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Abstract  

Microparticl銭COllectedなommeltwatersampiesofdeepicecoresretrievedatMizuboStation  
andÅdvanceCamp（AC）inEastQueenMaudLand，Antarcticawereexaminedunderascanning  
electron microscope（SEM），and their elementalcomposition data were obtainedby the energyェ  
dispersive X－ray SPeCtrOSCOpy（EDS）．Many observed particles，mainly collected frorn AC are  
morphologicallyciassifiedinto5categories．Thesecategorie＄WereeXplainedwithtypicalphoto－  
micrograph＄andalsowithEDSdata．Comparativestudiesarecarriedoutwiththestratospheric  
micropartieleseataloguedi11NASACosmicLDustCatalogtleS．1nspiteofmorphoIogicalresemblance  
betweentheicecoreparticlesandthestratosphericones，mOStOftheformerwereofterrestrialorigin，  
Oneextraterrestrialparticleofchondriticelementalcompositionwasfound，inadditiontoseveraI  
Sphericalparticleswh主cblooklikeFeィichsiderolite．  

Number concentration ofmicroparticles counted on SEMmicrographs oflow magnification  
L：Oincideswellwiththatl11eaSuredbytheCoultercounter．Depthvariationofthet：Onぐentrationdoes  
notshowa‡1ySignificantmodernantねropogenicefねctontbefirnofshallovdepth．Roughestimate  
oftheinfLuxrateofextraterrestrialmicroparticleswithsi2：eSOflOjLmOrderderivedfromourdata  
coincideswiththatderivedastronomicallyorfromtheobservationsofstratosphericmicroparticles．  

1．lntroduction  

Deepicecoresfrom AntarcticandGreenl三Indiee  
Sheetscontainextensiverecordsofpaleoclimateand  
paleoatmosphericcompositionintheformofsoluble  
andinsolubleimpurities．stablビisotopevariations of  
iceit父If，andvariationsofgasconcentrationasCO2in  
airbubbles．TheitlteT’pretationoftheserecordsfrom  
aglobalpointofviewreqtliresparallelstudiesofthem  
fromvariouspartsoftheicesheets．   
Ice cores retrieved for the depth of700m at  

Mizuho Stationin1983and1984．atld for2O（1m at  
Advance Camp（abbreviated AC hereafter）in1986  
mlユSt beimportant data sources for such records，  
beぐauSeally Otherdeepor mediunldepth boringhas  
neverbeencarriedoutinthequadrantofOO～90bEof  
Antaretica．Generaldescriptionsofthedri11ingofice  
eoresat Mizuho Stationand ofdata anaIysesofthe   

700m（：OreSWeregivenelsewhere（Naritaetal．，1988；  
Higashietal．，1988）．Microparticleconcentration，aS  
WellaselビCtricalconductivityandstableisotol）eratio  
（6180）was studied by Fujiiand Watanabe（1988）．  
TheyfoundthatIheoverallincreaseinmicroparticle  
COneentrationatadepthintervalof34（ト410m．coin－  
Cidedwiththeincreaseofelectricalconductivityand  
thedecreaseof♂柑0．TbiscoincidenceⅥra＄aモモribljト  
edtoenvironmentalchangeinAntan：［ieawhichmight  
hadoccuredinthemiddleoftheHolocene（3000叫6000  
aBP）．However，theycouldnotmakeclearhowthe  
COnCentrationchangehadoceured．］fwecanidentify  
Origins ofmicroparticles throughtheirphysicaland  
ehemicalpr（一t貯rties、itwillbcuseftllformakingelear  
mechanismsoftheenvironmentalcha一喝eSinAntarc－  
tical   

Intbe abovere呼eCt，SeVeralreports onmicro－  
partielesin Antarctic and Greenlandice cores hav   
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wasevaまuatedbytbecotlnもi喝OnSEMpboto訂aphsof  
lowma訂1ification．Deptbprofiieofthenumberden－  
sityofmicroparticiestbusobtairledcouidbeachrono－  
1（噂icairecordofenvironmentchan卵aStbatobtained  
丘ommeasurementsbyaCoultercolユnter．   

SEM phot噌rapbs of bigh ma卯ification gave  
variousmorphologyoftbeparヒicies，andtbey were  
compar東南thtboseofvariousparとiculatematerials，  
汰at canbeねundinsome Particle Atlases，NÅSA  
CosmicI）ustCatalogdc，Sincethesbapeal適sur≠  
face feiltureS Of micropartkles should reLfleLCt their  
originsandbistoryduringtlleyWeretramSpOrtedto  
Åntarcticaandslユ毎ectedtoweatheringonorirltbe  
icesheet，itisvaluabletosttldythemorphoIogyfrom  
SEMphot脚apbs．   
Someselectedparticleswerealso examinedby  

theenergydispersiveX－raySpeCtrOSCOpy（EDS），for  
elementalcomposition analysis．Thisanalysis pro一  
＼▼idesinformationonthemineralo灯OfthepこIrticles．  
1うe｛auSt｝OfinsufficieL11t qu；lntitative EDS data．the  
EDSchartsⅥrereOnlycomparedwithtboseinCosmic  
Dust Caねlogs，Wbicb contained data not ody毎r  
cし】S111ic but for terrestria】dusts．  

been recently publishtLd．Gaudichet（T（LZ／．（19錮）i【1L  
VeStigated the汀iineralogy of microparticles from  
DomeCicecoresampl飴byt王Singanana拉ticaltrans・  
mi∬iorleiectron mi（：rOSCOpe．Tbey examined225  
particles from6depths between246m and838m，  
Which cover wellfrom the Holocene period to the  
period before the Last GlacialMaximu乱 Tもey  
foundthatmineralo打OfparticlビSWereallnlixedat  
everydepth，andconcludedtbatnosp∝ificsourceof  
particlescouldbeidentified，altho噸bsupposedtobe  
mainly aeolian terrigcnous（一rligiTl．The parlticlesin  
Vostokice core were aiso analysed mineraiogically  
（Gaudichet ggぽgリ198乳 Results of analyses were  
COmparedwitbthoseofDomeCicecore，foridentify・  
1ngSOurCeareaSOfmicroparticles．1nviewofalittle  
uncertaintyoftheirconclusionthatthemajorsource  
Of Vostok dust over thelast160kyrshas probably  
beenSouthAmeri（：a，theyclaimedthatfurtheranaiy叫  
SeSmtlStbeptlrfonlledoIlneWiL：eeOreSreCOVeredin  
otberÅntarcticareas．   

lnGr亡Lenland．MilurtさtteLl（（］l．119861fou【lda】arge  
quantities of cosmic dust grains fr（－m thビblt］eiee  
lこIkes formed on melting surfacp of theiee sheet．  
Tb野Sievedtbe sediment汁om t壬1eiake bottく）m tO  
COllectmicroparticleslargertbanlOOβmindiameter．  
Abundant sphericalblack particles were co11∝ted，  
and examined by scanning electron microscopy．  
AlthoughtheorlgmSOfparticlesontheicesheetare  
Stilluncertain，alargeamountofthesemicroparticles  
（namedcryoco一雨e）wereidentifiedasextrate汀eStria王  
伸laurette（（（Z／．，1987）．l、Iley ぐIaimビd that these  
partic王esare micrometeorites，nOt ablationproducts  
Oflargermeteorites．Besidesthissplendiddiscovery，  
th（1rearea fewstudieson mit：rOpartieksinicecoT’eS  
fro！11GreenlaTldice sheet．011e（）f thelimitedlltl一汁  
bersofworkwhichbaveev℃rbeenurldertaken，isnow  
to be ptlbIishedin this same volume（Kumaiand  
Langway，199軋   
Inthispaper，WepreSentSOmereSuitsofscannlng  

electron microscope（SEM）observations of micro－  
Particlescontaincdiniceeores．both（－f700m from  
Mizuho Stationandof20Om fromACinEastQueen  
M；lud Land．Although the700111COreS Were first  
examined，theobservationswereratherlimitedwith  
SeVeralspottysampl岱from337m，402mand601m  
depths．Theresultsinthispalガraremainlrobtained  
fTOmtheコO11111eOreSatAC．；11thoughsomeilltereSting  
photographs are to be shown with particles from 
MizuI10COreS，  

Number（1fTnicroparticlesperunit volumeofice  

2．Methods  

ユJふJ桝♪／l－∫  

ThビMizuh〔1700mdep†hcore＼ヽ・aSdrilledintwo  
Wi11terSOf1983and198もanda200mdepthcorewas  
retrievedinsummer1985atAdvanceCamp（ÅC，74012′  
S，34e59管）by a traver駅party aiiⅥed to reach a  
p王ateauaとaround778Sand350E（seeyig．1）．Boththe  
ぬolecoreweretakenもacktoTokyo，keepingthem  
in a refrigerated storage ofJTIPこ1neSt）icebreaker  
“Sbirase’’，althougb也ellpperpartOftbe700mcore  
cameはtert主IanOthers，afterkeepinginMizuhoねr2  
years．hTokyo，也eyarekeptinacold或OrageOf  
theNationalhstituteofPolarResearch（NIPR）．   

Icesampleswerecutfromaverticallyhalf－Cut50  
Cmlongicecoresfro‡ndiだerentdeptbs．Onesampie  
hadapproximatel〉r5cmthictlビSSWhich roughl〉lCOr－  
r〔lSpOndビd to one year acLlumulation oficビ at the  
boringsite．Hovever，Shcethestrati酢a鷺血y ofice  
was quite disttlrbed on theice shビet aI－Otlnd both  
dri11ingsiモesもeca11SeOfthe或rong（：atabaticwind，this  
SanlPleisnotnecessarilyan；1nnualla〉’erいficedep（一Si－  
tion．Itisratheramixeddepositionねrafewyears，  
さOmetimesi11eludi11gintemlPtedantluallayet－SIWata－  
nabe，1978；FujiiandO‡lata，1982）．Twentyonesam－   
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Fig．1．BoringsitesoficecoresinEastQueenMaudLand，Antarctica．  
MizuhoStation（70041’S，44019′E）  
AdvanceCamp（740127S，34b59官）  

Pleswerec11tfr（一n一ぐOreSOfappropriatedepths，at10  
mintervalsfromt壬1etOptO琉ebottomof200mcores  
atAC．Inviewofthedeptトage＿reiationshipofice  
（see Section4），10mintervalcorresponds approxi－  
matelylOOyears．ThreビSllmPles，fromapproximate，  
ly337m．10コm and6OllllOf the Mizuho core were  
usedforapreliminarystudy．   
0nlytheinnerpartofeveryindividualicesample  

WaSuSedtoavoidthesurfacecontaminants．Remov＿  
1ngthenear－Surfaceportionbymelting，andrinsingin  
themeltwater，thenincleandistilledwater，theice  
Sample was placedin a sterileteflon container and  
meltedin a microⅥraVe OVen．T‡le me旺water of   

approximateiy150cmきwasdivまdedintothreeparts；  
15L：m3for eountingmiぐr叩artiぐIes with a Coulter  
eounter∴i（1em3for eLlectricalcondut：tivity measure一  
Inentalldstableisotope（61さ0）analysis．andreLmainder  
Of approximatelylOO em3for major chemicale（1m－  
POSitionanalysis．Methodsformeasuritlgthemicro－  
particlecoIICentrationwithaCoultercounter，andfor  
theelectricalconductivityweredescribedelsewhere  
（FujiiandWatanabe，1988）．Thelastpartwa＄filteト  
edthroughaNucleporefilter（0．6JLmpOreSize）using  
avacuumsuctionfunnel，andsolidmicroparticleswith  
SizeslargerthanO．6JLm WeTeCし）11亡・亡tedonthe filter．  
These procedl汀eS Were Carried（）utin a classl（）00   
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Wheremisthenumberofparticlesinaphotographof  
areas，andSistheareaofNucleporefilterthrough  
Wね宣chvmiofwaterwasinf揖rated．  
Themorpholo野Ofmicroparticieswasexamined  

bySEMphotographsofhighmagnification（×3，500－  
10，000）．Detaiisofthemethodofmorphologicalclasナ  
S妄ボcatio王－isgivenintわenextsectioれ．Tbeenergy  
dispersive X－ray Sp紅けOSCOpic（EDS）analysis was  
CarriedoutbyusingapparatusJEDM2000atfirstand  
laterQX200JbothinalaboratoryofJEOL，Because  
Oflimitedmachirletime，Or11ysomeselectedparticles  
Wereanalysed、AbbreviationEDSisusedhereafter，  
eitherforthemethodofthespectroseopy，Orforthe  
individualspectrum（spectra）aswillbeshowninFi終  
3wユ2．  

cleanroomofthe NIPR．  
The filters were transported to the electron  

microscopelaboratory ofInternationaiChristian  
University（ICt！）ねr examination．Then they were  
Cl止intoapproximatelylcmdiametercirclliarsbape  
to fit on specimenholders ofthe SEM（JEOL，JSM  
－T220）．The sl汀face of specimens attacわed to the  
bolderswi也a血esivetapeswasspatter－COatedwitb  
AuorC，andperipberyofthesurねcewasfナingedwith  
COnductinggraphitepaste．   

2．25良材β鮎g，Ⅵαぬ紘Sβ押d郡  
SizeofmicroparticlesobservedbytheSEMcan  

bemeasuredeasily onphtomicrographs．Generally，  
tわeparticiesizewasinarangebetveenseverai声m  
andseveraltensβm．Therlumberconcentrationof  
theparticlesirlunitvolumeofthemeltwaterofice  
wasconverted缶・Omthearealconcentrationmeasured  
Onpね0ねgrapわsof王owma紗i責caぬn，aCCOrdir≧gtOa王1  
equationbelo乳 Adoptedunitfor也econce戒ration  
bereisthenumberofparti（ニIesinO，05mlof払emelt  
Water，thesameunitcustorrlarilyusedfortheCoulter  
COutermeaSurement．  

3．Res山ts ofObservations  

J．7∫／こ＝川√ブぐ・（けJ（Y〃Jm／んけ～－そ／一研ん－印♪のイブ（、んI∫  
ConcentratiorlSOftbemicropa托iclesinicesam†  

ples from various depths at AC，eValuated bythe  
methoddescribedintheprecedingsection，aretabulaト  
edin Tablel，tOgether with those obtained by the  
Coultercounterwiththesame samples．Ascanbe  N＝仇05mS／sv  （1）  

Tablel．Coneentration of mieroparticles、nunlberin unitl■Olume叶O5ml）（1f the  
melt water ofi（：e Samples育om（】ifferent deptbs，atAdvarlCe Camp．  
CountedむomSEMphotograph   Counted by Coulter counter Depth（m）  A，Total B，＞1βm 郎A％  Å，Total B，＞1βm  B／A％   

0   1326  535  48．3   1893  782  37．1   
10   1474  479  32．5   12朗  441  34．3   
20   1727  491  28．4   17（汀  495  29．9   
30   1443  373  25．8   3201  720  22．5   
40   975  254  26．1   642  179  27．9   
5（〉   1691  4ア4  28．0   1388  384  2ア．7   
60   1345  344  25．6   1339  435  32．5   
7¢   1498  545  36．4   1709  428  25．0   
8（〉   1218  222  18．2   1192  294  24．7   
9¢   2i6  45  20．8   8ヰ8  225  26．5   

10（）   498  223  44．8   859  257  29．9   
110   761  215  28．2   437  153  35．0   
12（き   707  236  33．3   472  18（）  30．9   
138   693  243  36，1   632  ユ95  30．9   
140   5（）4  194  38．6   326  118  36，2   
150   467  138  29．6   1354  456  33．7   
160   353  】．27  36．0   347  120  34．6   
170   1213  466  38．4   294  111  37．8   
180   256  83  32．4   321  112  34．白   
19（き   477  149  31．2   876  251  28．7   
200   334  8¢  24．0   548  179  32．7  
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SEM．Relationships between the concentratioms at  
each depth measured by the SEM and the Coulter  
COuterareplottedonFig．2．Correlationcoefficient  
betweenthesec（meentrati（一nSiscaleulatビd7O㌔，ifthe  
dataof30m，inwhichtheColユiter（：Ounterく：OnCentra－  
ti（1tlisexceptiona11ylこ1rge．isoIllitted．Thisrelation－  
Ship gives a good proof for tbe reiia坤ity of払e  
Coulter counter measurenlビnt．  

OnesignificaIltpOintintbedata＄bowninTable  
listhatmicr叩articleconccntrationsintheOmdepth  
SamplemeasuredbyeitherSEMorCoultercounter  
are alnlOSt the same as others above8O m depth．  
DespiteadiffererltWayOfremovingpossiblesurface  
eontaminants，Onlycuttingdownthinsurfacelayerof  
eompat：tedsnowcoresampltL．thesampledidnotshow  
any sil唱ularity amongtht）data．1mplication ofthis  
point willbediscussedlaterinSeetionll．   

、？．コルナ（）呼ん）ん璧l－〟〃（J凡［げ．4畑中∫ふ（リ‾〟信仰〝正伝  
Å1thoughtherearevariousshapesofmicroparti（ン  

IesobservedbytheSEM，th（・mOt■pholo打aretenta－  
tively classifiedasin Table2，irTeSpeCtive oftheir  
elementalc（）mpOSitions．Tbe morphoiogy canもe  
COmparedwiththatofnaturalterrestrialmicropartic・  
1eslike voIcanit：aShes．cla）・ish minerals and silica  
sands，Wわicbare知undinvariotlSparticieaぬses．‡n  
thisstudy．weeomparedourobservedparticlビSmainly  
w主軌stratospbericdustswbichbavebeencompiledin  
many volurtleS（1fCosmic Oust C；ltal（1g（abbreviated  
bereafterCDC；NASA，1982－1987）．  

Thec；ltalogsincludet11a町ISEM photogT’；lphsof  
microparticlescollectedbyU－2aircraftsinthestrato◆  
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Fig．コ．Relationshipbet、Veen一一un－bercom：entratjonsofmi〔TO・   
partirlesrneasuTedb），thcSEMandtheCouI（ercounteT・  

Seeninthetable，thedepthprofileoftheconcentration  
tlleaSured b〉ナ the SEMis almost parallelto that  
measuredbytheCoultercounter．Thetotalconcen鵬  
trationsarein thtl（1rderof15OO／O．O51111intheupper  
80m depth，Whereas tbey decrease to the order of  
SeVeralhundredin the depth dpeper than 90 m．  
Nし1mber ratio of eoncentTations of partieleslarger  
thanlJLm diameter to the totalぐOnCentrations aTe  
こIIsoshovrnintheIableby㌔．andtlleydonotseenltO  
Changewi軸depth，thoughtheyarelittletessint：aSeOf  
theCoultercountermeasurementsthanthosebythe  

TableユMorpho）ogicalClassificatioT”fMit：rLIPr－iclesin AntareticIt：ビCores・  
Figllre1111mbtチn Stl（－W11  
in this pa匹r  

Morphology  
（abbreviation）  

Characters  

Complete sphere with smooth  
Or rugged stlrねce．  
S（11id of r川1nd shape with  
＄mOOth or wrinkled suげace▲  
Sometimes flll輿・．  

SonletiTneS eXhibit compaeted  
layer struCtureS．  
Polygonalmineralfrag7nent  
with sh鱒rp fringes、  

Fra釘Ilent Of diatonlS．die  
Or t：ylindricalshこ1F把．  

Spbere（S）   

Micro現Odule（N）  

A膠egate Of  
nlintlte Particl鱈（Ap）  
Ag酢egate O至  
flat element（A∫）  

Sharp王yedged  
mineralfragme鵬（M）  
Diatoms（D）  

アig．3，Fig．4   

F呈g．5，ぎig．6   

Fig．7  

Fig．8，Fig．9  

Fig．川  

Fig．11   
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in50mくyig．3（b）〉andllOm（Fig．3（c））depths，Vbere  
theagesoficewereestimatedwellbeforetheindus－  
trialrevolution（seeSection4）．Asphericalparticle  
Whichexhibitedthesamesurfacefeaturesasshownin  
Fig．3waseverfoundatadepthofl，194moftheByrd  
Station deepice core（Tbompson and Thompson，  
1野5）事 Therefore，Spbericalparticies of tbis kind  
Shouldnotbeindustrial．  

Althoughtherearemanyspheresregisteredinthe  
CDC，WeCannOtfindanyexhibitingthesamesurface  
featureslike thosein Fig．3．EDS which exhibit  
StrO喝FepeakswithweakNipeaksas洩owninFig，  
3wereoniyfoundⅥ7itbⅥr7029A9aildW7029C14in  
CDCVol．2，No．1，andwithW7027Ⅰ6inCDCVol．4，  
No・2．Amongtheabove3examplesinCDC，thefirst  
andthethirdarespheres，butthesurfacefeaturesare  
not elearin photographs．The second one has an  
irrビ官Ular shape whichlooklike mineralfragment．  
ThecatalogdesignatesbothofW7029A9andC14in  
typeCwithaquestionmark，andW7027Ⅰ6definitely  
intypeC．Therefore，WeCanCOnCludethattheorigin  
OfourFe・Spheresmustbeextraterrestrialwithsome  
reservations，prObabiybenamedmicrosiderolite．  

Aninteresting SEM pぬoto許apbis Fig．3（d），  
Whichshowsafracturedspherewithsimilarsurface  
featuresasothersinFig．3，andwiththesamecharac－  
teroftheEDSspectrum．Itmaybeinferredfromthis  
figurethatthespheresofthistypehasahollowinit．  

Spheresshowingdifferentelementalcomposition  
WerefoundasshowninFigs．4そa〉arld（b）．Particle  
（a）whichseemstobecrackedonsmoothsurfacewas  
foundin20mdepthice，andparticle（b）whichshows  
ruggedsurfaceandaho1lowinitwasfoundin120m  
depthice．EDSoftheseparticlesdonotexhibitany  
Significarlt peak，baviI唱CO汀1mOniy weak Ala11d Si  
peaks，WithSandCain（a）andFeinfb）．Theymust  
beofterrestrialorigin．   

3．4〟む和樹犯∂血ゐ，Ⅳ  
Thiscategoryisgiven formicroparticleswもich  

exhibitthesoiidroundshapewithsmoothorwrinkled  
Surface．TypicalexamplesareshowninFigs．5（a），  
（b），（c）and（d）．Bothparticles（a）and（b）werefound  
inthefirnofOmdepth．Itisoftenseenthatminute  
particle fragments are attached on their surfaces．  
Extremecaseisparticle（c）fromllOmdepthice，Of  
WもicilSurface seems to be covered by bead－1ike  
minuteparticles．Sinceparticle（d）from120mdepth  
icelooksliketohavesharpridgesonthesurface，this  
mightbeclassified asanintermediatetypebetween   

SPhere．Although they are for distributingparticles  
toinvestigatorsconcerningorlglnSOfinterplanetary  
microparticles，rOughestimatesoftheoriginsasclasA  
Sifiedbelowaregiven，aidedbyEDSspectraattached  
toeverySEMphotographs．OurpartialdataofEDS  
Were COnlpared with thoseillCI）C．forident巾′ing  
q11aiitativeiythemineraiogy ofparticles and distirト  
針1ishingthemwhetherterTeStrialorextraterrestrial  
Orlgln．  
The NASA Cosmic Dust Preliminary Examina・  

tion Team（CDPET）classified the type of strato－  
Spbericmicropa托iclesinto fourcategories，C，TCA，  
TCN andÅOS．Althoughitelaimsthat theelas＄ト  
ficationis a provisional first orderidentification  
based on morphology，elementalcomposition from  
EDSspectraandopticalproperties，COllectiveexperト  
encesoftheCDPETprovidereliablejudgementson  
Origi11S Of也e particles．Here，C representscosmi（：  
dusts（partieles of extraterrestrialorigin）．TCÅ  
means terrestrialcontamination whichis produced  
artificially，WhileTCNdoesterrestrialcontamination  
naturalwhichisoriginatedfromnaturalenvironnlentS  
Ofeartb’ssurface；Variousrocklninerals，VOIcanicash  
andclaymin亡・rals．AOStaluminumoxidesphere）isa  
SpeCific particle，eSSentially classified as one of the  
TCA，Whichis produced from solid fuelrocket ex－  
haust，eXtenSive contaminantsin the stratosphere  
Sinceourrocketage．  
SizerangeofparticlesinclⅥdedinCDCisalmost  

the same as that of our observed microparticles．  
Morphologyofparticlesalsocoversalmostallfound  
inourobservations，Withtheexeptionofartificially  
produceddusts．Inthenextseveralsubsections，COmd  
parativestudiesoficecoremicroparticleswithstrato－  
Spheric microparticies are givenin accordaIICe tO  
morphologicalclassification tabulatedin Table 2．  
Origins of the partides are only divided into terre- 
Strialandextraterrestrialaccordingtocomparisonsin  
morphologyandEDSdata，andsometimesarederived  
fromcompariso†lSOfmorpbologyfoundino也erparti－  
Cle atlases，  

且3励ゐβ硲，S  
Fig．3（a）showsaSEMphotographsofspherical  

particle foundin O m firn sample，tOgetherwithits  
E工）Sinrightside．Sincethesamplewasfromtheice  
Sbeet sudace，it was s11SpeCted that this might be  
industrialproductlikeflyash．But，particleswiththe  
SameSurfacefeaturesandwithcompletelythesame  
EDS（FepeakonlyorwithweakNipeak）werefound  
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ケ．60）keV  0．叫】■●V   

tcI   
Fig．3．SEMphotographsandEDSoftheiron－Sphericaim壬cropar批Iescollectedfromicecoreofeachdepths，（a）Om，（b）50m▼   
（c）110m，（d）30m．Numeralsundereacbpわoto許aphsarefrom王e軋acceleratio羽VOiもageinKV，m喝n主ficationofori如ai   
image，barcorrespondi喝1βm，5＃metC▲aSdesignated，andsampleNo・Pl－OtO（d）まsaも0Ve王γig■4intbenextpage†   
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Fig14qSEMphotographsandEDSofthespheficalparticleswithnon－   
ironelements，（a）20m，（b）120m．   
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（d）   

Fig．5．SEMpbot喝raphsofthemま∝a－mOdulealldtbeirEDS，（a）Om，（b）  
tl111．虹＝l11111：‖1（lld）lコ11Ill．Nし1El1さーいl▼lこ11こI11d tt））．   
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9．研一kせ∨  

Fig．6．SEMpboto酢aphsandEDSofthe汀Iicronodule，（a）Ca－ricbfrom   
30m，（b）ofextrate汀eStriaifr¢mllOm・  

themicr・0－nOduleandthesharplyedgedmineralfrag－  
ment（M），Whichwillbedescribedlaterin3．7．EDSof  
particle（c）exhibitsnosignificantpeak，Whereasthat  
ofpar注de（dきhassignificantpeaksofAi，Sia王1d正一  
TheseEDSspectraindicatetbatparticlesarebothof  
terrestrialorlgln．  
AmicroparticleinFig．6（a），Whichwasfoundin  

30mdepthice，eXhibitveryruggedsurfacebutcould  
玩classi舅edin t毎s category，N．A揉ached EDS  
shows tわat tbe particie has bigb caicium content一  
Very similar EDS was found with a TCN particIe 
U2034A16in CDC Vol．9，No．1．A smooth micro・  
noduleinFig．6（b）hasacharacteristicEDS，RelaT  
tiveabundanceofFeandSagainstSiindicatesthat  
theparticleiscbondriもic，COrreSp（）ndingEDSwiththe  

samecharacterinU2023B8and2022E24inCDCVol．  
7，No．1．They are both designated in type C．  
There払re，the particlein Fig．6（b）bundinllO m  
deptbiceis definitelyidentified as extrate汀eStriai  
Orlgln．   

ユ5▲4甜Jlg〟存－イ〃ん摘ん、几／イかJ血／l－ゴ．．4／）  
Microparticles of this type were often found，  

irrespeく：tiveoftbedeptbofice．Particleswi也siges  
Ofl（〉～2晦marecomposedofminuteparticulatesof  
less thanljLm Size．Three typicalexamples are  
ShowninFigs7（a），（b）and（c）．EDS ofparticle（b）  
exhibitsstrongpeaksofAlandSi，Withweakonesof  
S，CaandFe，butnosignificantpeaksbesidesweak  
OneS（）fÅ1andSiappearinEDSofeitberparticle（a）   
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9．丘01抽V  0．80ユーev   

Fig．7．SEMpbotograpbsandEI）Sofmicroparticleswitb乞besbapeof   
aggregateofminuteparticulatesAp，（a）10m，（b）40m，（c）140m．   
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Fig・8・SEMphotographsandEDSofmicroparticleswiththeshapeof   
aggregateofflatelementsAf，（a）40m，（b）110m，（c）190m．   
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（d）  

Fig曽9，SEMphotographsandEDSofmicroparticlesofthesameshape   
AfasofFig．8，そa）50m，（b〉60m，くc）100m，研120m・Theiasttbree  
baver10EDSrecord．   
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F亘g．10．SEMpboto許a由SandE王）Sof押‡ygonalm主croparticl飴Witb   
洩arpedgesM，（a）50m，（b）200汀‡，（c）60m・   
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（C）   

Fig．11．SEM pbotograpわs and EDS oぞmicr（）particles coⅥSidered as  
diatoms，（a）10m，抽）3（）m，（c）100m．NoEDSfor（b）．   
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（dI   
Fig．12－S業Mphotograph＄andEDSofInicropa頭重clesofsp∝ialぬapes，   
（a）Cabbage－1ike，10m，（b）drop－1ike tephra，20m，（c）drop・1ike   
tephra，400mMizuho，（d）poroustephra，400mMizuho・NoED6  
SpeCtraⅥ7αetakenwithtbeteph柑S・   



47  Higashitイ〟／．  

Or（c），Sometimes，thistypeoftheaggregateshows  
fluff）▼features as callbe st？ビnin Fig．7la）．1n the  
CDC，manyCtypeparticleshavemorphologicalfeか  
tures si111ilar to tllis aggTeLgate．tlowever，judging  
fromtheEDS，particlesinFig．7arenotir】Ctype，but  
Ofterrestrialorigin．   

3．6Aき瞥才聯おげノ侮言g由榔邦晩4デ  
ThistypewasaisooftenobservedinSEMphotoY  

酢aphs．Parとidesofsizes10～20声mareCOmpOSedof  
minuteflatelementswithsizesofafewFLrn．Three  
typicalexamples，Whichwerefoundin40m，110mand  
19Om depthice．areshowniIIFigs．8（a），（b）andlt：），  
respectivety．EDS of these particles allexhibit  
SけOngSiandAl，Witbsomeweaksidepeaks；atKin  
（a），atFein（b〉，andatS，K，CaandFein（c）．Strong  
SiandAlpeaksindicatethattheyareallterrestrial．  
MicroparticlesshowninFigs．9（a），（b），（c）and（d）are  
alsoclassi重edinthiscategory，al也0㍊ghpa王1icles（a）  
and（d）seemtobeintermediatebetweenAfandN，   

3．7‰坤沙g砲ぞd〟吉光g和才釣昭弼g乃ちガ  
Microparticles which have the polygonal shape 

Su汀Ounded by sharpedgeswere often foundin ol汀  
Observations．Typicaiexamplesareshownin Figs◆  
10（a）and（b），eaCb of which from50m and200m  
depthice respectively．EDS of（a）shows stro喝  
peaks of Si，S and Ca，While that of（b）shows no  
Si餅Iificantpeak．Judgingfromthemorphologyand  
theattac壬IedEDSdata，t王IeSeparticlesarein短rredto  
be ciay minerals originated from the earth surface．  
AcombinedcomplexofMandAfissboⅥrninFig．10  
（C）．EDSoft壬衰sparticleexhibitsstrongpeaksofCl   

andFebesidesSi，WithminorpeaksofNa，Å1，Sand  
C乱 No definitiveiI正e汀enCe On the origin of this  
particlecanbegivenfromeit‡lermOrphology（汀EDS，  
butthepeaksofClandNainEDSsp∝trummightbe  
understoodasresultedfromadheredseasaltonsome  
SOrtOfmineralfra邸ment．   

ユタエぬお椚ち£  
M重croparticless‡10Ⅵ7irlgthedieortberodsbape  

Wi払regular disposition ofboles on t壬Ie St汀ねce as  
ShowninFigs．11（a），（b）and（c）areoccasiona11yfound  
（10m，30m，100m，180m），EDSofparticle（c）found  
ir1108mdepthiceexhibitsmanypeaksofelements  
including S，Cl手鑑andMg，tOgetherwithAlandSi．  
From the si111ilaI・it）・Oflhe shこIPe＼＼Tith that f（1t111din  
Greenlandice（Gayley，RamandStoermer，1989），tIley  
areidentified as diatoms．  

ユタ0娩gγ励ゆ如才廃立憲g了妙が  
Notoftenfound，butaninterestingshapeisshown  

inFig．12（a）．whichlookslikethesurfaceofcabbage．  
This one wasfoundinlOmdepthice，anditsEDS  
Shows the peaks of Na，Al，Si，P，S and Cl．This  
mig‡lt be a sea→Salt mixed witb mineraloxide or  
sulfide．AparticleinFig．12（も）iookslikeadrop－1ike  
tepbra，Wbichcanbefoundinastandardtextbookof  
＼TOkani亡；lShlHeiken and WollltltZ．1押5）．Par’t．icles  
with similar shapes were also found in a specimen 
from402mdepthiceoftheMizuhocore，aSShownin  
F痕．1コ（ぐ）．AlthoughtheteLPhra ofpt－rOuSStruCture  
wasnot foundin any specimen ofthe AC core，We  
bave obseryed t‡lis typeillSOme SpeCimens of t壬Ie  
Mizu壬10COre．Åparticlei‡lぎig．12（d），Whicbisalso  

Tabie3、Li或OfSEM pboto訂aphsofmicroparticlescollectedなomicecoresreもrieved  
at AC，EastQueen MaⅥd Land，Åntarcもka．  

Dep払（m）Specimen No．Morphologicai Approximate Cbaracteristic  
（pboto No．） classification  Size（〟m）  peak＄Of EDS  
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Depth（ml SI光Cin1en No、Morphological Apprt一Ⅹimate  
（photo No．） classification si2：e（fLm）  

Cbaracteri＄tic  
peaks of EDS 
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Cbaracteristic  
peak＄OfEDS  

Depth（m）Spth：imen No．MorphoIoglCal Approxi－11ate  
（如to No．） classifica貞on size伍m）  
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Depth（m）Specimen No，Morphological  
（photo No．） cla盛ification  

Approximate Characteristic  
Size（βm）  peaks of EDS  
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Fig．13．SEMpTILlt叩raPhsofa Tnicr叩artirlビ1仏・ithintle・rSht）1lstn］t：ture．   
ぎrom408m Mi凱boice core．Two pboto宮rapbsⅥritぬdifferent   
inclinationoftbesamp】e．  

from402mdepthice，isanexample．   
‡n thelast，a microparとicle whicb exbibits the  

ぬellstructtlreisshowninF短▲13．Tbisparticiefrom  
402mdepthiceoftheMizuhocorewasaccidentally  
fractl汀ed，Sbowi堀thelayer structureinside・Tilis  
featureisinteresting，becauseitmaygiveacluefor  
tbegrowthmechanismoftbismicroparticle，ifitwas  
generatedbyaccretionofmaterials，nOtbyfragmen－  
tationofalargerparticle．  

Ofterrestrialorextraterrestrialorigin．InCDCand  
Otberastronomicalptlblications，mOStOftheextraterw  
re或rialparticiesarecbaracterizedbycbondrit主ccom－  
positioninEDS，eXhibitingsignificantpeaksofM底  
Si，SandFe．fIowever，mOStOfouricecoremicro¶  
particleslack Mg peakin the EI〕S spectra，eVen  
tbougbotberconditionsaresatis貞ed．AIso，mOStOf  
them exhibit a relatively strong peak of Al，Which  
doesnotexistorisweakinextraterrestrialparticles  
ilュCDC．Al－richsilicateparticlesarecommorlterreS－  
trialminerals．Among severaltens of observed  
microparticles，OnlyonewhichwasshowninFig．6（b）  
WaSidentifieddefinitelyaschondritic．   

InadditiontoacぬondriticrnicroparticlesinFig，6  
㈲，Spbericaimicroparticies as shovFnin Fig．3are  
possibly of extraterrestrial，Fe－rich siderolite．Aト  
tbought‡1eSizerangeismucblargertbanourspheres，  
intheorderofaぎewbundredメm，ironcometsphe－   

4．Discussion  

Åsde斑ribedilltわeprecdingsec七重0‡l，microparとi－  
Clescollected鉦om Antarcticicecoresaremorpbo－  
loglCallyclassifiedintoseveralcategories．Mostof  
tbesecategoriesarefoundinstratosphericmicroparti－  
Ciesr曙isteredinCDC，irrespectiveⅥ■he払ertheyare  
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dryfallouttransportedfromothercontinentsorsmall  
areaofbaregTOundinAntaretica．Depth profileof  
thenumberconeentrationofnlicroparticlesmeasured  
L）nSEM photogTaphs（tabulatedinTablel）isshown  
inFig．14．AswasstatedinSection3，theconcentra－  
tiollisitltheorderof15OO！O．O5mlint†1etlpper8Om  
andit decreasesto the order of5鋸川畑5miin払e  
depthdeeperthan90m．Abnlpt Change ofthecon－  
Centration occuring at紺r90nldepttlCan be attri－  
butedeith（】rtOthechangeし）fsno＼l▼fallrateortothat  
Of microparticle transportation toÅntarctic乱 At  
PreSent，WeCannOtdeterminewhichistherealcause  
Ofthischange，beca11＄eWebave‡10eXaCtdep地濁ge  
relationshipofi亡eatAC、altho11ghtheret：entaCCuI11u－  
lationrateatACisconsideredalmosttbesameasin  
M至芸ubo（Satakeg≠α£，1986）．  

NしIMBER（「⊃NCENTRÅで‡ON〔1F MIC只Op入RTTCl．ES tl／0．05ml  

O  う00   1D【〉ロ   15ロ0    エロDO   ニ500  

rulesfoundindeep－SeaSedimentsarecomposedofFe  
and Ni（Brownlee、1弾5）．with moreLabundanceofthe  
latterthallthecaseofpartiett）Sin Fig．3．Ilypothe－  
tiealgeneration proeess L）f Fe－riL：h sphericaImicro－  
particlesisconsideredasfollows．Atmosphericentry  
Ofaninterplanetat’ydustparticlescparatesspheroids  
Ofmoltenmetalandsilicate，Theformeriscompos－  
ed of FeO melt and Fe－Nimetal（Bro＼Vnlee LIILl［‥  
198札 AlthoughtheFe－NimetalisNi－richwithstlCh  
alargerdeep－SeaSedimentspherules，itisplausibleto  
consider that，in the case of smaller spheruleslike  
thoseobservedinFig．3，Niescape＄duringthemelting  
proce弘，SlユpplyingFe－richsiderolite．  

Here，WeWOuldliketoestimateroughl）▼the fa11  
rateofextraterrestrialmicropartici銭On也eslユゴace  
Oficesheet，育omtbedata obtainedabove．Wecan  
Say tbat one cbondrite and five Fe－rich siderolites  
werefoundirltbewhoievolumeoficeexaminedin2ま  
Samples．Since5cm thick sampie ofice used for  
filtering approximateiylOO cm3melt water should  
havethehorizontalcrossspctiona】area of22en13＝2．  
2×10‾8m2，andthe5cmofice correspondsapproxi－  
matelyO．70yearat、Cumulationofsnoworieeneartht：  
Surface at AC（Satake et al．，1986），One eXtrater・  
restrialparticle out ofコ1ice sanlPles of5cnle（1r－  
resp（1nds to the fallrate of9．7611（1rTm．2・SJby a  
SiTllplecakulationasf（）1lows；  

1／21×2．2・10¶3×0．7×365×86400m2・S  
＝9．76・1〔l‾T11l▲二・S1  
≒1・1（卜㌔11‾ご・Sll．  

Thisisoneorderofmagllitude smaller thanthe  
Value obtained by extrapolating a curve eXpreSSing  
therelationshipbetweenthecumulativefluxandthe  
Size ofmicro－meteOlites（Fig．1i‡lBrownlee gfβ乙，  
1980）tothesizeoflO〟m．However，ifweirlCludethe  
numberofFe－richspheri（：aimicroparticies，OureSt呈－  
mate of the fallrateincreases to the same orderく〉f  
magnitudeesimatedbyBroⅥ汀11eeetal．Tbiscoinci汁  
denceimplies thatL We WiIlbt！able to find many  
micrometeorites of which the fall time can be welI 
d或ermined，ifwet壬10rO喝hlyinspectwboledeepice  
COreSfrominlandofAntarctica．Forfurtherstudies  
inthisrespect．weneedi111prOVedmethod forsorting  
microparticlesiniceefficiently，andalsothecorrect  
depth－agerelationshipoficeat thedrillingsite．  

Aswasstated at the beginning of this section，  
mostofthenlier（一particlesinA11taretiぐicecoreswerp  
determined ofterrestrialorigin．Tbey should bave  
been nucleiofsnow cr）・Stals fellontheice sheet．or  
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Fi払14サDepthprofilemicroparticlenumberconcentrationsin   
it：ビCOrt、Sat ACb）・SEMphotographiemeasurement．andin  
MizuhoicecorebyCoultercountermeasurement＄．  

Kul†1aiand Langwこlさ・（199O）pt両1ted out that the  
COnCentration of microparticiesin firn samples of  
1980s was6．4times of tbe mean conceれtration of  
particles at depths of611AD，45BC and730BCin  
Greeniandicecores，aCCOrdingtot王IeirSEMobserva－  
tions，Thisisexplaimedbyinputofduststothefirn  
from modern anthropogenie sources．1Iowever，in  
our data of the AC，Antarctica，nO Significant dif・  
fernce wasfound an10ngSanlplesfTOm O nltO紺m  
depth，aSShowninFig．14．Ifthedepth－agerelation－  
shipderivedfromicefabriedataforMizuhocore（Fig・  
1inNak；lWO（tL了／‥19891isadoptedtothatforACice  
eore．the柑－Lr9（1mdepthoftheabrupt ehangビinthe   
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Tabie4．Ei印1entalcomposition（veighも％）ofmicropart童clescoliectedfromicecore＄retdeⅥ衰atÅC，  
Queen Maud Land，Antarctica．  

Sample No．，Morphology  
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concentration of particles shownin Fig．14is far  
before theindustrialrevolution．The difference of  
cleannessofsurfacefirnonicesheetsbetweenGreen－  
1andandAntarcticacanbeattributedtothedifference  
ofdistancefromind11或rialareaoftbewor王d、  
Mineralogy of observedmicroparticles wasnot  

made clear yetinthis study，partlybecause ofdif－  
ficulty of obtaining quantitative data of elemental  
composition from EDS data taken by JED-2000 
（showni‡l蔦gures bylユn洩aded餅apbs），arld partly  
because of difficulty of approacil払g vast data of  
chemicalcompositiorlSOfvariousrocksandterrestrial  
dusts．Morphologyofparticlesdoesnotseemtobe  
relatedwiththedepthoficefromwhichtheparticles  
were sampled．However，forfuture references，all  
observed particles were tabl羞atedin払e order of  
depths，describing the morphoIogicalclassification，  
with approximate diameters，referring numbers of  
figuresinthispapcr（Table3）．Apartofquantitative  
elementalompositiondataobtainedfromtheEDSby  
QX200Jare tabulatedin Table4．Infomatio！lin  
Tables3and4wi11beu既知1，tOgetberwitbotberdata  
tobeobtainedsoonwithMizuhocore，forunderstandY  
ingtheoriginofmicroparticlesontheearthsurface・  

thoughtheirsourceareasontheearthwerenotiden－  
tified．  
One extraterrestrialparticle of chondritic ele－  

mentalcompositionⅥ7aSfound如）mllOmdepthice，  
a‡1ds餌eralspbericalparticl銭from variousdept壬1S  
WereCOrlSideredtobeFe－richsiderolites．Theinflux  
rateofextraterrestrialmicroparticleswithsizesoflO  
JLmOrderwasrough1yestimatedfromthesedata，and  
itcoincidedwellwiththatderivedastronomical1y．  
Deptbvariationofthenumber concentration of  

microparticlesdoesnot洩owanysignificarltmOdern  
anthropogenic effectin the firn near theice sheet  
Surface，aS WaS foundin Greenland．However，an  
abrupt decrease of the concentration is found at a 
depth80M90minice，Whichcorrespondroughlytothe  
age of800…900years BP．Tbisdecrease，apprOXi－  
matelyl／3，muStbecatlSedbyclimaticchanges，either  
bychangeofsnowfaurateorbythatindustgeneraL  
tionandtransportation，Orbybothofthe肌Impor－  
tanceoficecorestudiesatin1andicesheetinAntarc－  
tica for the study of climate ehange is now to be 
recognized，inviewoftberelativec王eaIleSSOfice払ere  
asstated above．   
Thoroughexaminationsofmicroparticlesinthe  

MizuhoicecoreareunderwayforidentifyingorlglnS  
Oftheparticles，andformakingcleartranspotation  
andweatheringprocessesoftheparticles，  5．ConcIusion  

Microparticlesincludedinieecoresretrievedat  
Mizuho Station and Advance Camp in East Queen 
Maud Land，Antarctica wereexaminedwitha scanA  
ningelectronmicroscopeandEDSapparatus．Many  
Observedparticies，mainlyfromAC200micecore，  
Were mOrpboi咤ica11y ciassifiedin 5 categories．  
ComparisonsoftheirEDSdatawiththoseofstratoA  
SphericparticlesregisteredinCDCrevealedthatmost  
Ofthe observed particles were of terrestrialorlgln，  
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