 1 5.3 89.5 3

40 1 5.3 4.7 2

45 G 0.0 4.7 1

50 0 0.0 94 .7 1

55 0 0.0 94 .7 1

60 ¥ 6.0 94.7 1

65 1 5.3 100.0 1
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LOCATION ICZ TYPE SAMPLE LENGTH
NUMBER METERS
-3 GLAC IAL ICE 350 1.0
CUMULATIVE NUMBER MASS CALCULATICNS
OF SPHERULES VOL UME MASS CUMULATIVE
PER SQUARE METER {CUBIC (GRAMS) MASS
PER SECOND CENTIMETERS) {GRAMS)
1 0%=— 4 ®] OF=x— ®]QO0=%x-~8 ®]10%x%¥E-8
1.63 0.03 0.12 100.60
1.29 0.31 1.42 100.48
0.77 ’ 0.70 3.19 99.06
0.43 0ub? 1.89 95.86
0.34 0.81 3.70 93,97
0.26 0.0 0.0 90.27
0.26 . 2.23 10.15 90.27
0.17 3.34 15.14 80.13
6.09 0.0 0.0 64.98
0.09 0.0 0.0 64.98
0.09 0.0 0.0 654.98
0.09 0.0 0.0 64.98
0.09 14.31 64.98 64.98
AVERAGE DIAMETER= 17.1 MICRGNS
AVERAGE MASS = : 5.29 ®L0%*-8 GRAMS

- AVERAGE DIAMETER MASS= 28.2 MICRONS
ENTIRZ EARTH IMFLUX= 13889.8 METRIC TONS /YEAR
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LOCATION ICE TYPE SAMPLE LENGTH
NUMBER METERS
-3 GLACIAL ICE 35& 1.0

SIZ& SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL NUMBERS PERCENTAGE NUMBER OF
(MICRONS) SPHERULES

5 5 28.6 28.6 21

10 6 28.6 57.1 15

15 0 0.0 57.1 9

20 i 4.8 61.9 9

25 3 14.3 76,2 8

30 1 4.8 8L.0 5

35 1 4.8 85.7 4

40 2 9.5 95.2 3

45 0 0.0 95.2 1

50 0 0.0 95.2 1

55 1 4.8 100.0 1
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LOCATION ICZ TYPE SAMPLE LENGTH
NUMBER METERS
T-3 GLACIAL ICe 35F 1.6
CUMULATIVE NUMBER MASS CALCULATICNS
O0F SPHERULES VOLUME MASS CUMULATIVE
PER SQUAREZT METER {CUBIC [GRAMS) MASS
PER SECOND CENTIMETERS) {GRAMS)
#]10%%—4 *10%*k~ ®1 Q¥*x-3 *10%*—§
1.80C 0.04 0.18 100.77
1.29 0.31 1.42 100.60
0.77 T C.0 0.0 99.18
0.77 0.42 1.89 99.18
0.69 2444 11.09 97.28
0.43 .41 6.39 86.19
0.34 2.23 10.15 79.80
0.26 6.67 30.29 69.66
G.09 C.0 0.0 39.37
Q.09 .0 0.0 39.37
0.09 - 8.67 39.37 39.37
AVERAGE DIAMETER= 18.3 MICRONS
AVERAGE MASS = 4.80 *10**%*~-3 GRAMS
AVERAGE DIAMETER MASS= 27.3 MICRONS

ENTIRE EARTH INFLUX= 13914.3 METRIC TCNS /YEAR
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LOCATISN ICE TYRZ SAMPLE LENGTH
NUMBER . METERS
T-3 GLAC IAL ICE 35F 1.0

SIZE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL NUMBERS PERCENTAGE NUMBER OF
{MICRONS) SPHERULES

5 5 18.5 18.5 x4

10 5 18.5 37.0 22

15 4 14.8 51.9 17

20 3 11.1 63.0 13

25 8 29.06 92.56 10

30 2 1.4 100.0 2
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LOCATION 1ICg TYPE SAMPLE LENGTH
NUMBER - MZTERS
T-3 GLACTIAL 1ICE 35F 1.0
CUMULATIVE NUMBER MASS CALCULATICNS
GF SPHERULES VOLUME MASS CUMULATIVE
PER SQUARE METER {CuBIC {GRAMS) MASS
PER SECOND CENTIMETERS) {GRAMS)
®]0%Rx—4 ' =] 0%%k—8 *]10*x%—8 1O *x~3
2.32 0.03 C.15 52.56
1.89 0.26 i1.18 52.41
1.46 0,70 3.19 51.23
L.12 1.25 5.68 48,03
0.86 6.51 29.58 42.35
O0.17 2 .81 12.78 12.78
AVERAGE DIAMETER= 16.9 MICRENS
AVERAGE MASS = 1.95 *1Q0%%-8 GRAMS
AVEIRAGE DIAMETER MASS= 20.2 MICRONS

ENTIRE EARTH INFLUX= T257.3 METRIC TCONS /YEAR




109

LOCATION ICE TYPE SAMPLE LENGTH
NUMBER - METERS
-2 GLAC IAL ICE 35G 1.0

SIzE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL NUMBERS PERCENTAGE NUMBER OF
{MICRCNS) SPHERULES

5 % 18.2 18.2 22

10 8 3644 54.5 18

15 4 18.2 727 10

20 3 13.6 8&.4 6

25 2 9.1 95.5 3

30 0 0.0 95.5 i

35 1 4.5 100.0 1
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LOCATION ICE Typs SAMPLE  LENGTH
NUMBER METERS
T-3 GLAC JAL ICE 356G 1.0
CUMULATIVE NUMBER MASS CALCULATICNS
OF SPHERULZES VOLUME MASS CUMULATIVE
PER SRUARE METER {cusic {GRAMS) MASS
PER SECOND CENTIMETERS) {GRAMS)
¥ ] O%%— 4 *10*:.’:»«8 2] Qkck—5 R1(QFx—
1.89 ‘ © 0.03 0.12 28.42
1.55 ‘ 0.42 1.89 28.31
0.86 C. 70 3.19 26.41
0.52 1.25 5.68 23.22
0.256 , 1.63 7.39 17.54
0.09 0.0 0.0 10.15
0.09 2.23 10.15 10.15
AVERAGE DIAMETER= 13.9 MICRONS
AVERAGE MASS = 1.29 #10%%-8 GRAMS
AVERAGE DIAMETER MASS= 17.6 MICRONS

ENTIRE FARTH INFLUX= 3924.8 METRIC TONS /YEAR
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LOCATION [CE Tvype SAMPLE
NUMSER
T-3 GLACIAL ICE 354
Size SPHERLLE PERCENTAGE CUMULATIVE
INTERVAL NUMBERS
{MICRONS)
5 5 1641 16.1
10 12 38,7 54.8
15 5 16.1 71.0
20 2 5.5 77.4
25 4 12.9 90.3
30 0 0.0 90.2
35 1 3.2 93,5
40 2 6.5 100.0

CUMULATIVE

PERCENTAGE NUMBER QOF

SPHERULES
31
26
14

MNoW W~ WO
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LOCATIGN ICE TYPE SAMPLE LENGTH
NUMBER - METERS
-3 GLAC AL ICE 35H 1.0
CUMULATIVE NUMBER MASS CALCULATICNS
OF SPHERULES VOLUME MASS CUMULATIVE
DER SQUARE METER {(CusicC {GRAMS) MASS
PER SECOND CENTIMETERS) {GRAMS)
kR 1L0%*F— ®1 O%x— ] O%kx—53 ®] 0 Fk~?
2.66 0.03 0.15 65.99
2.23 C.63 2.84 65.84
1.20 0. 88 3.99 63.00
0.77 0.83 3.79 59,01
0.60 3.26 14.79 55,22
G.26 0.0 0.0 40.43
0.26 2.23 10.15 40.43
0.17 6.67 30.29 30.29
AVERAGE DIAMETER= 15.3 MICRGNS
AVERAGE MASS = 2.13 *10%%-8 GRAMS
AVERAGE DIAMETER MASS= 20.8 MICRONS
ENTIRE EARTH INFLUX= $111.5 METRIC TCNS /YEAR
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LOCATION ICE TYPE SAMPLE LENGTH
NUMBER . METERS
-3 GLac iaL ICE 35 - 8.0
SIZt SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE
INTERVAL NUMBERS PERCENTAGE NUMBER OF
(M ICRONS) SPHERULES

5 32 16.0 16.0 200
10 67 33.5 49.5 168
15 27 13.5 63.0 101
20 19 9.5 2.5 74
25 25 12.5 85.0 55
30 9 L4a5 89.5 30
35 11 5.5 95.0 21
40 7 3.5 98.5 10
45 0 0.0 98.5 3
50 ¢ 0.0 F8.5 3
55 1 0.5 99.0 3
50 O 0.0 99.0 2
65 1 0.5 99.5 2
10 e 0.0 99,5 1
75 1 G.5 100.0 1
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LGCATICN ICE TYPE SAMPLE LENGTH
NUMBER METERS
-3 GLACIAL ICE 35 8.0
CUMULATIVE MUMBER MASS CALCULATICNS
OF SPHERULES VL UME MASS CUMULATIVE
PER SQUARE METER (CuBIC (GRAMS) MASS
PER SECOND CENTIMETERS) {GRAMS)
1 0%k~ 4 ®10%%k~8 *10%%~-8 210%*%-8
2.16 0.21 0.95 546 .04
1.81 3.49 15.85 645.10
1.09 4.75 21.56 629,24
0.80 : 7.92 35.97 - 607.68
0.59 20.38 92.43 571.71
0.32 12.67 57.50 479.28
0.23 . 24.58 111.60 421.78
0.11 ; 23.35 106.01 310.19
0.03 0.0 0.0 204.18
0.03 0.0 0.0 204.18
0.03 B.67 39.37 204.183
0.02 0.0 0.0 164.81
0.02 14.31 64.93 164.31
0.01 0.0 G.0 9G.83
0.01 2i.99 99. 83 95.83
AVERAGE DIAMETER= : 16.8 MICRONS
AVERAGE MASS = 3.23 ¥10%%-8 GRAMS
AVERAGE DIAMETER MASS= 23.9 MICRONS

ENTIRE EZARTH INFLUX= 11202.3 METRIC TONS /YEAR
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LOCATION IC:z TYPE SAMPLE LENGTH
E NUMBER - METERS
T-3 GLACIAL ICE 37A 1.0

SIZE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL MNUMBERS PERCENTAGE NUMBER OF
{MICRONS) SPHERULES

5 3 10.3 10.3 29

1C 5 20.7 31.90 26

15 4 13.8 44 .8 20

20 5 17.2 62.1 15

25 4 13.8 75.9 11

30 1 3.4 79.3 7

35 1 3.4 82.8 6

40 2 5.9 83.7 5

45 0 0.0 89.7 3

50 Q 0.0 839.7 3

55 1 3.4 53.1 3

&0 0 0.0 93.1 2

&5 1 3.4 96.6 2

70 8] 0.0 956.6 1

75 0 .0 96.56 1

89 1 3.4 100.0 1
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LQCATICN ICE TYPE SAMPLE LENGTH
NUMBER - Mz TERS
-3 GLAC [AL ICE 37A 1.0
"CUMULATIVE MUMBER MASS CALCULATIGONS
OF SPHERULES VOLUME MASS CUMULATIVE
PFER SQUARE METER {CusiIcC {GRAMS) MAS S
PEZR SECOND CENTIMETERS) {GRAMS)
FIOFE—4 1 0%*—1 *10%x~8 10 kx—f
2.49 C.02 0.09 301.28
2.23 0.31 1.42 301.19
1.72 0.70 3.19 299.77
1.38 2.08 9.46 296.58
4 0.95 3.26 14.79 287.11
. 0.60 1.41 6.39 272.33
3 0.52 2.23 10.15 265.94
. 0.43 6.67 30.29 255.79
3 0.26 0.0 0.0 225.50
0.26 0.0 0.0 225.50
0.26 B.67 39.37 225.50
0.17 0.0 0.0 186.13
0.17 14.31 64.98 186.13
0.09 0.0 0.0 121.15
0.09 0.0 0.0 121.15
0.09 26.69 121.15 121.15
3 AVERAGE DIAMETER= 23.4 MICRONS
s AVERAGE MASS = 10.39 *10**—8 GRAMS
E AVERAGE DIAMETER MASS= 35.3  MICRONS

ENTIRe EARTH INFLUX= 41600.0 METRIC TONS /YEAR
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LOCATION ICE TYPE SAMDLE LENGTH
MUMBER METERS
T-3 GLACTAL ICE 378 1.0

SIZE SPHEIULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL MUMBERS - PERCENTAGE NUMBER OF
{(MICRONS) SPHERULES

5 5 18.5 18.5 27

10 2 1.4 25,9 22

i5 6 22.2 48.1 20

20 5 18.5 66.7 14

25 3 0.0 66.7 9

30 5 22.2 88.9 9

35 0 .0 88.9 3

40 4] 0.0 83.9 3

45 a G.0 83.9 3

50 1 3.7 32.56 3

55 0 0.0 2.6 2

60 3 3.7 96.3 2

65 1 3.7 100.0 1




LOCATICN

-3

CUMULATIV

OF SPHERULES

PER SQUAR
PER SECLCN

%1 0%k~

2.32
1.89
1.72
1.20
0.77
0.77
0.26
.26
Q.28
0.26
0.17
0.17
0.09

AV ERAGE
AVERAGE
AV ERAGE
ENTIRE

ICE TYPE SAMPLE LENGTH
NUMBER METERS
GLACTIAL ICE 378 1.0
E MUMBER MASS CALCULATICNS
VOLUME MASS CUMULAT IVE
£ METER (cusic {GRAMS) MASS
b CENTIMEZTERS) {GRAMS )
% *]0%%k~—3 1 0%%—8 F10**-8
0,03 C.15 198.38
0.10 0.47 198.74
1.06 4.79 198.26
2.08 9.46 193.47
0.0 0.0 184.01
8.4% 38.33 184.01
0.0 0.0 145.67
0.0 0.0 145.67
0.0 0.0 145.567
6.51 29.58 145.67
0.0 0.0 116.09
11.26 51.11 116.09
14.31 64.98 64,98
DIAMETER= 21.9 MICRONS
MASS = T.37 *10%%~— GRAMS
DIAMETER MASS= 31.5 MICRONS
EARTH INFLUX= 27461.1 METRIC TONS /YEAR
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LOCATION ICZ TYPE SAMPLE LENGTH
NUMBER METERS
-3 GLaCIat 1ICE 37C 1.0

SIZg SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERYAL NUMBERS PERCENTAGE NUMBER OF
(MICRCNS) SPHERULES
5 2 7.7 7.7 24
i0 2 7.7 15.4 24
15 3 11.5 26.9 22
20 4 15.4 42.3 19
25 8 30.8 73.1 15
30 1 3.8 76.9 7
35 3 11.5 . 88.5 6
40 1 3.8 92.3 3
45 0 0.0 2.3 2
50 0 0.0 92.3 2
55 0 0.0 2.3 2
&0 o} 0.0 92.3 2
&5 0. 0.0 52.3 2
70 1 3.8 96.2 2
75 0 0.0 96.2 1
80 0 0.0 95.2 1
85 0 .0 96,2 i
30 0 0.0 9642 1
g5 1 3.8 100.0 1
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LOCATION ICE TYPE SAMPLE LENGTH
NUMBER METERS
T3 GLAC 1AL ICE 37¢C 1.0
- CUMULATIVE NUMBER MASS CALCULATIONS
4 OF SPHEZULES : VOL UME MASS CUMULATIVE
1 PER SQUARE METER {CURIC (GRAMS) MAS S
3 PER SECOND CENTIMETERS) {GRAMS)
E: ®KIOHRk— 4 ®}](O=x~—B *]1 Q% %-3 10 %%-3
2.23 0.01 0.06 376.08
2.06 0.10 0.47 3756.03
1.89 0.53 2.40 375.55
1.563 1.67 7.57 373.16
1.29 6.51 29.58 365.58
0.60 1.41 6.39 335.01
0.52 . 6.70 30.44 329.62
0.26 3.34 15.14 299.18
0.17 0.0 0.0 284.04
0.17 0.0 0.0 284.04
0.17 0.0 0.0 284.04%
. 0.17 0.0 0.0 284.04
0.17 0.0 0.0 284.04
0.17 17.88 8l.16 284.04
0.09 0.0 0.0 202.88
0.09 0.0 0.0 202.88
.09 0.0 0.0 202.88
0.09 0.0 c.0 202.88
, 0.09 44,59  202.88 202.88
AVERAGE DIAMETER= 26.7 MICRONS
AVERAGE MASS = 14.46 *10%%-8 GRAMS
AVERAGE DIAMETER MASS=  3G6.4 MICRCNS

ENTIRE EARTH INFLUX= 51928.5 METRIC TONS /YEAR
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LOCATION ICE TYPE SAMPLE LENGTH
NUMBER METERS
-3 GLACTIAL ICk 37D 1.0

SIZE  SPHERULE PERCENTAGE CUMULATIYVE CUMULATIVE

INTERVAL NUMBERS PERCENTAGE NUMBER OF
{MICRONS) : SPHERULES

5 3 17.5 17.86 17

10 4 23.5 41.2 14

i5 0 0.0 41.2 10

20 3 17.6 58.8 10

25 4 23.5 82.4 7

30 1 5.9 88.2 3

35 1 5.9 S4 .1 2

40 0 0.0 94.1 1

45 O 0.0 9441 1

S0 1 5.9 100.0 1
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LOCATION ICE TYPE SAMPLE LEMGTH
NUMBER METERS
-3 GLAC IAL ICE 370 1.0
"CUMULATIVE NUM3ER MASS CALCULATICNS
OF SPHERULES , VOLUME MASS CUMULATIVE
PER SQUARE METER (CusIc (GRAMS) MASS
PER SECOND CENTIMETERS) {GRAMS)
] D& 4 21 0OxRF~3 *10%%-8 w1 OFE~{
1.46 0.02 0. 09 67.62
1.20 0.21 0.95 67.53
0.86 0.0 0.0 6£6.58
0.86 1.25 5.68 66.58
N 0.60 3.26 14,79 60.90
' 0.26 1.41 6.39 46.11
0.17 2.23 10.15 39,72
0.C9 0.0 0.6 29.58
0.09 0.0 0.0 29.58
0.09 6.51 29.58 29.58
AVERAGE DIAMETER= 19.4 MICRONS
AVERAGE MASS = 3.98 *10%%-8 GRAMS
AVERAGE DIAMETER MASS= 25.6 MICRONS

ENTIRE EARTH INFLUX= 9336.1 METRIC TONS /YEAR
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LOCATION ICE TYPE SAMPLE LENGTH
MUMBER METERS
T3 GLACIAL ICE 37k 1.0

SIZE SPHERULE PEZRCENTAGE CUMULATIVE CUMULATIVE

INTERVAL NUMBERS PERCENTAGE NUMBER OF
{MICRONS) SPHERULES

5 0 0.0 0.0 24

10 5 20.8 20.8 24

15 4 16.7 37.5 19

20 A 16.7 54.2 15

25 4 16.7 70.8 11

30 2 8.3 79.2 7

35 1 4.2 83.3 5

40 1 4.2 87.5 4

45 2 8.3 95.8 3

50 1 4.2 100.0 1




CCATION ICt=

-3

CUMULATIVE
OF SPHERULES

TYPE

NUMBER

PER SJUARE METER

PER SECOND

%] 0%%— 4

2.06
1.563
1.29
0.95
0.60
Q.43
0.34
0.26
0.09

AVERAGE DIAMETER=

AVERAGE MASS =

AVERAGE

ENTIRE EARTH INFLUX=

GLACIAL ICE

OTAMETER MASS=

124

SAMPLE
NUMBER
37¢&

LENGTH
METERS

1'0

MASS CALCULATICNS

VOLUME MASS CUMULATIVE
{cuB1c (GRAMS) MASS
CENTIMETERS) {GRAMS)
*10%x-8 1 O*x%~8 *1(Q%*%—8
0.0 0.0 137.51
0.25 1.18 137.51
.70 3.19 136.33
l.67 T.57 133.13
3.256 14.79 125.56
2.81 12.78 110.77
2.23 1C.15 97.99
3.34 15.14 87.85
9.50 43,12 T2.70
6.51 29.58 29.58
23.5 MICRONS
5.73 ®=10%%x~8 (GRAMS
28.9 MICRONS
189846, 7 METRIC TCONS /YEAR
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LOCATION ICE TYPE . SAMPLE LENGTH
NUMBER METERS
T-3 GrLaCciar ICE 37F 1.9

i

SIzE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

|

INTERVAL NUMBERS PERCENTAGE NUMBER OF
{MICRONS) SPHERULES

5 0 0.0 0.0 23

10 5 21.7 21.7 23

15 3 13.0 34.8 18

25 2 8.7 43.5 15

25 4 17.4 60.9 i3

39 5 21.7 82.6 9

35 2 8.7 91.3 4

40 1 4.3 95.7 2

45 1 4.3 100.0 1
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LOCATION ICE TYPE SAMPLE LENGTH
NUMBER -~ METERS
T-3 GLAC AL ICE 37F 1.0
CUMULATIVE NUMBER MASS CALCULATIGNS
OF SPHERULES VOLUME MASS CUMULATIVE
PER SQUARE METER (CuslIC {GRAMS) MASS
PER SECOND CENTIMETERS) (GRAMS)
F1OFEF- 4 %] O *1 0F=~-8 10 x%-8
1.98 0.0 0.0 111.10
1.98 0.26 1.18 111.10
1.55 0.53 2.40 109.91
1.29 0.83 3.79 107.52
1.12 3.26 14.79 103.73
0.77 7.04 31.94 88.94
0.34 . 4.47 20.29 57.00
0.17 3.34 15.14 36.71
0.09 ' 4.75 21.56 21.56
AVERAGE DIAMETER= 23.5 MICRONS
AVERAGE MASS = 4.83 *10#%%-8 GRAMS
AVERAGE DIAMETER MASS=  27.3 MICRGONS

ENTIRE EARTH INFLUX= 15339.7 METRIC TONS /YEAR
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LOCATION [CE TYPE SAMPLE LENGTH
. NUMBER METERS
T-3 GLAC IAL ICE 376G 1.0

SIZE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE
INTERVAL NUMBERS PERCENTAGE NUMBER OF
{MICRONS) SPHERULES

ot 0 0.0 0.0 18

10 5 27.8 27.8 18

15 2 11.1 38.9 13

20 1 5.6 44,4 11

25 3 16.7 6l.1 10

30 2 11.1 72.2 7

35 1 5.6 77.3 5

40 1 5.6 83.3 4

45 0 0.0 83.3 3

50 1 5.6 88.9 3

55 0 0.0 88.9 2

60 0 C.0 83.9 2

65 1. 5.6 94,4 2

70 1 5.6 100.0C 1
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LOCATION ICE TYPE SAMPLE TLENGTH
NUMBER METERS
T-3 GLACTIAL ICE 376G 1.0
CUMULATIVE MUMBER MASS CALCULATICNS
OF SPHERULES VOL UME MASS CUMULATIVE
PER SQUARE METER {CUBIC {GRAMS) MASS
PER SECCND CENTIMETERS) {GRAMS)
21 O P~ ®]O0xF~-8 #1 g%%—8 10 x%k-8
1.55 0.0 0.0 229.56
1.55 0.26 1.18 229.56
1.12 0.35 1.60 228.37
0.95 0.42 1.89 226.78
0.86 2 44 11.09 224.88
0.60 2.81 12.78 213.79
0.43 - 2.23 10.15 201.01
0.34 3.34 15.14 190.87
0.26 Ce0 0.0 175.72
0.26 6.51 29.58 175.72
0.17 0.0 0.0 146.15
0.17 0.0 0.0 146.15
0.17 14.3 64.98 146.15
0.09 17.88 8l.18 8l.16
AVERAGE DIAMETER= 27.5 MICRONS
AVERAGE MASS = 12.75 *%10%%-8 GRAMS
AVERAGE DIAMETER MASS= 37.8 MICRGNS

ENTIRE EARTH INFLUX= 31696.3 METRIC TONS /YEAR
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LOCATICON ICE TyoE SAMPLE LENGTH
NUMBER- METERS

T-3 GLAC IAL ICE 37H 1.0

SIZE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL NUMBERS ‘ PERCENTAGE NUMBER OF
{MICRONS) SPBHERULES
5 0 0.0 G.C S
10 2 22.2 22.2 3
15 4 44,4 6547 T
20 ) 0.0 56.7 3
23 1 1il.1 77.8 3
30 0 0.0 7.8 2
35 0 0.0 77.8 2z
: &0 1 ii.1 88.96 2
A : 45 0 0.0 838.9 1
50 0 0.0 88.9 1
55 0 0.0 88.9 1
60 o 0.0 88.9 1
65 o 0.0 88.9 1
[as, 0 0.0 88.9 1
75 0 0.0 88.9 1
8¢ 0 G.0 88.9 1
85 1 11.1 100.0 1
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LOCATION ICE TYPE SAMPLE LENGTH
NUMBER METERS
-3 GLACTIAL ICE 37H 1.0
CUMULATIVE NUMBER MASS CALCULATICNS
GF SPHERULES VOLUME MASS CUMULATIVE
PER SQUARE METER {cusic {GRAMS) MASS
PER SECOND CENTIMETERS) {GRAMS)
F* ] Ddesk ®10%*—~8 *] O%F-R F10#**%-8
0.77 0.0 0.0 167.83
0.77 0.10 0.47 167.83
0.60 0.70 3.19 167.35
0.26 0.0 0.0 164,16
0.25% 0. 81 3.70 164.16
0.17 0.0 0.0 160.46
0.17 - 0.0 0.0 160.46
0.17 3.34 15.14 160.46
0.09 0.0 0.0 145.32
.09 0.0 0.0 145.32
0.09 0.0 0.0 145.32
0.09 0.0 0.0 145,32
0.09 0.0 0.0 145,32
0.09 0.0 0.0 145.32
0.09 0.0 0.0 145.32
0.09 0.0 0.0 145.32
0.09 32.01 145.32 145,32
E AVERAGE DIAMETER= 25.6 MICRONS
E AVERAGE MASS = 18.65 *10%¥%-8 GRAMS
AVERAGE DIAMETER MASS=  42.9 MICRONS

ENTIRE EARTH INFLUX= 23172.9 WMETRIC TONS /YEAR
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LOCATION ICE TYPS SAMPLE LENGTH
NUMBER METERS
-3 GLACIAL ICE 37 8.0

SIZE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL NUMBERS PERCENTAGE NUMBER OF
(MICRONS) ~ SPHERULES

5 13 7.5 7.5 173
10 31 17.9 25.4 160
15 26 15,0 40.5 129
20 24 13.3 54.3 103
25 28 16.2 70.5 79
30 18 10.4 80.9 51
35 9 5.2 86.1 33
40 7 4.0 90.2 24
45 3 1.7 91.9 17
50 4 2.3 94.2 14
55 1 0.6 94 .8 10
60 1 0-6 95.4 9
65 3 1.7 97.1 8
79 2 1.2 98.3 5
75 0 0.0 98.3 3
80 1 0.6 98.8 3
85 1 0.6 99.4 2
90 o 0.0 99.4 1
95 1 0.5 100.0 1




132
LCCATION ICE TYPE SAMPLE LENGTH
: NUMBER METERS
T~3 GLACIAL ICE 37 8.0
CUMULATIVE MUMBER MASS CALCULATICNS
OF SPHERULES VOLUME MASS CUMULATIVE
PER SQUARE METER (Cusic {GRAMS) MASS
PER SECOND CENTIMETERS) {GRAMS )
] Q%E—4 H]0%%—8 x]0%%-3 #10%%-3
1.87 0,08 0.38 1589.85
1.73 1.62 T7.3% 1589.47
1.39 4,57 20.76 1582.13
1.11 10.01 45,43 1561.37
0.85 22.80 103.52 1515.93
0.55 25.33 115.00 1412.41
0.36 20.11 91.31 1297.41
0.26 23.35 106.01 1206.10
0.18 14.25 64.69 1100.10
0.15 25.06 118.31 1035.41
0.11 8.67 39,37 917.10
0.10 11.26 51.11 B77.73
0.09 42.94 194.95 826.62
0.05 35.75 162.32 631.67
0.03 0.0 0.0 469,34
0.03 26.69 121.15 469,34
0.02 32.01 145.32 348,19
0.01 0.0 0.0 202.88
0.01 44 .69 202.88 202.88
AVERAGE DIAMETER= 23.8 MICRCNS
AVERAGE MASS = 9.19 *10%%-8 GRAMS
AVERAGE DIAMETER MASS= 33.9 MICRCNS

ENTIRE EARTH INFLUX= 27%567.8 METRIC TONS /YEAR
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LOCATION ICE TYPE SAMPLE LENGTH
NUM3ER METERS
-3 GLAaCTIaL ICE COMPOSITE

SIZE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL NUMBERS PERCENTAGE NUMBEZR OF
{MICRONS) SPHERULES

5 200 10.7 10.7 1862

10 393 21.1 ‘31.8 1662

15 324 17.4 49,2 1269

20 293 15.7 65.0 945

25 259 13.9 78.9 652

30 132 7.1 © 86.0 3293

35 84 4,5 90.5 261

40 61 3.3 93.8 177

45 34 1.8 95.6 116

590 27 1.5 97.0 82

55 . 9 0.5 97.5 55

60 8 0.4 98.0 46

65 13 0.7 98.7 38

70 5 0.3 98.9 25

75 4 0.2 39.1 20

80 3 0.2 $9.3 16

85 5 0.3 99.6 13

90 3 0.2 39,7 8

95 1 0.1 99.8 5

100 0 0.0 99.8 4

105 0 0.0 39.8 4

110 0 0.0 99,8 4

115 o 0.0 99.8 4

120 0 0.0 99.8 4

E 125 2 0.1 99.9 4
E 130 1 0.1 - 99,9 2
3 135 0 0.0 99.9 1
E 140 0 0.0 95.9 1
= 145 0 0.0 99.9 1
150 0 0.0 99,9 1

155 0 0.0 99.9 1

160 1 0.1 100.0 1
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LOCATION ICE TYPE SAMPLE LENGTH
NUMBE R METERS
T-3 GLAC IAL ICE COMPQOSITE
CUMULATIVE NUMBER MASS CALCULATICNS
OF SPHERULES VOL UME © MASS CUMULATIVE
PER SQUARE METER {CUBIC {GRAMS) MASS
PER SECOND CENTIMETERS) {GRAMS)
F10®%x—4 =1 0%x— *¥]1Ox*x—8 =10 &k
2.53 1.30 5.92 12657.82
2.61 20.48 92.99 12651.91
2.00 56.99 258.75 12558.91
1.49 122.17 554,565 12300.17
1.03 210.92 957.59 11745.52
0.62 185.76 843.33 10787.93
0.41 187.71 852.20 9944 .61
0.28 203.48 923.78 9092 .40
0.18 161.48  733.12 8168.62
0.13 175.90C 798.61 7435.50
0.09 78.04 354,32 6636.89
0.07 90.06  408.89 6282.58
0.06 186,07 844.78 5873.70
0.04 ' 89.39  405.81 5028.92
0.03 87.95 399.30 4623.11
0.03 80.C6  363.46 4223.81
0.02 160. 04 726.59 3860.35
; 0.01 113.99 517.50 3133.77
1 0.01 44.65  202.838 2616.27
; 0.01 0.0 0.0 2413.40
0.01 0.0 0.0 2413 .40
0.01 0.0 0.0 2413,40
0.01 0.0 0.0 2413.40
0.01 0.0 0.0 2413.40
0.01 203.59 924,32 2413.40
0.090 114.51 519.86 1489.08
0.00 G.0 0.0 969.22
0.C0 0.0 0.0 969,22
0.00 0.0 0.0 969,22
0.00 0.0 0.0 969,22
0.00 0.0 0.0 969,22
0.C0 213.438 969,22 969,22
AVERAGE DIAMETER= 20.6 MICRONS
AVERAGE MASS = 6.80 *10%%-8 GRAMS
AVERAGE DIAMETER MASS= 20.6 MICRONS
ENTIRE EARTH INFLUX= 31992.7 METRIC TONS /YEAR
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LOCATION ICE TYPE SAMPLE LENGTH
NUMBER METERS
COLBY BAY S£A ICE 4 3.0

SIZE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL MNUMBERS PERCENTAGE NUMBER OF
, {MICRONS) SPHERULES

5 0 0.0 0.0 26

10 2 7.7 1.7 26

15 3 11.5 19.2 24

23 ki 26.9 46.2 21

25 K 2649 73.1 la

30 2 Ta 7 80.8 7

35 3 11.5 92.3 5

40 0 8.0 92.3 4

45 2 7.7 100.6 2
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LOCATION ICE TYPE SAMPLE LENGTH
NUMBER METERS
COLBY BaAY SEA ICE 4 3.0
CUMULATIVE NUMBER MASS CALCULATICNS
GF SPHERULECS VO LUME MASS - CUMULATIVE
PER SQUARE METER (CUBIC {GRAMS] MASS
PER SECOND CENTIMETERS) {GRAMS)
F10E%—4 ) 0%%—8 k] O%k—8 %10 k—
2.01 0.0 0.0 128.34 .
2.01 0.10 .47 128.34
1.8% 0.53 2.40 127.87
1.62 2932 13.25 125.47
1.8 5.70 25.88 112.22
0.54 2.81 12.78 86.34
0.39 65.70 30,44 73.56
0.15 0.0 0.0 43,12
0.15 9.50 43,12 43,12
AVERAGE DIAMETER= 24.4  MICRONS
AVERAGE MASS = 4,94 F]OFw— GRAMS
AVERAGE DIAMETER MASS= 27.5 MILCRONS

EMTIRE EARTH INFLUX= 15948.86 METRIC TONS /YEAR
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LOCATICN ICE TyPz SAMPLE LENGTH
MUMBER METERS
CoLBY BAY SEA IC: 8 3.0

SIZc SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL MUMSERS PERCENTAGE NUMBER OF
{MICRONSY SPHERULES

5 3 3.8 3.8 208

10 24 11.5 15.4 2040

15 49 23.06 38.9 176

20 58 27.9 6648 127

25 42 20.2 87.0 69

30 16 7.7 94.7 27

35 6 2.9 97:6 11

40 4 1.9 99.5 5

45 1 0.5 100.0 1
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LOCATION ICE TYPE SAMPLE LENGTH
NUMBER ME TERS
COLBY BAY SEA ICE 8 3.0
CUMULATIVE NUMBER MASS CALCULATICNS
OF SPHERULES VOLUME MASS CUMULAT IVE
PER SQUARE METER {(Cusic (GRAMS) MASS
PER SECOND CENTIMETERS) {GRAMS )
F10%%-4 *]10%%—8 X10%%-8  *10%%-8
16.09 0.05 0.24 555.36
15.47 1.25 5.68 555.12
13.61 8.62 39.13 549,44
9.82 24.18  109.79 510.31
5.34 34.20 155.28 400.52
2.09 22.52 102.22 245.23
0.85 13.41 60.87 143.01
0.39 13.34 60.58 82.14
0.08 4,75 21.56 21.5%
AVERAGE DIAMETER= 19.8 MICRONS
AVERAGE MASS = 2.67 *#10%%~3 GRAMS
AVERAGE DIAMETER MASS=  22.4 MICRONS

ENTIRE EARTH INFLUX= 69013.8 METRIC TONS /YEAR
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LOCATION ICE TyPE SAMPLE LENGTH
NUMBER METERS
CoL3yY BAY SEA ICE 11 3.0

SIZE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL NUMI3ERS PERCENTAGE NUMBER OF
{MICRONS] ' SPHERULES

5 0 0.0 0.0 21

10 1 4.8 4.8 21

15 9 42.9 47.6 20

20 1 4.3 52.4 11

25 5 23.8 16.2 10

30 4 19.0 95.2 5

35 0 0.0 95.2 1

40 1 4.8 100.0 1




140

LOCATIGN ICE Typ: SAMPLE LENGTH
NUMBER METERS
COLBY BAY SEA ICE 11 3.0
CUMULATIVE NUMBER MASS CALCULATICNS
OF SPHERULES VOL UME MASS CUMULATIVE
PER SQUARE METER {CuBiIC (GRAMS) MASS
PER SECOND CENTIMETERS) {(GRAMS )
2] 0%k 4 2] O%x—8 *¥1 O%%-8 B A R -
1.62 o 0.0 0.0 68.50
1.62 ’ 0.05 0.24 68.50
1.55 1.58 7.19 68.27
0.85 0.42 1.39 61.08
0.77 4,07 18.49 56.19
0.39 5.63 25.56 40,70
G.08 0.0 0.0 15.14
0.08 3.34 15.14 15.14
AVERAGE DIAMETER= 2l1.4 MICRONS
AVERAGE MASS = 3.26 *10%%-8 GRAMS
AVERAGE DIAMETER MASS= 24.0 MICRONS

ENTIRE EARTH INFLUX= 85i2.8 METRIC TONS /YEAR
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OCATIOM ICE TYPE SAMPLE LENGTH
NUMBER ME TERS
CoUBY 84y SEA ICE 12 3.0

SIZE  SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE
INTERVAL MNMUMBERS PERCENTAGE NUMBER OF
(MICRONS) SPHERULES

5 3 9.4 9.4 32

10 2 6.3 15.56 29

i5 8 25.0 40.6 27

20 3 9.4 50.0 19

25 & 18.8 653.8 16

30 3 9.4 78.1 10

35 0 0.0 78.1 7

40 0 0.0 78.1 7

45 1 3.1 81.3 7

50 2 6.3 87.5 6

55 2 6.3 93.8 4

60 i 3.1 96,9 2

65 0 0.0 96.9 1

70 0 0.0 96.9 1

75 1 3.1 100.0 1
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LOCATION ICE TYPE SAMPLE LENGTH
NUMBER METERS
COLBRY BAY SEA ICE 12 3.0
CUMULATIVE NUMBER MASS CALCULATIONS
OF SPHERULES VO L UME MASS CUMULATIVE
PER SQUARE METER {CUBIC {GRAMS) MASS
PER SECOND CENTIMETERS) {GRAMS)
F10%%k— 4 o X10%%—5 *] O%k~8 F10%x-5
2.48 0.02 0.09 364,37
2.24 0.10 0.47 364.28
2.09 1.41 6.39 363.81
1.47 1.25 5.68 35742
1.24 4,89 22.18 351.74
0.77 4,22 19.17 329.56
0.54 0.0 0.0 310.39
0.5% ' 0.0 0.¢ 310.39
0.54% 4,75 21.5 310.39
0.46 13.03 59.16 288.83
0.31 17.34 78.74% 229.67
0.15 11.25% 51.11 150.94
0.08 0.0 0.0 99,83
0.08 0.0 0.0 99.83
0.08 21.99 99.83 99.83
AVERAGE DIAMETER= 26.4 MICRCNS
AVERAGE MASS = 11.39 =] Q%x%— GRAMS
AVERAGE DIAMETER MASS= 36.4 MICRONS

ENTIRE EARTH INFLUX= 45280.1 METRIC TONS /YEAR
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LCCATION ICE TyPE SAMPLE  LENGTH
NUMBER METERS

COLBY 3AY S£A ICE 14 3.0

SIZE  SPHERULE PERCEMTAGE CUMULATIVE CUMULATIvVE

INTERVAL NUMRERS PERCENTAGEZ NUMAER QOFf
{(MICRONS) SPHERULES
5 1 5.9 5.9 17
15 c 0.0 5.9 i6
15 6 35.3 4la2 16
24 7 il.2 82.4 10
25 3 17.6 100.0 3
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LOCATICON ICZ TYPE SAMPLE LENGTH
NUMBER MZTERS
COLBY BAY SEA ICE 14 3.0
CUMULATIVZ NUMBER MASS CALCULATICNS
OF SPHERULES VOULUME MASS CUMULATIVE
PER SQUARE METER (CuUBiIC {GRAMS) MASS
PER SECOND CENTIMETERS) {GRAMS )
¥ 10%%~ 4 *]0%%—8§ *]10%%-8 10 %%-5
1.48 0.01 0.G3 22,16
1.39 0.0 0.0 29.13
1.39 1.06 4.79 29,13
0.87 2.92 13.25 24,34
- 0.26 2.44 11.09 11.09
AVERAGE DIAMETER= 18.2 MICRCNS
AVERAGE MASS = 1.72 #10#%%—-8 GRAMS

AVERAGE DIAMETER MASS= 19.4 MICRONS
ENTIRE EARTH INFLUX= 4077.2 METRIC TONS /YEAR
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LOCATICN ICE TYP= SAMPLE LENGTH
NUMBER METERS

COLBY BAY SEA ICE 21 3.0

SIZE SPHERULE PERCENTAGE CUMULAYIVE CUMULATIVE

INTZRVAL NUM3ERS PERCENTAGE NUMBER OF
{MICRONS) SPHERULES

5 2 3.8 3.8 52

10 4 1.7 11.5 50

15 & 11.5 23.1 46

20 15 28.8 51.9 40

25 3 17.3 6%.2 25

30 5 G.6 78.8 16

35 6 11.5 904 11

40 2 3.8 34.2 5

) 0 0.0 94.2 3

50 1 1.9 96.2 3

55 1 1.9 98.1 2

&0 1 1.6 1606.90 1
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LOCATION ICE TYPE SAMPLE LENGTH
NUMBER METERS
COLBY B8AY SEA ICE 21 3.0
CUMULATIVE NUMBER MASS CALCULATICNS
OF SPHERULES VOLUME MASS CUMULATIVE
PER SQUARE METER (Cusic {GRAMS) MAS S
PER SECCND CENTIMETERS) {GRAMS)
K1JEx— 4 1 0%%—8 *1Q*x%—8 #1O%%-8
4.02 0.01 0. 06 310.63
3.87 0.21 0.95 310.57
3.55h8 1.08 4.79 309.562
3.09 5.25 28.39 304.33
1.93 7.33 33.28 276 .44
1.24 7.04 3L.94 243.16
0.85 13.41 6Q.87 211.22
0.39 6.567 30.29 150.35
0.23 0.0 0.0 120.06
0.23 6.51 29.58 120.06
0.15 8.67 39,37 30.48
0.08 11.26 51.11 5i.11
AVERAGE DIAMETER= 24.4  MICRONS
AVERAGE MASS = 5.97 *10%%~-8 (SRAMS
AVERAGE DIAMETER MASS= 29.3 MICRONS

ENTIRE EARTH INFLUX= 38601.5 METRIC TONS /YEAR
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LOCATICN ICE TYPE SAMPLE LENGTH
NUMBER METERS
CouLby BAaY SzA ICE 23 3.0

SIZz SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL MNUMBERS PERCENTAGZ NUMBER OF
{MICRONS) SPHERULES

5 3 13.6 13.6 22

10 3 13.56 27.3 19

15 0 0.0 27.3 16

20 2 9.1 386.4 16

25 & 18.2 54,5 14

39 A 18.2 72.7 10

35 o 0.0 72.7 6

490 0 0.0 72.7 6

45 i 4.5 77.3 6

50 1 4.5 81.8 5

55 0 0.0 81.8 4

60 0 0.0 81.8 4

65 2 9.1 90.9 4

70 0 0.0 90.9 2

75 2 9.1 100.0 2
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LOCATION ICE TYPE SAMPLE

L=NGTH
NUMBER Mz TERS
CoLgy BAY SE4 ICE 23 3.0
CUMULATIVE NUMBER MASS CALCULATICNS
GOF SPHERULES VOLUME MASS CUMULATIVE
PEZR SQUARS METER {CUsIC {GRAMS) MASS
PER SECOMD CENTIMETERS) {GRAMS)
1 0% F-4 F10%%—~8 ] O0x%-3 F10%*—-5§
1.70 0.02 0.09 425,569
1.47 0.16 0.71 425.60
1.24 0.0 0.0 424,89
l.24 0.83 3.79 424489
1.08 3.256 14.79 421.10
0.77 5.463 25.56 406.31
0,456 G.0 0.0 380.76
0.46 0.0 0.0 380.76
0.46 4.75 21.586 380.76
0.39 6.51 259.58 35%.20
0.31 0.0 0.0 329.62
0.31 3.0 0.0 329.62
0.321 28.63 129.97 329.562
0.15 0.0 0.0 199.65
0.15 43.93 199,65 199.65
AVERAGE DIAMETER= 3C.9 MICRCNS
AVERAGE MASS = 19.35 *10*=-8 GRAMS
AVERAGE DIAMEZTER MASS= 43,4 MICRECNS

ENTIRE EARTH INFLUX= 52899.7 METRIC TONS /YEAR
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LOCATION ICE TyPE SAMPLE LENGTH
NUMBZ R METERS
PACK ICE  SEA ICE 25 3.0
SIZE  SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE
INTERVAL NUMBERS PERCENTAGE NUMBER OF
{MICRONS) SPHERULES

5 2 2.7 2.7 T4

10 2 2.7 5.4 72

15 14 18.9 24.3 70

20 13 17.6 41.9 56

25 19 25.7 67.6 43

30 9 12.2 79.7 24

35 3 4.1 83.8 15

40 5 6.8 90.5 12

45 5 6.8 97.3 7

50 o 0.0 97.3 2

55 0 0.0 97.3 2

60 0 0.0 97.3 2

65 0 0.0 97.3 2

70 1 1.4 98.6 2

75 1 L.4 100.0 1
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SAMPLE

LOCATICN ICE Typ= LENGTH
NUMBER METERS
PACK ICk SEA LE 25 3.0
CUMULATIVE NUMBER MASS CALCULATICNS
OF SPHERULES VOLUME MASS CUMULATIVE
PER SQUARE METER (CusiIcC {GRAMS) MASS
PER SECOND CENTIMETERS) (GRAMS)
F10F%—4 21 (O%x—78 %] 0=%-38 %10 %%k
6.87 0.01 0. 06 559.02
£.68 0.10 0.47 558.97
6.50 2445 11.18 558.49
5.20 5.42 24.561 547.31
3.99 15.47 70.25 522.70
2.23 12.67 57.50 452 .46
1.39 6.70 30.4% 394.96
1.11 16,68 75.72 364.52
J.65 23.75 107.81 288.80
.19 0.0 0.0 180.99
0.19 0.0 0.0 180.99
0.19 0.0 8.0 180.99
G.19 0.0 0,0 180.99
0.19 - 17.88 8l.16 180.99
0.09 21.5¢% 99.83 99.83
AVERAGE DIAMETER= 25.9 MICRINS
AVERAGE MASS = 7.55 *10%+-8 GRAMS
AVERAGE DIAMETER MASS= 31.T7 MICRCNS
ENTIRE EARTH INFLUX= 83363.4

METRIC TONS /YEAR
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LOCATION ICE TYPE SAMPLE LENGTH
NUMBER- METERS
CoL3Y BAY SEA ICE 25 2.0

SIizZe SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL MUMBERS PERCENTAGE NUMBER OF
(MICRONS) SPHERULES

5 5 8.1 8.1 62

10 5 8.1 16.1 57

15 8 12.9 29.0 52

20 15 24.2 53.2 44

25 13 21.0 T4.2 29

30 8 12.9 87.1 16

35 1 1.6 88.7 8

4Q 3 4.8 93.5 7

45 1 1.6 95.2 4

590 1 1.6 96.8 3

55 1 1.6 98,4 2

60 0 0.0 98.4 1

65 0 0.0 98.4 1

70 0 0.0 98. 1

75 0 0.0 98.4 1

80 1 1.6 100.0 1
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LGCATION ICE TYPE SAMPLE LENGTH
NUMBER Mz TERS
CoLB3Y BAY SEA ICE 25 2.0
CUMULATIVE NUMBER MasS CALCULATICNS
0F SPHERULES VOLUME MASS CUMULAT IVE
PER SQUARE METER {cusic {GRAMS) MASS
PER SECOND CENTIMETERS) ‘ {GRAMS }
®] Omx~—4 XLCF*~8 X1 0%%~8 F1 0 %*x~-8
7.19 0.03 0.15 402.53
6.61 0.26 1.18 402.38
6.032 l1.41 6.39 401.20
5.11 65425 28.39 394,81
3.36 10.59 48.06 366.41
1.86 11.26 51.11 318.35
0.93 2.23 10.15 26T.24%4
0.81 10.01 45.43 257.09
0.46 4,75 21.58 211.656
0.35 - 6.51 29.58 190.10
0.23 8.67 39.37 160.52
0.12 0.0 0.0 i21.15
0,12 G.0 G.0 121.15
0.12 0.0 0.0 121.15
0.12 G.0 0.0 121.15
"0.12 26.69 121.15 121.15
AVERAGE DIAMETER= 23.3 MICRONS
AVERAGE MASS = 6,49 *10%x%-8 GRAMS
AVERAGE DIAMETER MASS= 30.2 MICRONS
ENTIRE SARTH INFLUX= T75032.4 METRIC TONS /YEAR
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LOCAYICN ICE TYPE SAMPLE LENGTH
MUMBER METERS
COLBY BAY S2A ICE 304 1.0

SIZE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE
INTERVAL NUMBERS PERCENTAGE NUMBER GOF

{MICRONS) SPHERULES

5 0 0.0 0.0 29
10 2 6.9 5.9 29
15 5 17.2 24.1 27
20 4 13.8 37.9 22
25 9 31.0 6£9.0 18
30 & 20.7 89.7 9
35 2 6.9 96.56 3
40 G c.0 96.6 1
45 0 .0 96.6 1
50 1 3.4 100.0 1
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LOCATION 128 Tvyez SAMPLE LENGTH
7 NUMBER METERS
SL3Y bBAY  SEA ICE 304 1.0
CUMULATIVE NUMBER MASS CALCULATICNS
OF SPHERULES VOL UME MASS CUMULATIVE
PER SQUARE METER {(CusIC {GRAMS] MASS
PER SECOND CENTIMETERS) {GRAMS )
Z10F%— 4 1 O%kx— ®] O x~5 1w %—8
.73 0.0 G.0 133.52
e T3 0.10 0.47 . 133.52
6.27 0.83 3.99 133.04
5.1% 1.67 T«87 129.05
4.18" 7.33 33.28 i21.48
Z2.09 8.44 38.33 88.20
0.70 4,47 20.29 49.87
0.23 0.0 G.0 29.58
.23 0.0 .0 2G.58
0.23 6.51 2%.58 29,53
AVERAGE DIAMETER= 24,1 MICRCNS
AVERAGEZ MASS = 4.60 F10%*-3 GRAMS
AVERAGE DIAMETER MASS= 26.9 MICRONS

ENTIRE EARTH INFLUX= 49775.5 METRIC TONS /YEAR

[
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LOCATICN ICe TyoE SAMPLE LENGTH
NUMBER. METERS
C3L3Y BAY SEA ICE 308 1.0

SIZE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL NUMBERS PERCENTAGE NUMBER OF
{MICRTONS) SPHERULES

5 7 - 13.2 13,2 53
10 8 15.1 28.3 46
15 10 18.9 47.2 38
20 7 13.2 50.4 28
25 11 2.8 8l.1 21
30 K 13.2 94,3 10
35 i 1.9 96,2 3
40 1 1.9 98.1 2
45 0 0.0 98.1 1
50 0 G.0 3.1 1
55 0 0.0 38.1 1
60 0 0.0 98.1 1
65 0 0.0 98.1 1
70 0 0.0 98.1 1
75 0 0.0 S8.1 i
80 0 0.0 98.1 1
85 0 0.0 98.1 1
30 0 0.0 9841 1
95 0 0.0 98.1 1
160 0 0.0 98.1 1
105 0 0.0 38.1 1
110 0 0.0 "98.1 1
115 0 0.0 98.1 1
120 0 0.0 98.1 1
125 0 0.0 38.1 1
130 0 .0 S98.1 1
135 0 G.0 38.1 1
140 G 6.0 98.1 1
145 1 1.9 100.0 1
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LOCATION ICE TYPE SAMPLE LENGTH
MUMBEZR METERS
COLRBRY BAY SEA ICE 308 1.0
CCUMULATIVE MUMBER MASS CALCULATICNS
OF SPHERULES VO L UME MASS CUMULATIVE
PER SQUARE METER {CUBIC {GRAMS) MASS
PER SECOND CENTIMETERS) {GRAMS)
F1ORE—- 4 x10%%—8 #10%%-8 %1 0% %8
12.30 0.05% 0.21 855.40
10.67 0.42 1.89 855,19
8.82 1.76 7.99 853,30
6.50 2.92 13.25 845.31
4,87 8.96 40.67 832.06
2.32 9.85 44,72 791.39
0.70 2.23 10.15 T46.567
0.46 3.34 15.14 736.52
0.23 0.0 0.0 721.38
0.23 0.0 0.0 721.38
0.23 0.0 .0 721.38
0.23 0.0 0.0 721.38
0.23 0.0 0.0 721.38
0.23 0.0 0.0 721.38
0.23 0.0 0.0 721.38
0.23 0.0 0.0 721.38
0.23 0.0 0.0 721.38
3 0.23 0.0 0.0 721.38
} 0.23 0.0 0.0 721.38
? 0.23 0.0 0.0 721.38
0.23 0.0 0.0 721.38
0.23 0.0 0.0 721.38
0.23 G.0 0.0 721.38
§ 0.23 0.0 0.0 721.38
0.23 0.0 0.0 721.38
0.23 0.0 0.0 721.38
0.23 0.0 0.0 721.38
0.23 0.0 0.0 721.38
D.23 158.89 721.38 721.38
AVERAGE DIAMETERS= 20.9 MICRGNS
AV ERAGE MASS = 16.14 *10%%-8 GRAMS
é AVERAGE DIAMETER MASS= 4Ca9 MICRONS
a EMTIRE EARTH INFLUX= 318898.3 METRIC TCNS /YEAR
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CCATION ICE TYPEZ SAMPLE LENGTH
NUMBER METERS
CoLBY B8AaY SEA ICE 36C 1.0

STZE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

INTERVAL NUMBZRS PERCENTAGE NUMBZER OF
{MICRONS) SPHERULES

5 7 13.7 13.7 51

10 5 9.8 23.5 44

15 7 13.7 37.3 39

20 10 19.6 56.9 32

25 3 5.9 62.7 22

30 8 15.7 78.4 19

35 4 7.8 86,3 11

40 3 5.9 92.2 7

45 O G.0 2.2 4

50 2 3.9 96.1 4

55 1 2.0 38.0 2

60 0 0.0 98.0 1

&5 G 0.0 98.0 1

70 0 0.0 98.0 1

75 1 2.0 100.0 1
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LOCATION ICZ TYPE SAMPLE LENGTH
NUMBER METERS
CoOLBY BAY SEA ICt 30C 1.0
CUMULATIVE NUMBER MASS CALCULATICNS
Udr SPHERULES VO LUME MASS CUMULATIVE
PZR SQUARE METER (CuUB1C [GRAMS; MASS
PER SECOMD CENTIMETERS) {GRAMS)
FYI0%%~4 F10%%-3 F10O%x%-8 *10%%*-8
11.84 0.05 0.21 372.48
10.21 0.256 1.18 372.27
9.05 1.23 5.59 371.09
7.43 4.17 18.93 365.50
5.11 2.44 11.09 346,57
4.41 11.25 51.11 335.47
2455 8.94 40.53 284.36
1.62 10.01 45,43 243.78
0.93 0.0 . 0.0 198.35
0.93 13.03 59.16 198.35
0.46 8.67 39.37 139.19
0.23 0.0 0.0 99.83
0.23 .0 G, 0 99.83
0.23 0.0 0.0 99.83
0.23 21.96 99. 83 99.83
AVERAGE DIAMETER= 23.4 MICRONS
AVERAGE MASS = 7.30 *10%%—~8 GRAMS
AVERAGE DIAMETER MASS= 31.4 MICRONS
ENTIRE EARTH INFLUX= 138861.7 METRIC TONS /YEAR
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LOGCATION 1CH

COLBY BAY

SIZE
INTER VAL
{MICRIGNS)

4 5

10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
S5
1606
105
110
115
120
125
130
135
140
145

SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE
PERCENTAGE

NUMBERS

14
15
22
21
23
21
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SAMPLE
NUMBER
390

10.5
11.3
16.5
15.8
17.3
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10.5
21.8
38.3
54.1
Ti.4
87.2
2.5
95.5
95.5
97.7
98.5
98,5
98.5
98.5
9%.2
99.2
99.2
9g9.2
9.2
99.2
99.2
9G.2
99.2
59,2
899.2
99.2
99.2
96,2
100.0

LENGTH
METERS
3.0

MUMBER OF
SPHERULES

133
11g
104
82
51
38
17
10
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LOCATION ICE TYPE SAMPLE LENGTH
MUMBER METERS
COLBY BAY SEA ICE 30 3.0
CUMULATIVE MUMBER MASS CALCULATICNS
OF SPHERULES VOL UME MASS CUMULATIVE
PER SQUARE METER (cusiIc {GRAMS; MASS
PER SECOND CENTIMETERS) {GRAMS)
R10%%k—~ 4 F1(0%F%~3 1 O0%%~-8 F1OFx—
10.29 G.09 O0.4%1 1351.39
9.21 0.78 3.55 1360.98
8.04 3.87 17.57 1357.43
65.3% 8.76 39,75 1339.856
4,72 18.73 85.04 1300.10
2.54 29.55 134.17 1215,07
1.32 15.64 71.02 1080.90
0.77 13.34 60.58 1009.838
.46 0.0 0.0 949,31
0.46 16.54 88.73 949.31
0.23 8.67 35,37 B60.57
0.15 0.0 0.0 821.21
0.15 0.0 0.0 821.21
0.15 0.0 0.0 §21.21
0.15 21.96 99,83 321.21
0.08 0.0 0.0 721.38
5.08 0.0 0.0 721.38
0.08 0.0 0.0 721.38
0.08 0.0 0.0 721.38
0.08 0.0 0.0 721.38
0.08 0.0 0.0 721.38
0.08 0.0 0.0 721.38
0.08 .0 0.0 721.38
0.08 0.0 0.0 721.38
0.08 0.0 .0 721.38
0.08 0.0 0.0 721.38
0.08 2.0 0.0 721.38
0.G8 0.0 0.0 721.38
0.08 158.89 721.38 721.38
AVERAGE DIAMETER= 22.6 MICRONS
AVERAGE MASS = 10.24 *10*%—8 GRAMS
AVERAGE DIAMETER MASS= 35.1 MICROCNS

EMTIRE EARTH INFLUX= 169178.6 METRIC TONS /YEAR
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SIZE
INTERVAL
{MICRONS)

5
10
15
20
25
30
35
40
45
50

181

= TYPE: SAMPLE LENGTH
NUMBER METERS
SEA ICE 34A 1.0

SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE

NUMBERS DPERCENTAGE NUMBER OF

SPHERULES
5 25.0 25.0 20
4 20.0 45.0 15
0 0.0 45.0 11
5 25,0 70.0 : 11
1 5.0 75.0 5
1 5.0 80.0 5
2 10.0 90.0 4
0 G.0 90.0 2
1 5.0 55.0 2
1 5.0 100.0 i
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SAMPL
NUMBE
34A

g . LENGTH
R METERS
1.0

MASS CALCULATICNS

VOLUME
{CUBIC {

CENTIMETERS)

*10%%—3

13 r
G
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19.3
4. 60
26.9
31206.2

MASS
GRAMS)

*10%%~8

0,15
Q.95
0.0

F. 46
3.70
5.39
2C.29
0.0
21.56
29.58

MICRONS
%1 0%%-3

MICRONS

CUMULATIVE
MASS
(GRAMS )
#10%%-8

92.08
91.93
90.98
90.98
81.52
77.82
T T71.43
51l.14
51,14
29.58

GRAMS

METRIC TONS /YEAR
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SAMBLE LENG
NUMBER METE
343 1.G

SPHERULE PERCENTAGE CUMULATIVE

MUMBERS

1
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40.0
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48,0
48.0
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LOCATION ICE TYPE SAMPLE LENGTH
NUMBER METERS
COL8Y BAY  SZA ICE 343 1.0
i CUMULATIVE NUM3ER MASS CALCULATICNS
; OF SPHERULES YO L UME MASS CUMULATIVE
t PER SQUARE METEZER {Cusic {GRAMS) MASS
‘ PER SECOND CENTIMETERS) {GRAMS )
F10%ge— *x}(*xx%—-8 K] Q®x~5 31 %*x-8
5.27 0.07 0.30 146.09
3.16 0.05 0.24 145,79
2+95 0.18 0.80 145.55
2.74 0.0 0.0 144.76
2.74 3.26 14.79 144.76
1 1.90 5.63 25.56 129.97
i 1.05 2.23 10.15 104.41
; 0.84 0.0 0.0 G4,27
! 0.84 14.25 64.69 94.27
: D.21 6.51 29.53 29.58
%
g AVERAGE DIAMETER= 20.6 MICRONS
] AVERAGE MASS = 5.84 *10%%-8 (GRAMS

i AVERAGE DIAMETER MASS= 29,1 MICRONS
3 ENTIRE EARTH INFLUX= 49510.9 METRIC TONS /YEAR
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LOCATIGON ICE TYPE SAMPLE LENGTH
NUMBE R METERS
COLBY BAY SEA ICE 340 1.0
SIZE  SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE
INTERVAL NUMBERS PERCENTAGE NUMSER OF
{MICRONS) SPHERULES
3 5 8 15.4 15.4 52
‘ 10 3 5.8 21.2 44
15 7 13.5 34.6 41
20 9 17.3 51.9 34
| 25 9 17.3 69,2 25
- 30 4 7.7 76.9 16
, 35 3 5.8 82.7 12
40 4 7.7 50.4 9
45 3 5.3 96.2 5
50 2 3.8 100.0 2
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LOCATION ICE Type SAMPLE LENGTH
| NUMBER METERS
a COLBY BAY 583 1CE 34C 1.0
; CUMUL ATIVE NUMBER MASS CALCULATICNS
i CF SPHERULES VOLUME MASS CUMULAT IVE
e PER SQUARE “ETER (CUBIC (GRAMS) MASS
PER SECOND CENTIMETERS) (GRAMS)
] OkAE— F10%%—8 &1 0%=%-8 ¥ 0%F%-8
10.97 0.05 0.24 297.26
9.28 » 0.16 0.71 297.02
8.65 1.23 5.59 296.31
7.17 3.75 17.04 290.72
5.27 7.33 33.28 273.69
3.38 5.63 25.56 240.41
2.53 6.70  30.44 214.86
1.90 13.34  60.58 184.42
1.05 14,25 64,569 123.84
0.42 13.03 59.16 59.16
AVERAGE DIAMETER= 23.1 MICRONS
AVERAGE MASS = 5.72 *10#%-8 GRAMS
AVERAGE DIAMETER MASS=  28.9 MICRONS

ENTIRE EARTH INFLUX= 100745.8 METRIC TONS /YEAR
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! LOCATIGN ICE TYeE SAMPLE LENGTH
;!- NUMBER METERS
COLBY BAY SEA ICE 34 3.0

i
] STZE SPHERULE PERCENTAGE CUMULATIVE CUMULATIVE
1
1

INTERVAL NUMBERS PEZRCENTAGE NUMBER QF

{MICRONS) SPHERULES
! 5 23 23.7 23.7 g7
! 10 8 8.2 32.0 T4
; 15 8 8.2 4042 66
! 20 14 14,4 54.6 58
: 25 14 14,4 69.1 44
30 9 9.3 78,4 30
35 6 6.2 84.5 21
40 4 4.1 88.7 15
45 7 7.2 95.9 11
50 4 4.1 100.0 4
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LOCATION ICE TYPE SAMPLE LENGTH

NUMBER METERS
coLBY BAY seEa ICT 34 3.0
CuUMULATIVE NUMBER MASS CALQULAT{DNS
OF SPHERULES yOLUME MASS CUMULAT IVE
pER SQUARE METER (CuB 1l {GRAMS) MASS
azx SECOND , CENTIMETERS) {GRAMS}
R1ORFE- & %1 0%%—8 %1 Q%*—8 *},G**“B
5.15 0.15 0.68 535.42
5.15 Q.42 1.39 334474
4,59 1.414 6.39 532.85
4,04 5. 84 26.50 524.%0
3.06 11.40 51,76 499.96
2.09 12.67 57.50 448420
1.46 1%.41 60.87 390.70
1.04 13.34 6£0.58 329.83
0.77 33,25 150.9% 269425
0.28 26.06 118.31 118.31
AVERAGE DIAMETER= 21.6 MICRONS
AVERAGE MASS = 5,52 *10%%—8 GRAMS

AVERAGE DIAMETER MASS= 28.06 MICRENS
=NT {RE EARTH INFLUX= 59882, 7 ME TRIC TONS [YEAR
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LENGTH

LOCATION ICEZ TyPz SAMPLE
NUMBER METERS
COLBY BAY 32A ILE 34 3.0
CUMULATIVE NUMBER MASS CALCULATICNS
OF SPHERULES VOLUME MASS CUMULATIVE
PR SQUARE METER (CuBIC {GRAMS) MASS
PER SECOND CENTIMETCRS) {GRAMS)
R]ORE~ 4 21 0O%%E—8 *] O%%—83 *10*%—-8
5.75 D.15 0.68 535.42
5.15 0.42 1.89 534,74
4.59 1a4l 6.39 532.85
4.04 5. 84 256.350 525.456
3.06 11.40 51.76 499.96
2.06 12.67 57.50 448420
1.46 13.41 60.87 390.7G
1.04 13.34 £0.58 329.83
0.77 33.25 150.94 269.25
0.28 26.06 113.31 113.31
AVERAGE DIAMETER= 21.6 MICRONS
AVERAGE MASS = 5.52 *10%%-8 GRAMS
AVERAGE DIAMETER MASS= 28.6 MICRUONS

59882.7

ENTIRE EARTH INFLUX=

METRIC TONS /YEAR
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LOCATION ICE Tye:= v SAMPLE LENGTH
NUMBEZR METERS
SEA ICE COMPOSITE

Sizg SPHESULE PERCENTAGE CUMULATIVE CUMULATIVE

:
i
5
]

IMNTERVAL MNUMBERS PERCENTAGE NUMBER GF

: {MICRCNS) SPHERULES
g 5 61 8.2 8.2 Ta44
: 10 56 8.5 17.1 683
: 15 133 17.9 34.9 617
; 20 155 21.0 55.9 4384
25 145 19.5 75.4 328
30 81 10.% 86.3 183
35 32 443 50.6 102
49 23 3.1 93,7 70
45 18 2.4 96.1 47
50 12 1.6 97.7 29
55 5 0.7 98,4 17
60 2 0.3 98.7 12
65 2 0.3 98,9 10
70 1 0.1 99.1 8
75 5 C.7 99,7 7
80 1 0.1 99.9 2
85 0 0.0 $9.9 1
S0 0 c.0 99,9 1
g5 0 0.0 99.9 1
100 0 0.0 99.9 1
105 G 0.0 99,9 1
110 G 0.0 99.9 1
115 0 0.0 99,9 1
129 C 0.0 99.9 1
125 0 0.0 99,9 1
130 o) 0.0 99.9 1
135 0 0.0 99.9 1
14G 0 0.0 99,9 1
145 1 0.1 100.0 i




7 LOCATION ICE TYPE SAMPLE LENCTH
3 NUMBER METERS
SEA ICE COMPOSITE
CUMULATIVE NUMBER MASS CALCULATIONS
OF SPHERULES - VOLUME MASS CUMULATIVE
PER SQUARE METER (CUBLIC (GRAMS) ' MASS
PER SECOND CENTIMETERS) (GRAMS)
®*]0&F%-4 210%k*%-8 A210%%—8 *10%%-8
3.75 0.40 1.80 4740.41
3.45 3.44 15.62 4738.61
3.11 23.40 106.21 4722.99
2.44 65.05 295.31 4616.78
1.65 118.08 536.10 4321.47
0.92 113.99 "517.50 3785.37
0.51 z 71.51 324.65 3267.88
0.35 : 76.72 348.31 2943.23
0.24 85.49 : 388.12 2594.91
0.15 78.18 354.94 2206.79
0.09 43.36 196.84 1851.85
0.06 22.52 102.22 1655.01
0.05 28.63 129.97 1552.79
0.04 17.88 81.16 1422.82
0.04 109.94 499.13 1341.66
0.01 ' 26.69 121.15 842.53
D.01 0.0 0.0 721.38
0.01 0.0 0.0 721.38
0.01 0.0 0.0 721.38
0.01 0.0 0.0 721.38
0.01. 0.0 0.0 721.38
0.01 0.0 0.0 721.38
0.01 0.0 0.0 721.38
0.01 0.0 0.0 721.38
0.01 0.0 0.0 721.38
D.01 0.0 0.0 721.38
0.01 0.0 0.0 721.38
0.01 0.0 0.0 721.38
0.01 158.89 721.38 721.38
AVERAGE DIAMETER 22.6  MICRONS
AVERAGE MASS = 6.37 #*10%*-8 GRAMS
AVERAGE DIAMETER MASS = . 30.0 MICRONS
ENTIRE EARTH INFLUX = 38418.7  METRIC TONS /YEAR
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