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Abstract  

ThereflectivelightintensitywasmeasuredcontinuouslyonaverticallysplitflatsurfaceofalOO  
micecorefromAsukaCamp，EastAntarcticawithanewlydevelopedphotometricdeviceforrapid  
StratigT－aphicanalyses．Thedataobtainedbythepho（OtnetriemeasureTllentWereCOnlparedwiththe  
density data andvisualstratigraphy．The reflectivity andits standard deヽ・iatio11Showed good  
COrrelationswithdensityandgrainsizerespectivelyatshailowerpartofthecore．Thisfactsuggests  
thatanewphotometricrnethodprovidesusStratigraphicinformationsuchasthedegreeofdepthhoar  
deveiopment．  

1．1ntroduction  

In order to measure the continuous records of  
physicalpropertiesoficecoresuchasdensity，pOrOS－  
ityandgralnSize，We are developlng aphotometric  
method．tiere we present preliminary resu圧s of the  
photometricmeasurenl円ItmadeonalOOmcorefl・om  
Asukacamp，EastAntarctica．AsukaCampi＄iocated  
atiat．71031ナS，long．24甘E，and930m a息1．（Fig．1）．  
Mcatla11nualtempt？ratureis －2OrC．Aecunlulation  
ratemeこISuredby snoヽ＼▼StakemethodisaboutO．19m  
a‾1oficビ．AIO3mlellgt］1andlO cm diarneterice  
COre WaS reCOVered during April1989．The  
photometric measurement was carrled out in a cold 
roomduring1992／1993．   

2．Hethods  

2J．α柁郎夕呼物  
Thecorewassplitverticaliybyabandsawanda  

halfwasused forphotometricanal〉TSis．detlSity mea－  
Surement．ECM（ElectricalConductiv恒T Measure・  
ments）and oxygeniso［opemeaSurement．ThビOther  
halfwasprovidedforchemicalanalyses．Ahalfcore  
for photometric measurernent and ECM was miー  

CrOtOmedo†1aSPlitsurfaeetoprovideaflata11dctean  
surface for the measurements．After these measure－  
ments，thecorewascutintolengthsof4cmlongalong  
COre aXis for den＄ity measurement．These samples  
Wereafterwardmeltedandprovidedforoxygeniso－  
tope measurement．Density was deter111ined b），  
measurillg the size and wdght of each sanlPle．All  
theseprocedureswerecarriedoutinacoldroomata  
teIllPeratureOf－150C．Detailedanal〉TSeSOfthiscore  
includingchemicaldat；lWi11bediscussedelsewhere．  

ニュ fツ附加〃汀／Iブ（l〝汀／／＝d  

Figure 2 shows a schematic diagraM of the 
measuringsystemused．Aphotosensorconnectedto  
alightsource（ahalogenlamp）byanopticalfiberwas  
moved over a flat surfaee of a core a王ong the core  
axis，Alightbeamemittedfromtbeopticalfiberwas  
irradiatedonthesurfat：eOftheeoreatanangleof45  
degr・ee．Theirradiatedareaisapproximaモedbyan  
eliipsewithaxesof7mmby5mmwithtbeminoraxis  
OTientedalongthescanningdirecti（肌 TherefIective  
lightintens恒TfromirradiiltedareawasdeteL：tedb）ra  
pboto－・diode紆igt2）andrecorde¢byanx－hyreCOrder  
throughaphoto鵬SenSOramp王ifier．Thex仙pOSi貢onof  
theirradiatedareawasmeasuredbyarotaryencoder   
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Fig．1．Loca貞onofAs11kaCamp（Ⅹ）．  

三宅  
Fig，2．Aschematまcdiagramof亡bepbotometric汀妃aS℃rementSyStem．   
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andinputtedintothex－yreCOrder．  
After each run the data were stored on a micro  

floppydiscinapersonalcomputer．Duetotheslow  
responsetime（0．1sec）ofthephoto→SenSOramplifier，  
Shorトtime variations of the reflectedintensity was  
attenuated．With a slidingvelocityoflcms▲1，the  
depthresolutionwasaroundlmm．Beforeeachrun  
theslidingplaneofthephotosensorwascontacteda  
mirror and the reflectiveintensity was measuredin  
Ordertoobtaintheincidentlightintensityonthecore  
Surfaceandtomaintainitsvalueaconstantforevery  
rtlll．  

3．Results  

Figure3showsthe overal1depthprofilesofthe  
density（3ra）and the reflectivity（3rb）which was  
ObtainedbydividingthereflectivelightintensityRby  
theincidentlightintensityL・Heavierlines（zig－Zag  
lines）indicate50cm means of each data．Thinner  
linesshowtheregressionlines．Poreclose－Offoccur－  
red at about40－50m．The reflectivity gradually  
decreasedwithdepthuntilabout50mandincreased  
again below 50 m with alarge fluctuation．The  
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Fig・3・Depthprofilesofthedensity（a）andthereflectivity（b）．Heavylinesshowa  
50cmmeanofeachdata．Thinlinesshowregressionlinesofthefifthorder．   
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Fig．4．Comparison oftbestratigrapbiq良aturesirlthe photometric measurement   

SignalsforatoplOmcore；（a）density，（b）re鮎ctivi吋，（c）standarddeviationoぎ  
thereflectivityand（d）grainsize．Ⅰ：0血0．5mm，II：0．5－1．Omm，m：i．0－1，5  
mm，ⅠⅤ：1．5w2．Omm，Ⅴ：2．Omm～．Verticalthinlinesirldicateagoodcorrela－  
tionamongthem．   
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（a）   
graln StZe   ∵∵∵＝二 きInCreaSe  

（b）  dens汁y  J JnCreaSe  

Fig．5．DependenceofreflectiveareawithinarlirradiatedaTea（insideofane蟻pse）  
Ontbegrain由紀，Blackspo短andぬtcはareain戯cate払ee漁c扇verefiectio王1  
area．（aきShallow餅depth；0－7m，and浄）deepdep汰；鍾m－100m  
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depth－densityplotshowslargenegativedeviationsof  
50cm mean data from the regressionlines at the  
depthsaround60m，70mand90m．Atthesedepths  
the reflectivity also deviatedlargelyin a negative  
manner．  

Thedetaileddepthprofilesofdensity，reflectivity，  
standard deviation of reflectivity and grain size for 
thetoplOmofthecoreareshowninFig．4－a，4－b，4  
－Cand4－drespectively．Eachdatapointshowsthe  
meanvalue of4cminterval．  

Grain size measurement was made on the bulk 
COre uSlng a grainsize gauge．Thereforeits depth  
profilewasindicatedbytherelativegrade．  

There is a clear positive correlation between 
densityandreflectivityuntilabout7m，andbelowthis  
depththecorrelationbecomeunclear．Figure4also  
indicates a good correlation between the standard  
deviationofreflectivityandgrainsize．Largestan－  
dard deviation corresponds tolarge grain size．  
These depths also corresponded to less reflectivity 
andless density．Visualobservation of the core  
revealedthatthesedepthswerecharacterizedbyclear  
developmentofdepthhoar．  

4．Discussion and Conclusions  

Mainpartofreflectivelightisattributedtothe  
reflectionfromsurfacelayergralnS．WithinthesurT  
‡aceofノeaChgrain，0nlythereflectivelightfromthe  
areawhichorientedsuitablytotheincidentdirection  
reachesaphoto－diode．  

Figure5showsschematicallythereflectivearea  
Within theirradiated area．To simplify the discus－  
Sion，agrainisassumedtobespherical．Ablackspot  
ineachgralnindicatestheeffective reflection area．  
Asgrainsizeincreases，thesumoftheeffectivereflec－  
tion area decreases because the total number of 
irradiated grains decreases．Hence reflectivityis  
reversely correlated with grain size．When the  
irradiatedarea slideslmmasshownbytheellipses  
with thinlines，the variation of the totaleffective  
reflection areaislarger forlarger grainsin size．  
Thisleads to the greater standard deviation of re－  
flectivityforlargergrains．  

At shallower part of the core（i．e．upper7m）  
wherethedensificationhadnotproceededyetsothat  
the effective reflection area of each grain can be  
regardedasapoint，thelowerreflectivityandhigher  
Standarddeviationcorrespondedtolargergrainsize，  
and vice versa．  

Atthe depthbetween about7m and50m，the  
increase of grain size with depth causes the re－  
flectivitytodecreasewithdepthin abovementioned  
manner．Ontheotherhand，theincreaseoftheeffec・  
tivereflectionareaduetothedensificationwithdepth  
CauSeSthereflectivitytoincreasewithdepth．Asa  
result，aClearcorrelationdisappearswithdepth．  

Atthedepthbelow50mwhereairbubbleshave  
been alreadyisolated，theincrease of flat surface  
exceptforconcaveofairbubblescausestheincrease  
Ofreflectivityasthedensificationproceedswithdepth  
as can be seenin Fig．5b．This suggests that the  
distinctivelowvaluesofreflectivityaround60m，70m  
and90mcouldbe causedbyhighporosity at those  
depths．Thisideawassupportedbythevisualobser－  
Vationandthedensitymeasurement．  

Alley et al．（1982）reported that the coarse firn  
layer characterizedbylargegrains andlow density  
was preserved down to several tens meter depth 
althoughthedifferenceindensitybetweencoarseand  
finefirnatagivendepthdecreasesrapidlywithdepth．  
Itwasalsoreportedthatthesecoarsefirnlayershad  
been originatedinthe top O．2m by the depthhoar  
development（A11ey and Bentley，1988）．Therefore，  
thelowdensitylayerswithlowreflectivityaround60  
m，70mand90minAsukacoreseemtobecausedby  
the anomalous climate condition there at the time  
whenthoselayerswerenearthesurface．  

DuringouroneyearstayatAsukaCamp，Wehad  
three severe storms withsignificant snow deposit．  
Allsnowdepositconcentratedinsummerandautumn  
（i．e．JanuarytoApril）andthisisatypicalpatternOf  
SnOWdepositionaroundAsukaCampaccordingtothe  
available meteorologicaldata records．In winter  
SnOW Seldom deposits and the strong wind packs  
Surfacesnowdensely．   

In this region，anice crust develops very well  
duringlate－wintertoearly－Summer（Fujii，1979；Fujii  
and Kusunoki，1982）．Fujii（1979）investigated the  
mechanismoftheicecrustdevelopmentindetailand  
COnCludedthattheincreaseofdiageneticmasstranS－  
portation duetOincrease of the solar radiationin  
SprlngCauSed the developments of anice crust and  
depthhoarjustbelowthecrust．  
WecarriedoutpitstudiesatsameplaceinAsuka  

CampatAugust1989andFebruary1990．Thecrust  
surface of February was the same one of August  
becauseofnosnowdepositionbetweenthem．From  
thepitobservationsitwasfoundthatthedepthhoar  
belowthecrustinFebruarywasdevelopedstrongly   
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Whereasthedepthhoarlayercouldnotberecognized  
ClearlybelowthecrustsurfaceinAugust．Thisresult  
SuppOrtSFujii’sconclusions．  

Consequently，inthisregionwherethesnowaccuT  
mulationischaracterizedbysummer／autumndeposi－  
tionpattern，COarSefirnlayerwithlargergrain and  
lowerdensitymayberegardedasanannualboundary．  
VerticalthinlinesinFig．4，therefore，SeemtOindicate  
the annualboundaries，Which were determined from  
Wellcorrelated position among density，reflectivity  
andits standard deviation．  

ThisanalysISglVeSuSanaCCumulationrateofO．  
22 m a10fice．From depth－density profile we  
obtained an accumulation rate of O．24m a－10fice  
using the Herron－Langway’s equation（Herron and  
Langway，1980）．Snowstakeobservationforrecent  
threeyearsglVeSaValueforaccumulationrateofO．19  
m a¶10fice．These values arein good agreement  
Withestimatedvaluefromthephotometric analyses．  
Althoughthefurtherinterpretationofthephotometric  
datain terms of grain size，grain shape，internal  
Surfaceareaanddensityisnecessary，thisphotometric  
methodhasapotentialtoinvestigatethestratigraphy  
Oficecoresrapidlyandquantitatively．  
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