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On thesou rceso f t heobs i d i anflakes f r om
someLa tePa l aeo l i t h i cS i t e s i n sou the rnpa r to f

Cen t ra lP r imorye , Fa rEas tRuss i a

A.YOSHITANI!1,N.A.KONONENKO｣),T.TOMODA3),V.K.POPOV１!andl .U.SLEPZOV

IIntroduction

OnSeptemberin２00１,thewritershadinvestigatedintotwoLatePalaeolithicsitesinsouth-

ernpartofCentralPrimorye(Fig.１),asthelnternationalco-work・Astothepurposeofthis

cowork,theresearchfortheobsidianrocksinPrimoryewascarriedoutinordertoclarifythe

sourcespointsoftherawobsidianrocksaswllastheobsidianfragmentsexcavatcdfromthe

Palaeolithicsites・Thetwositesareenteredinthesite-cadasterinRussia,andtheyaregiven

thefo l lowingnamesrespect ive ly ;Novovarvarovka- l ,andMaladozhunaya(Gorvatka-５)

Sites.Thelocal it iesoIthesePalaeol ithicSitesareshowninFig.２.

Novovarvarovka- lS ite iss ituatedattheoutskirtareaofNovovarvarovka,whcreisabout

６kmdis tant towardswests idef romAnuch ino .Anuch ino isseenat the junct ionpo in tof

Arsen ievkaandMuravevkaRivers .Novovarvarovka lS i te isfoundonthe lefts ideterrace

a longArsen ievkaR iver (F ig .１) .Astothevest igesfromNovovarvarovka lS i te , the large

stoneimplementsassuchasfol lows;blade,core,spol l ,scraper,graver,micro-blade.These

stoneimplementswerereportedbyN.A.KONONENKO(1998,2001).Themostofthelargestone

implementsweremadefromdiabasicrocks,onthecontrarythesmal lpebblesizedobsidian

gravels , thatcouldbecol lectedeasi lyfrOmriverbedsnearthesite ,wereusedforthesmal l

stoneimplements(N.A.KONONENKO,１９９８;2001).
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Maradozhunaya(Gorbatka-５)SiteisfoundatthewesternsuburbsofGorvatka,whercis

s i tuatedattheiunct ionofll istavaandMala I l istavaRivers .Thiss i te is Ioundontheterrace

havingaboutl５0mabovethesealevel.N.SAKANASHI(2001)hadreportedonthecxcavatcd

stoneimplementsfromthissite.Accordingtothisthesis,itcanbeclarifiedthatthescstoneim-

plementsweremainlymadefromobsidianrocks(54.2%),andalsoandesites(37.0%).

ThewritershadcollectedsomeobsidianflakesfromabovementionedtwoLatePalaeolithic

Sitesinordertosearchforthesourcesoftheseobsidianflakesbasedonthechemicaldata.

Afterthen｡theseobsidianflakeswerechemicallyexaminedinJapan.

nObs id i anF lakes f romtheS i tes

For thepurposeofresearch ingthesourceofobs id ianrocksfound inPa laeo l i th icS i tes in

PrimorVe,theobSidianf lakeswerecol lectedfromabovementionedtwosites, i .e､ ,Novovarvar

ovka l andMaradozhunayaS i tesTheses i teshadbeena l readyexcava ted , so l a rgema jo r i t y

o f t hesamp l edobs i d i anflakeswe rcsma l l ones i n s i z e , andsma l l amoun t so f samp l e swe re

gathered.Amongtheseflakes,thespecimenwhichcanbeusedforthechemica lanalyseswere

veryfew .Theobs id ianspec imenofbe ingusedforexper imentsareg ivenasfo l lows :

N o v o v a r v a r o v k a - l S i t e : S p e c i m e n Ko . R NB 1 , RNO1 To t a l２ s amp l c s .

Ma r a d o z h u n a v aS i t e : S P e c imenNo . RMA - 1～７ ,RMO l～４To t a l l l s amp l c s .

Theseobs id iansampleswere ,ofcause ,co l l ec tedfromtheexcavatedvest igesesofs i tes .

Amongthesesamples , threesamples , i . e . ,RMA1～３,arera therb ig ins i ze ,however therest

ofthemaresmal l .Theobs id iansamplesfromthes i tesexh ib i tveryhardanddarkb lue ishgray

inco lour、andtheyhaveh igh indec ies・Theyseemtobebasa l t icg lasses incompos i tonAny

personcannotfindout theobs id i an rocksshow ing thesed i s t i nc t i ve fea tu res inJapanGsc

Is landsata l l .

Tab l c l SomcComponen l so f JG l

T-Fe203(wt%)Na20(wt%) K２0(wt%) Rb(ppm) Sr(ppm)CaO(wt%)

2.18 １８２．００ １８４．００２．２０I ハ １Ｊ Ｌ スー ’ 9.38 3．９８

３



mChemicalExperimentandResults

Ast()theobsidiansamplesfromthesitesinPrimoryc,theywerercducedtopulverizcdspeci-

menin２()0～300meshinsizebyuscoIW-Cmortar, inordertoanalyzcthesespecimenchemi-

cal ly・Forthechemicalexperiments,thefol lowingapparatuswercuscd;WaveDispersivcX
-RayF luo rensenccSpec t romete r (WDX)andEncrgyD i spers i veX -RayF luo rensence

Spectrometer (EDX) .Astheotherapparatus ,E lectronProbeMicroana lyzer (EPMA)and

AtomicPi leweresometimesusedincaseofneed.

Thechemicalcompositionsoftheobsidianspecimenweredecidedbyusingstandardmate-

r ia lsuchasJG1(powderedgranodioritespecimen),ofbeingarrangedbyGeologicalSurvey

o f Japan .By theway, somechem ica l e l emen tso f JG l a reg i ven i nTab l e l .

Thechemicalanalyscsdata,astheresul lsofexperimcntsthroughWDXandEDX,aregiven

inTables２and３.Hcrc,asfortheaccuracyofthechemicalexperiments,measurementerror

wil lbccountedwithin±５%,andthcerrorrangeshowsnormaldistribution・Accordinglyany

statisticsdeductionmethodswillnotbcnecessal-I-,Bascdonthechemicalanalvsesresults,the

mutua l re l a t i onbe tweenRbandSrc ( )n l en tsbymeanso IWDXmethod i sshown inF i９ .３

JLldgingfromthcinterrclat ionbetweenRbandSl･contcnts,thespecimcncanbedividedinto

thrccgroups.Thespecimen,numbercdRMA２,isconst itutedonegroupindependent ly・And

theres to f thesespec imcn , i . e . , lOspec imenf rom l l a radozhunayaS i tea red i v ided in to two

groupes(Fig.３).

Bes idcs ,owingtothere lat ionsh ipbetweenBaandSrcontentsbyEDXmethod , theos id ian

spec imena r e ab l e t obed i v i d ed i n t o５ t ) - p e s a s s hown i n F i g . 4 , s u ch a sType l～V.Among

theobsidianspecimenfromMaradozhuna)-aSite ,８specimen,RMA４～７andRMO４,belong

t o Ty p c l , a n d a s t ( ) t h e o t h e r s p e c im e n , RMA l i s c l a s s i f i e d t o Ty p em , RMA -２ t o Ty p eW,

RMA３a l so toTypcV.Bcs ideS ,RMO l～３cons t i t u l c toTypen . Fu r the rmore , t he twospec i -

men , t h a t a r eRNB- l andRNO- l co l l c c I cd f r omXo I ･ o I ' a r v a r o v ka - l S i t e , b e l ong t oTypen .

Here,１hcthreespecimen,RMA-ｌ～３,werereducedtopowderedoncsfr()mmorelarge()bsid-

ianflakes.

T h c r c s u l t s o f t h e c x am i n a t i o n o fWDXandEDXa r e s omewha t d i ff e r e n tw i t h e a c h o t h e r

Espec ia l l yBacontentsareshownseve l -a l l ] - ,howe l -er thereasonwhyBacontentshavcsuchd i -

v e r s i t i c sw i l l b eno t ab l e t obec l a r i fi edw i t hou t fie l d su r v e v s i nde t a i l s .

T h e r c u p o n , t h ew r i t e r s h a d t a k e n r a w o b s i d i a n s amp l e s a t t h e b a s i n o fl l i s t a y a R i v e r a s

showninF i９．２.ThesGsampleswerea lsoexaminedforchemica lana lvsesassameasthef lakes .

T h e ch em i c a l c ompos i t i o n d a t a o f t h e r awob s i d i a n s amp l e s a r e g i v e n i n Tab l e s 4 and５ .

- ４



Tablc２TheChcmicalCompositionofThe()bsidianfr()m
TheSi lcs(WDX).Oxis idesareprescntedinwt%

SpecimenNo

rable3ThcChemicalComposit ionofThe()bsidianfrom
TheSites(EDX).OxiSidCsarepl-esCntedinwt%

’

口
’０

５

Na2０ K2０ CaO T-Fe203 Rb(ppm） Ｓｒ(ppm）
RMA-1
RMA-2
RMA-3
RMA-4
RMA-5
RMA-6
RMA-7
RMO-1
RMO-2
RMO-3
RMO-4
RNB-1
RNO-１

2.625
2.995
2.489
2.778
2761
3.041
2.651
2.801
2.741
2.677
2.６８７
２．７６５
２７０２

0-291

0.405
0.404
0.215

0.271
0.367
0-412

0.373

0.401

0.431
0.423
0,435

0.348

7.958
7.216
7.831
7.775
7.949
7.382
7.669
7.174
7.311
7.356
7.387
7.２９９
７．１９８

１１．１０２

１０．１９７
１１．５２１
１０．７３２

１０.９２１
１０．４１６
１０．６８６

１０．１４１

１０．３０４

１０.４３１
１０-３７４
１０．５３７

１０．１１１

1 ７ ２ １ ２
１ ８ ２ ８ １
２ １ ２ ３ １
１ ８ ２ ０ ３
２ １ ２ ０ １
１ ９ ２ ３ ４
１ ９ ２ ２ ８
２ １ ２ ４ １
２ ２ ２ ３ ６
２ １ ２ ４ ３
２ １ ２ ４ ３
２ ２ ２ ４ １
２ １ ２ ４ ２

SｐｅｃｌｍｅｎＮｏ

RMA-1

RMA-2

RMA-3

RMA-4

RMA-5

RMA-6

RMA-7

RMO-1
RMO-2
RMO-3

RMO-4
RNB-1
RNO-１

T-Fe,０１
Ｌ も 』

4.731

4.694

5.087

4841

4.854

4.488

4.777

4.625
4.874
4.７７５

４．７５１
４．５０３
４．６１１

MnO

０．０７５７３-１

０．０７３７７．６

０．０７７７９．７

０-０７３７２．６

０．０７６７５．６

０．０７１７４．４

０．０７６７６．１

０．０７１７４４
０．０７４７４．４
０．０７２７４-９

０．０７２，７４．７
０．０６７７４９
０．０７１７３．５

Rｂ Sｒ

205.1

235.9

216.1

204.2

203.3

207.8

2121

211.5
219.5
21Ｑ1

212.1
208.2
210.2

Zｒ

95.9

00.1

01-3

94.1

95.8

94.7

96.2

94.7
96.8

94.7
96.5
95.4

95.1

１

１

Ｙ

23.2

23.5

24.2

23.1

23-3

22.9

23.2

23.5
23.8

23.3
23.6
22.5

23.4

Bａ

２１１．４Ⅲ

2 9 9 . 9 Ｖ

3 2 3 . 8 Ⅳ

2 0 6 . 3 1

2 9 4 . 7 1

2 7 9 . 6 １

２８１．４1

2 3 3 . 5 Ⅱ
2 4 1 . 8 Ⅱ

2 4 1 . 3 Ⅱ
2 9 6 . 9 1

2 9 5 . 2 1
2 9 0 . 7 １

Type



Ba-SrDiagram(EDX)350-0

Rb-SrDiagram(WDX) )TypelVｎ Ｆ
と｡

／一～
/o車。

I・邸。
300.0

稀も |｢ypev
伝、2０ い

、 ー

（車／
つ ／
／

Ty p e l

００５２

へ匡旦口）⑯画

〆

:画１ 」

（三旦旦）二筐

／

、一〆'TypeⅡ

風"．200-0
1０

ｅｔＩ

ｅ

Ｓ
‘
ｔ

ｌ

Ｓ

ａ０
ｋ
ａ

Ｖ
Ｖ
Ｊ

Ｏ

ａ

ｒ

ｎ

ａ

ｕ

Ｖ
ｂ
ｈ

ｒ

Ｚ

ａ

０

Ｖ
-
ｄ

ｏ

ａ

Ｖ

ｌ

Ｏ

ａ

Ｎ
旧
叩
附

な
？
○軍Novovarvarovka -1S i te

OMa l a d o z h u n a y a S i t e
150.0５

150.0 2 0 0 ０ 2 5 0 . 0
Sr(ppm)

300.0 300.0150.0 2 0 0 . 0 2 5 0 Ｏ
Sr(ppm)

Fig.３ThcRb-S１-I) iagl･am(WI)X) F i g . . I T h cBaS I ･D i a g r am (EDX

WDiscussionandConclusion

AsshowninF ig．２,thewr i tershadco l lectedtherawobs id ianrocksat theupperreaches

basinofll istaVa,ArsenieYkaandMuraI -c I -kaRi l -ers .ThesGsampleswerealsochemical lvana-

l y zedforpursue ingthe i rchemica lcompos i t i ondata .Theexper imenta l resu l t sa reg i vcn in

Tab l e s４and５asa l r eadymen t i oned .The i n t e r r e l a t i onsh ipsbe tweenRbandSrcon ten t s

(WDX) , anda l soBaandSr (EDX)a red i ag rammed inF igs .５and６.Here , a s fo r thespcc imen

RW1 , i t s po i n t c anno t f i nd i nF i g .５ ,because i t sS r con t en t i s v c r yh i ghand i t spo i n t s ca l e s

ou to f t he r ange i nF i g .５ .

InordertosDec i fvthesourcepo intso I theobs id ianrockswhichweremater ia lsoftheflakes

｢romthes i tes , thechemica l featurcsofbothofrawobs id iansamplcsandtheobs id ianf lakcs

a reexam ined .As i l l u s t ra tcd inTab le３andF ig .５ , i t canbcc l a r i f i ed tha t theor ig i na l sourcc

p( ) i n tsof theobs id ianf l akesf r ( )mthes i tes ,w i th theexcept ingofRMAl～３,arefound in thc

upperreachesbasinsofl l istaya，ArscnievkaandMuravcvkaRivers.

Asprev ious lydescr ibed ,1heobs id ianspec imensuchasRMAl～３werearranged inorder

toana l i z echem ica l l y f romthemore l a rgeobs id i anflakes than the theo the rs .The re fo reas

N.SAKANASHI(2001)pointedout, i tcanbeest imatedthatthcseaboI-ementionedthreeobsid-

i anflakesweremadef romb ig rawobs id i an rocks tha thadbeenbrought i n f romsomewhere

cxcept ingofbas inofl l is tayaRiver inPr imor, -ereg ion ,wherebasa l t icrocksaredistr ibuted in ,

６ -



Table4TheChemicalCompositionofRawObsidian(WDX)
Oxisidcsarepresentedinwt%

-

||$…｡･I'･,0｢M｡||’ T-Fe203 Rb(ppm) ’ ’SpeciSpecimenNo Na2０ K20 CaO Sr(ppm)pm)
RIR-１
RIR-２
RB-1
RC-１
RC'-１
RC'-２
RE'-１
RG-１
RG-２
RJ-１
RK-１
RK-２
RL-１
RL-２
RL'-１
RM-１
RM-２
RN-１
RN-２
RO-1
RQ-1
RO-2
RR-1
RR-2
RS-１
RS-２
RT-１
IRW-1
|RU|-4

RIR-１
RIR-２
RB-1
RC-１
RC'-1
RC'-２
RE'-１
RG-１
RG-２
RJ-１
RK-１
RK-２
RL-１
RL-２
RL'-１
RM-１
RM-２
RN-１
RN-２
RO-1
RQ-１
RQ-２
RR-１
RR-２
RS-１
RS-２
RT-１
RW-１
RUI-４

２．９０４
２．９１６
２．８３９
２．９８２
２９１４
２８８６
2715
2.867
2.878
2.731
2.931
２９３１
２．７５１
２７８７
２．７４８
2833
2.728
2.651
2.624
2.463
2.463
２４４９
２．５７７
２７７４
２７０８
2741
2.764
2.483
2.362

０．３６６
０-３４９
０．３６８
０．３６９
０．３４４
０.３５５
０.４２５
０．３５４
０.３６５
０.４４３
０.３９９
０.３５４
０．４４３
０.３６５
０-４１３
０．３８１
０.４６１
０．２６１
０．２４９
０.４２５
0.321
0.445
0.431
0.349
0.425
0-428
0.418
0.575
0.414

１９
１８
１９
２１
２１
１９
２０
１８
１９
２１
２２
１９
２１
２０
２０
２１
２１
２０
１８
２２
１９
２２
２１
１８
２１
２０
２０
２１
２１

２５４
２３７
２３８
２３７

２４１
２４２
２３９
２３４
２３６
２４７
２８７
259
243
237
242
239
243
196
198
227
208
230
237
233
241
243
240
367
246

2541
２３７
２３８
２３７

２４１
２４２
２３９
２３４
２３６
２４７
２８７
259
243
237
242
239
243
196
198
227
208
230
237
233
241
243
240
367
246’

７-
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叩
Ｉ
Ⅱ
Ｉ
Ⅱ
Ｉ
Ｉ
Ｉ
Ｉ
Ⅱ
Ⅱ
Ⅱ
Ｉ
Ⅱ
Ⅱ
Ｉ
Ｉ
Ⅱ
Ⅱ
Ｉ
Ⅲ
Ⅱ
Ｉ
Ⅱ
Ｉ
Ⅱ
Ｉ
Ⅵ
Ⅶ

ｅ千
１

Ba
ﾉ 、(ppmノ

Ｙ
(ppm)

７ｒ
- １

' 、

(ｐｐｍノ

Rb
ﾉ ､(ppmノ

Sr
ノ 、

(ppmノ
MnOT-Fe203

23.6291.5
22.9219.7
23,4282,3
22.9203.7
23 . 52922
229275 .2
23.3241．6
23.2286.9
24.1224.7
22.4242.2
２２８２２７．８
23.1286.5
23.3239.6
23-6233.9
23.8297-3
23.3298-9
２３-１２１５．９
22.9223-7
２２．４２９１．４
23.1252.5
23.5244.4
23.2295.9
23.2244.5
23.1304.3
22.3234.2
22.9289.2
23.1324.5
17フ’599１

Ｉ
Ⅱ
Ｉ
Ⅱ
Ｉ
Ｉ
Ｉ
Ｉ
Ⅱ
Ⅱ
Ⅱ
Ｉ
Ⅱ
Ⅱ
Ｉ
Ｉ
Ⅱ
Ⅱ
Ｉ
Ⅲ
Ⅱ
Ｉ
Ⅱ
Ｉ
Ⅱ
Ｉ
Ⅵ
Ⅶ
’

223.3
213.6
209.7
２１３-４
２１６．９
208.7
２１６-８
２１３．７
２１３．９
２１３．６
224.3
２１８．９
２１６．１
２１６．８
２１２１
222.1
200.8
205.8
２０４８
１９８．４
２１４-５
２１８．９
２１３．６
２１８５
２１０.８
２１２．６
250.3
239.1

98.9
95.6
96.2
95.3
97.4
93.8
96,8
96.8
96.9
95.4
98.2
９７．１
９６．９
９５．８
９８．１
９７．７
９３．７
９２．７
９４．９
９５．１
９８-４
９５．７
９６-４
９８．２
９６．９
95.2
102.9
７７．２
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75.6
76.1
75.2
75.5
742
77.１
７４２
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７５-７
７４９
７３．４
７７．１
２７．５

76.4
75.6
76.1
75.2
75.5
742
77.１
７４２
７６．５
７３．９
７５．２
７４．８
７４．９
７７．１
７７．２
７３．５
７１-４
７３．２
７４．３
７２．１
７７．４
７８．１
７４３
７５-７
７４９
７３．４
７７．１
２７．５

０.３１７１０.０７４

’4．５３１１０．０７１
4.５３５1０_０７１
4_６４９１０．０７２
４７１８１０.０７４

’ 4．４１２１０．０６９
4.７５９１０.０７６

｜４．５６３１０0７３
4．６５２１０．０７４
４.６２８1Q０７３

’！４３７８１０.０７１4．５１９１０．０７２
4.６０９１０.０７３
４．６６８１００７１
4.５１５１0０７２
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4．８１５１０.０６９ ’
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’4．６５９１０．０６９
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4．９１４１０．０６９
4.８４４１０.０７１
4.９１１１０.０７３
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４５２１１０．０７１
4．５５９１０．０６８
4．５１３１０．０６７

’1０.４６７１０.０９３

-８

SｐｅｃｌｍｅｎＮｏ

ＲｌＲ-１
ＲｌＲ-２
ＲＢ-１
ＲＣ-１
ＲＣ'-１
RC'-２
ＲＥ'-１
ＲＧ-１
ＲＧ-２
ＲＪ-１
ＲＫ-１
ＲＫ-２
ＲＬ-２
ＲＬ'-１
ＲＭ-１
ＲＭ-２
ＲＮ-１
ＲＮ-２
ＲＯ-１
ＲＱ-１
ＲＱ-２
ＲＲ-１
ＲＲ-２
ＲＳ-１
ＲＳ-２
ＲＴ-１
ＲＷ-１
ＲＵＩ-４
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furthermoretheseobs id ianf lakesshowingbasa l t iccompos i t ion・Itmaybeofferedthatthe

o therobs id i anflakesweremadef romsma l l r awobs id i angrave l s tha tcou ldbe takeneas i l y

fromriverbedsnears ites

Astheconclusion,theobsidianflakescol lectedfromtwoLatePalaeol i th icSitesweremade

fromtwok indsofrawobSid ianrocks ;onewassmal lgrave lso[be ingtakenveryeas i l y f rom

riverbedsneartheSitesandtheotherswererather largeobsid ianrockscarr iedfromsome-

whatdistantregioninCentralPr imorye.Furthermore,bothoftheobsidianflakesandtheraw

rocks , theyshowbasa l t i c incompos i t ionw i thoutexcept ion .Thecxper imenta l resu l ts for

chemica lcomposi t ionoftherawobsid ianrocksandtheflakescol lected ins( )uthernpartof

Cen t r a l P r imo rye , a r eneve rcon t r ad i c to r y to theda tamen t i oned i n theda ta -book (Fa r

EasternGeologicallnstitute,2000)

SomeoneeverhadpointedoutthattheobsidianfragmentsfromsomePalaeol i th icSites in

Pr imoryehadbeenbrought infromHokkaido,Japan(MORI ,1989) .Forreference,chemica l

composit iondataoftheobsidian,ofbeingsampledfromthetypicalsourcesinHokkaidosuch

asShiratak iandAka igawaareg iven inTab les７.Bes ides , the interre lat ionsh ipbetweenRb

andSrcontentsoftheobsidianrockssampledfrombothsouthernpartofCentralPrimoryeand

- ９ -
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Hokkaidoissh()wninFig.７.Owingtothescanal}･sesdata,anypersoncannotfoundtheobsid-

i an rocks , as l i k cas theoncs i nsou thcmpar to fCen t ra lP r imorye , ca r r i ed f romJapanesc

Islands,cspecial lyfromHokkaidoatleast,
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ﾉﾗ･占'y:と|｢I然科･'1と節:l７)j･n本文化Mｲ．科･';と会維 １１２１，１

ロシア・中部沿海州の南部地域に分布する後期旧石器遺跡
から採集された黒曜岩フレイクの原産地について

吉谷ll{{彦!、。ニーナ．コノネンコ』｣・友111fi･MA:})･

ウラジミール．ボボフ１．イーゴリイ．スレプッォフ

l)烏収'li湖山町附２丁目147-21

２）ロシア・科'､jf:アカデミー極東支部，歴史．碁,li・民族学械束研究所，ウラジオストック

３）旭川市教行委員会

４）ロシア・科学アカデミー械束支部，地面学極東研究所，ウラジオストック

２００１年に国際此111!淵査として,１|１部沿海州の南部地域に存ｲ|§する２つの既に発掘された後期|Hfi

器遺跡を洲在し，そこからM{(llfY}フレイクを採集した。これらのフレイクのlj沖ｲであるj,I,{ll{I!岩の脈ﾉ唯

地を，化'､j〆2分析にｊILづいて求めるためである。

黒llil端フレイクを粉水試料に1淵整し，蛍光Ｘ線分析装i儲を，また必要に応じてＸ線マイクロアナ

ライザーや原子力iを川いて分析を行った。分析結果によって黒Hｲ１輪試料は,RbSr含ｲj̅&３つのタ

イプ(IxI3)に，またBa-Sr含打量では５つのタイプ（図４)に分けられることがりlらかにされた。

さらにイリスタヤ川，アルセーニェフカ川およびムラヴェイカ川のｔ流地域で，黒曜瑞の原石を収集

した。これらの腺ｲiの多くは河床礫である。黒曜岩脈ｲiについても分析を行った。

黒I樅瑞原石はRbSr含有岐で４つのタイプに，またBaSr含ｲ1量で５つのタイプに分顛されるこ

とがIⅢらかにされた。照曜岩のフレイクも１%(ｲiも共に玄武岩質の糸ll成を示しており，日本ﾀl1島ではまっ

たく兇l1lせないものである。

黒ll{I鉛フレイクのli(材であるｌj(石の1%(雌地は，過跡に近い川の河床礫であると言うことが明らかに

された。しかし，辿跡で得られたやや人きな1.1､ﾘ曜瑞ｌj(ｲiは，沿海州のどこかすこし離れた場所からも

たらされたものであると，樅!術された。
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