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Glass bead / X-ray fluorescence analysis of 42 components in silicate rocks
Kenichi NAKAYAMA

Department of Applied Chemistry, Meiji University, 1-1-1 Higashimita, Tama-ku,
Kawasaki, 214-8571, Japan

Abstract
Fused glass beads with Li,B4O; were applied to determination of 42 elements (Na, Mg, Al, Si, P, K,
Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Rb, Sr, Y, Zr, Nb, Sn, Cs, Ba, La, Ce, Pr, Nd, Sm,
Gd, Dy, Er, Yb, Hf, Ta, W, Pb, Th, and U) in silicate rocks using X-ray fluorescence spectrometry.
Low-dilution glass beads with 1:1 sample-to-flux ratios (called 1:1 glass beads) were prepared
using double fusing method, which uses two heating stages with intervening cooling to room
temperature. Pulverized rock samples of less than 20 pm modal diameter enabled us to prepare
homogenous 1:1, 1:2, and 1:10 glass beads. Homogeneities of the low-dilution glass beads were
tested using elemental mapping of fluorescent X-ray intensities. Calibration curves of the 42
elements showed good linearity (r = 0.991-1.000). The lower limits of detection, corresponding to
three times the standard deviation for blank measurements, were 1.6-58 mass ppm for major
components (Na,O, MgO, Al,O3, SiO,, P»0s, K50, Ca0, TiO,, MnO, and Fe,03) in 1:10 glass
beads, 0.2-0.5 mass ppm for Rb, Sr, Y, and Zr in 1:10 glass beads, 0.3—6.0 mass ppm for minor
elements (V, Cr, Co, Ni, Cu, Zn, Ga, As, Nb, Ba, W, Pb, Th, and U) in 1:2 glass beads, and 0.7-8.9
mass ppm for trace elements (Sc, Sn, Cs, Hf, Ta, and rare earth elements) in 1:1 glass beads. Using
this method, we determined 42 components in granitic and rhyolitic rocks from Japan. Obsidian
samples, such as Shirataki and Oketo (Hokkaido) , Kirigamine (Nagano), Himejima (Oita), and
Koshidake (Saga), were assayed. Source identification of obsidians from Japan was tested using

scatter diagrams.

Key words: X-ray fluorescence spectrometry, glass bead, low-dilution, rare earth element,

pulverization, particle size, obsidian, provenance study.

* All inquires should be addressed to:
Professor Toshihiro Nakamura, Department of Applied Chemistry, Meiji University, Kawasaki,
214-8571, Japan
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72750, DWICES TGN REFENRBONDIEDICEALEORBHRELE D ITIX
M»T., FEBMERSTROEELRETHD, HTRAKESTOFEES S 7 X< K
FRNSW, FEEE TS 7 AEELSWTIL. BAPOMERS TROERICLISHANWD S
EThsd, ThHRERETHELODO, MR o7 Vs> Y L oM
REBENVETHY , BHE ORI EZLET AHESICITE L TRy, e, £ EHR



PEETHICE GRENLERISVEVZED) BEL2HFREBERLETHY , BROFGKR
7Pl EEREPARRENTRDIBNBIEFITRKEN,



1-3 ®3X X BOWE

#HE X BOPiE. ¥ ppm BEOHMERDTREID 100% ITNERDITLHRE T, £
KEFWENICERTE S, REFARIEBNEETHY . BEFOERSITROERIC
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2-2-1 EE

HETOREOERICIE., BEABREE X BOPERE (Rix 3100; Rigaku) Z AV iz,
2 Ry 4 FUBO Rh B (kW) Z#E L, BEE 50kv, BEIR 80mA TEMEL
Fo BT, v FL—a sy F—E PR HA (Ar90%-CH, 10%) % 50 cm’
Cmin? CRLETuR—aFAn v —eRvic, BEXBRORERNEZ Table1 1R
R

HT A~ FOHEEZFMT 57202, BRSBEEE X SOTEE (ZSX 100e;
Rigaku) Z AW TRE -y U7 2H/E Lz, £, AAREBOESHCITBE RS
(B-1200; Branson Ultrasonics) % . & O ITELHAR —/L IV (P-6; Fritsch) & A /U
BIZEE 250ml). A/ TEA— L%, REFERLEEHROLRTITIBBRI (KS-1501;
Advantec Toyo Kaisha) % . BAMEKOROBEIITEEMETHME (JSM-5400; JEOL)
RV, BAEMERORENMIT, 02% ~¥Y A XY BT R U AKEKRE SRR
FV, EmOTRRIE et (SA-CP3L; Shimadzu) CHIE L7z, REHAIEEN 7 A — R Sc,
Ga, As, Sn, Ta, Th, U OBEREHFRMT 572012, BEAIEXNY A 70~y | (Pipetman
P-100; Gilson) Z# /=, 7 AE— R, Pt 52IF (CS-2 B, Pt 95% —Au5%) FT. &
JE I N #AE B - (Bead Sampler NT-2000; Nippon Thermonics) & AV THER L7z,
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HI 2 — FERRBOT7 VA Y @ANZIE, 8KkEFR VY F7 5 (LiBsO; Spectromelt
A10; Merck) 2 V-, BREREEN T A — FOERIZIT, FRELIETERICEC IR
K (NayCOs, Mg0O, AL, O3, Si0;, NasP,07, KCl, CaCO;3, TiOs, V20s, Cry03, MnO», Fe 05,
CoC,04*2H,0, NiO, CuO, ZnO, RbC], SrCOs, Y,03, ZrCLO - 8H,0, Nb,Os, CsCl, BaCOs, La;0s,
CeO,, PreO11, Nd203, Smy03, Gdy03, Dy, 03, Er,03, Yb,03, HRO,, CaWOy4, PbO, Th(NO;3)4, U3Os)
&L BETFREFHESHRO 1000 mg ml” EEHEFFHE (Sc, Kanto Chemical Co. Inc.; Ga, Ta,
Wako Pure Chemical Industries Ltd.; As, Sn, Junsei Chemical Co. Ltd.) Z# H\ 7z, 1:1 KA&ARY
52— ROERIZIT, FEERE LTHEILY 57 5 (Wako, 99.9%) 2z, AEROE
B&M-% Table2 IZ7°7,
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mraREh k. BEW R/ NERERSCE (KBK020427), BB R G EERIESR (FRT020427),
KRR ERE (IND030305), REEEREE S (MKB030305), KIRRMSIERIL
TERE (AMB030305) %MV iz, # 100 g OAEBARE (BLEREEIRL) 2~y <—T
B BEORR— A I TEBFEL.BEXIFEF T 600°C, 1 h #8 L 7-, BMbibmeE 1T,
BMERYBRWER, R—A I CHEREL, EXRFEP T 600°C, 1 h #E L7,



T, AREEED 28 A7 ZFEELE (Table3), ¥ 7°. BREGE2 2 ~— O L.
FEOKIE (RALES) ENMOBAT T E TELRETROBRW, ZOHETRSOR
A 30-50g ., N —THK 5-10mm BEE CHERLEER., T3 FRHOWEE Y,
BERWTKH 1-2mm BEE THBHRL., SOEELMMEA—ALINVERAVWCERBAELE
OF— FED 20pum LLTICR5F THRMF: L, BRAEHEIL, 600°C T 1h B,

SHTEDOHED S ZHAET 272012, [BHEFER GREOEEBIITR AT ERE
BEEZ—) BITOBAEERE 4 A (ERBRRCS 1G-1a, 1ERRRE IG-3, ks
JR-2, Fikla JR-3) ZRWz, Zh b OB REERERIT, HRETICEOEE 600°C T 1
h L%, IR — ROERIZHAWE,

22-4 HSRAE—Fn#H

HAMNATERY FUA (1:10 H#7AE—F (Fig.1-1) T 4.0g, 1:5 T 35g, 12 T 3.0
g 1:1 T 22g) LHRLEARE (1:10 T 04g.1:5 T07g.12 T 1.5 g. 1:1 T 22
g) ZIRE L. 111 EHRY T A v — FMERIBHZIIRIBER O LiCl % 0.02-0.04g ML=,
ZDEREWME Pt D OIKICAN, EEBEFHEMEEERE L AT 800°C T 120s FINEL
#. 1200°C T 120s ML=, ZDREWE. 1:10, 1:5,1:1 F 7 A& — FEREICIX
1200°C T 120s, 1:2 H 7 A ' — FEREFIZIZ 1200°C T 300, 8 LRB LB LT,
Ll AT AE— Fid, 2 ORMYE —ERERES CAR. 752 b L. TRMAT S -
&72< 1200°C T 120s FMEL, 1200°C T 300s FEENEL 7= (Fig. 1-2), fERLE=H S
A — Fid, BEETAR, TV 7r—F—FIRFELE,



Table 1 Instrumental conditions of X-ray fluorescence analysis using Rigaku Rix 3100

Analytical Peak angle/ Background angle/

(Counting time/s)

Filter Slit Crystal  Detector (Counting time/s)

line degree degree
Na Ka Coarse TAP(001) PC" 55.20 (80) - 53.15 - 56.65 (40-40)
Mg Ka Coarse TAP(001) PC 45.25 80) 44.20-47.10 (40-40)
Al Ka Coarse PET(002) PC 144.70 (40) 140.75 -147.00 (20-20)
Si Ka Coarse PET(002) PC . 109.05 (40) 106.10 -111.75 (20-20)
P Ka Coarse Ge(111) PC ' 141.10 (80) 139.60 -143.40 (40-40)
K Ka Coarse Ge(111) PC 70.00 (40) 67.50 - 72.05 (20-20)
Ca Ka Coarse Ge(111) PC 62.00 (40) 60.25 - 65.00 (20-20)
S¢ Ka Fine Ge(111) PC 55.45 (200) 54.93 - 57.86 (200-200)
Ti Ka Coarse LiF(Q00) SC 86.12 (40) 85.42 - 86.98 (20-20)
V Ka Fine LiFQ200) SC 76.95 (100) 76.19 - 77.90 (100-100)
Cr Ka Coarse LiF(200) SC 69.34 (80) 68.56 - 70.07 (40-40)
Mn Ka Coarse LiF(200) SC 62.96 (40) 61.98 - 63.92 (20-20)
Fe Ka Coarse LiF(200) SC 57.52 (40) 56.04 - 59.20 (20-20)
Co Kp Coarse LiF(200) SC 47.48 (500) 46.80 - 47.86 (500-500)
Ni Ka Coarse LiF(Q200) SC 48.66 (80) 48.11-49.28 (40-40)
Cu Ka Coarse LiF(200) SC 45.02 (80) 44.46 - 45.54 (40-40)
Zn Ka Coarse LiF(200) SC 41.79 (80) 41.26 - 42.38 (40-40)
Ga Ka Coarse LiF(200) SC 38.91 (80) 38.51-39.38 (40-40)
As K§ Cu Fine LiFQ00) SC 30.49 (500) 29.57 - 31.02 (500-500)
Rb Ka Coarse LiF(200) SC 26.62 (490) 25.87-27.29 (20-20)
Sr Ka Coarse LiF(200) SC 25.14 (80) 24.30 - 24.71 - 25.60 - 26.18 (40-40-40-40)
Y Ka Coarse LiF(200) SC 23.78 (40) 23.12-24.48 (20-20)
Zr Ka Coarse LiF(zoh) SC 22.54 (40) 21.82-23.21 (20-20)
Nb Ka Cu Fine LiF(200) SC 21.39 (80) 21.03 - 21.71 - 21.77 (40-40-40)
Sn La Fine Ge(111) PC 67.02 (1000)
Cs La Coarse Ge(111) PC 52.72 (500) 51.72 - 53.56 (500-500)
Ba La Fine LiF(200) SC 87.17 (200) 86.82 - 87.84 (200-200)
La La Fine LiF(200) SC 82.88 (200) 82.32-83.53 (200-200)
Ce La ) Fine LiF(200) SC 79.00 (200) 78.25 - 79.87 (200-200)
Pr LB Coarse LiF(200) SC 68.22 (1000) 67.44 - 68.82 (1000-1000)
Nd Lg Coarse LiF(200) SC 65.10 (200) 64.68 - 65.64 (200-200)
Sm LB Coarse LiF(200) SC 59.45 (500) 59.11 - 60.04 (500-500)
Gd La Fine LiF(200) SC 61.10 (500) 60.18 - 61.64 (500-500)
Dy LB Fine LiF(200) SC 50.26 (500) 49.97 - 50.53 (500-500)
Er LP Fine LiF(200) SC 46.44 (200) 45.54 - 46.83 (200-200)
Yb La Fine LiF(200) SC 49.03 (200) 48.18 - 49.65 (200-200)
Hf LB Fine LiF(Q200) SC : 39.93 (200) 39.69 - 40.18 (200-200)
Ta La Fine LiFQ200) SC 44.40 (200) 43.97-44.72 (200-200)
W La Fine LiF(200) SC 43.04 (200) 42.71 - 43.46 (200-200)
Pb LP Coarse LiF(200) SC 28.23 (100) 27.85-28.63 (100-100)
Th La Fine LiF(200) SC 27.45 (100) 27.13-28.12 (100-100)
U La Fine LiF(200) SC 26.11 (100) 25.75 - 25.86 - 26.33 (100-100-100)

a. PC, Proportional counter. b. SC, Scintillation counter.
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Table 2 Drying conditions of reagents

Reagent Temp:rature/ Time/ Reagent Temperature/ Time/ Reagent Temperature/ Time/
C h °C h °C h
Na,CO; 600 8 NiO 500 2 CeO, 800 2
MgO 500 2 CuO 500 2 PriOy; 800 2
ALO; , 500 3 ZnO 400 2 Nd,0, 800 2
SiO, 500 3 RbCl 300 1 Sm,0; 800 2
Na,P,0, 500 4 SrCO; 300 1 Gd,04 800 2
KCl 600 3 Y,0; 300 1 Dy,0; 800 2
CaCO; 500 4 ZrCl,0-8H,0 210 1 Er,0; 800 2
TiO, 500 2 Nb,O; 500 2 Yb,0; 800 2
V.05 500 2 CsCl 500 2 HfO, 800 2
Cr,0, 500 2 BaCO, 500 2 Cawo, 500 2
MnO, 1000 15 La,0; 800 2 PbO 400 2
Fe,0; 500 3
Li,B,0, 700 8 LiCl 300 1




Table 3 Obsidian samples from Japan for the determination of 42 components

District Source Symbol Location North Latitude East Longitude
Kirigamine  Takamatsuzawa TKMO021203 Wada village, Nagano 36°09'30"" 138°10'37"
Hoshigato Fuyo HSG970914  Shimosuwa town, Nagano 36°08'06"" 138°08'35"
Makigasawa MKU021202 Wada village, Nagano 36°09'12" 138°11'05"
Budosawa OBD021202 Wada village, Nagano 36°08'52" 138°10'48"
Hoshigato Rindo-waki  HRWO020815 Shimosuwa town, Nagano 36°07°27" 138°08'52"
Hoshigato Rindo-toge HRT020815 Shimosuwa town, Nagano 36°07'39" 138°08'33"
Kobukazawa KBK021203 Wada village, Nagano 36°09'00" 138°08'59"
Hoshigato Kitagawa HKP020815 Shimosuwa town, Nagano 36°07'39" 138°09'33"
Takayama TKY000528 Nagato town, Nagano 36°08'28"" 138°12'45"
Higashimata HFP991216 Shimosuwa town, Nagano 36°08'06" 138°08'35"
Shirataki Oropirika MOR030622 Maruseppucho town, Hokkaido 43°57"29" 143°10'57"
Horoka SHHY990922  Shirataki village, Hokkaido 43°55'49" 143°09'39"
Denpunsawa STD990922  Shirataki village, Hokkaido 43°53'43" 143°09'24"
Ishizawagawa ST1020811 Shirataki village, Hokkaido 43°53'10" 143°10'07"
Oketo Tokoroyama 00T990923 Oketocho town, Hokkaido 43°49'32" 143°31'08"
Tokachi Asahigaoka ASRO020823  Asyorocho town, Hokkaido 43°21'04" 143°20'44"
Yatsugatake Futagoike FTGO020915  Saku town, Nagano 36°05'38" 138°20'26"
Mugikusatoge MGB020914  Yachiho village, Nagano 36°03"20" 138°21'10"
Shirakoma SRK020914 Koumi town, Nagano 36°02'32" 138°23"23"
Tsubetayama TBTY990710  Chine city, Nagano 36°02'13" 138°18'34"
Kozushima  Nagahama NGH991227 Kozushima village, Tokyo 34°13'36" 139°08'24"
Himejima Kannonzaki HKNO001227 Himejima village, Oita 33°43'44" 131°38'42"
Kannonzaki (shiro) HKI990406 Himejima village, Oita 33°43'44" 131°38'42"
Kitaura HKT001226 Himejima village, Oita 33°43'42" 131°38'48"
Koshidake Koshidake KSD030721 - Imari city, Saga 33°1427" 129°51'45"
Koshidake (zara) KSHO010130  Imari city, Saga 33°14'24" 129°52'20"
Nishioguni Tsurami KTHO030225 Daisencho town, Qita 33°10'59" 130°59'11"
Oguni OGNO030225 Ogunicho town, Kumamoto 33°08"21" 131°00'55"
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0.4 g of sample ]

Mixine
=8 [ 4.0 g of Li,B,0, as flux

¥

Fusing
S
at 800°C for 120 s at 1200°C for 120 s at 1200°C for 120 s
with agitating

¥

Cooling to room temperature

4

1:10 glass bead

Fig. 1-1 Fusing method for producing 1:10 high dilution glass beads.



Mixing

¥

2.2 g of sample
2.2 g of Li,B 0, as flux
0.02 - 0.04 g of LiCl as exfoliation agent

First fusing

> » G » Sy

at 800°C for 120 s at 1200°C for 120 s at 1200°C for 120 s

with agitating

¥

Cooling

¥

to room temperature

Second fusing

Coemin) o B Cemun Dy

at 1200°C for 120 s at 1200°C for 300 s

with agitating

\ 4

1:1 glass bead

Fig. 1-2 Double fusing method for producing 1:1 low dilution glass beads.
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2-3-1 EFRISAE—FOEH

HEFCHF DOERB R+ TKEBES> TVBIEES., BITBYRELRTS BoTzb
FHRELTHIAE—FPRENRTRD), KE (W7 AE— FRABRERICRD) L
035, Ebiz, FHEERIE LTHEMT D LiCl ZIXRBHENRH DO T, BRIERTZEM
THAILERDHD, £, BITEVOLRWEERT 7 A — FEERT 720123, Rbke
ARIOREGERIESEBD CTEETH D,

ZHABSEH TRWEBIROT 7 A — REE-LRWERICT 2720121, 36k - mAl
DEMIBE S OREBEHET 2LER D S, AROTHEMR EFREBIEKFEL T, BRY
BIROME, € L THEMIBGEH Lz L S OMEELORBEIIRELRR S, Thbb,
FRENMELS FEBREIPEL) RBITH- T, BOMEL TV AEORELEL, D LE
2B LTS EEREN LR LERTERLRoTLE Y, HECHHISLM, & 51 HBEA
DOEMEBEZREEZFABTIHI LT, RERTI A — FRERTE 3,

BUTEY O 11 EHRY 7 2 € — FE2ERT 3012, BRIRS Y O 2 BIERNS
PR THD, | BIOBEMBET 111 72— FEERTIOIXEECHY . BITRY
BELCBET T, Pt 22FE0EMIZEROBM2RE@IFE o, ZboRmEE, &
MBS ORMERE N2 OIC, RRFFEIMEL - 8 L CHBR TE RV, Ez, FEIEE
Z¥E, Pt 2O EKEFEIZRH LT, 1ZEALE 90° [T TRE) CTHREZAALD &
LTH., BRIESDHE Z TREICHEMEMET LT LEVWEBTE Y, £2 T, BRh#
E% 2 BEIZT T2 o7, £3. 1 BIE OBRMEZT2V, BRUBRSDPICRIITERY PR
HRH-TCHERL, ~ERREBEICESICHAILE, ZOTT7 A%, PEMEETIC
—&KICEIR (1200°C) CTHBE L7, 4HZO 2 BB OBEMET5Z LT, [BIZBARICH
2. BITRY VE Bol, MIEVORVWE T AL — FEERT 57252, 1 EO
R OBHBRE (EDICHHLZBEREICTSEZ L) BEBRICEETH 72,

232 HSAE—FOFMELBEERBE - #Hk X KAEE
HEEERELZAVT, FRE 1:1,1:2,1:5,1:10 ODHFF7 A — KL 10 HE/ER LT,
HF A — FOMBEMECOE R LA TTEREXEE (n=10) % Fig.2 \T®T, i,
SHFRBT L OERDTROEN X BEBE (b Ko ) OF{L%E Fig.3 77, Z
ZC. Fig.2 & Fig.3 O, REEZ2ETEH-HETH D, BEREBFRIHFREGE
LA HNL, 111 ¥TAE—KTiX 06% CELE, ZOXHICKE2KREBIZ. ERS
NARETERTHHEESICIRERBEORK IR VEDL P, BERS EROBSIIIBET
X5, FREMMEL R DI - TENE X BSEIIRELLRY  ZOERITETEERE Na, Mg,
Al 72 ) THE 7=, —F P,K,Ca, Ti, Mn, Fe TiX, RINEHEDEEN K B, Rk
DEIGEZ LTHEN X BEEOCHEMORBEN /N NShol, T7hbbH, Si LV HEN
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x%ﬂi {Eﬁﬁ‘ﬁiﬁ'&'ﬁ7xt— REERIGTZAY v FBRZIUTERNZ LR TEX, K
2o 1:1 282585 BBEFREON I A - FEERLTH, V72— NEEDE
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L7,
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¥ JR-2 #RWTYERIL7 1:2,1:5,1:10 HF AE— KD SiKa & FeKa DME~ v B
7% Fig. 4 \ORY, OFEROSFIIZRED v IX, 308 X SRE OB R R ERERE
? 3 & Bow) TRV,

Geal = (Iave % t % 1000)2/(t x 1000),

Lve VIEXIBREE (BQT, keps). ¢ I XRHEREFE (BANL, s) Th 5, FHEEERMIIL, SiKa T =2,
FeKo T t=4 & LT, X BIBREONRT Y X IMEN T, ITNOOMEOHEIMEERE (n=
137) 1. 12 5 A — KD SiKo T 1.7%. 1:5 #7AE— F® SiKa T 22%, 1:10 7
S Z2E— KD SiKo T 3.2%. 12 HS5AE—F®D FeKa T 4.1%, 1:5 #Z7AE—FD
FeKo T 4.7%. 1:10 5 A — F®D FeKo T 5.5%, ThHolz, BHMED 30w ZHBR

FFRIEMIE. 137 A05H 12 HSAE—FD SiKa & 1:5 7 AE— KD FeKa & T,

FREN 1 RORIEST,

2-3-4 HSRAE—FOE#

Eii 4 BRECEZE 110 ¥R —REERL, H7AE— ROEZPEE X #
MEICEZ ARBRHER L, BAUSVRERY FULLERELEEELRS % (3
3.0g-03g (b)40g-04g,(c)50g-05g,(d)60g-06g BEL, 1:10 TTAE—F 10
BEERLZ, 2hb 33,44,55,66g DH I AL — ROBERIE, BXZ 2.0,25,3.0,35
mm Chol, 2NHLDOHF A — FEREL TBLEERDB LI OMERSITTHED Ka #
DO X BBREFRAVWT . HIIAE— FOELOEES REL o7, ERHILHE (Na, Mg,
Al Si, P, K, Ca, Ti, Mn, Fe) D&t X BB, (ThOEAZATHIZERLEThH T, &Y
TILHETHD Rb, S, Y, Zr DFEEEX, EARETIconNTREL ko, —FH 33g
L —F&EW 66g M 1:10 HTAE— NEHEET 5L, Rb T 14%, Zr T 28% DHREH
MAsd -7 (Fig. 5) 77V Z AV ENNRT A—Z—EERWT, BEEE{MEED 1:10 7
SAE— RO, Ko SO0t X MOBHRBELHELZEZ A, Rb X Zr OEREITK
10-15mm Thot, LENR-T, BLRIV b= AX—0FWENE X #E 5D Rb
2 Zr REOBETETIE, 1110 ¥ 7 AU — N3#EEL R85, Z0Z nb, —EDE
EBEZBU T, IR — ROEAIT—EE LT,
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1.0

0.8 -

0.6 -

0.4 -

Loss on fusion / ‘%

0.2 -

0.0 T T
0.0 0.2 0.4 0.6

Dilution ratio

Fig. 2 Variation in the loss on fusion with dilution
ratio of glass beads.

6 —8—Na
--0--M
> O Al
= -A--Si
= 4 - —a—P
2 -O0-K
.E 3 —9—Ca
i -57--Ti
= ——Mn
% 2 '<>'»‘Fe
(=7 14
0 T T
0 0.2 0.4 0.6

Dilution ratio

Fig. 3 Variations in the relative fluorescent X-ray intensities of
major elements with dilution ratio of glass beads.
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15 mm

0.2 képs

15 mm

(a) SiKa, 1:2 glass bead. (b) FeKa, 1:2 glass bead.

(0) SiKa, 1:5 glass bead. (d) FeKa, 1:5 glass bead.

(e) SiKa, 1:10 glass bead. (f) FeKa, 1:10 glass bead.

Fig. 4 X-ray intensities maps SiKa and FeKa in 1:2, 1:5, 1:10 glass beads prepared
with the JR-2 rock reference sample and Li,B,0..
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2 100{ SKa o b
& ZrKa &
‘@
2 504 RbKa * =
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YKa Y R

0 : ' -
0 20 40 60 8.0

Weight of glass bead / g

Fig. 5 Variation in the fluorescent X-ray intensities of
Rb, Sr, Y, and Zr for 1:10 glass beads containing
Makabe granite with the weight of these glass beads.
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K CRIFIZERITEX A, UL, 1:1 HTI7RAE—FOEPET 5,10min, 12 FF5AEL—F
DFAT 5S5min BELERBHKREZANESGE. V7 A0 — FHICREP@ITE-7=, D
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—®— Modal diameter
30 - --O-- Median diameter

Diameter / pm

Pulverization time / min

Fig. 6 Variation in the particle size of powdered rock
preparing Makabe granite with pulverization time.

Fig. 7 Secondary electron images (20 kV) of rock
samples from pulverization for 15, 30, 60 and 120 min.
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2.70 keps

2.28 keps
(a) 1:1 glass bead for 15 min. (b) 1:1 glass bead for 45 min.

1.98 keps

1.62 keps
(c) 1:2 glass bead for 15 min. (d) 1:2 glass bead for 45 min.

(i) SiKa

Fig. 8 X-ray intensities maps of SiKa, CaKa, TiKa, and FeKa in 1:1 and 1:2 glass

beads prepared with the Makabe granite from pulverizing for 15 and 45 min.
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0.37 keps

0.27 keps
(a) 1:1 glass bead for 15 min. (b) 1:1 glass bead for 45 min.

0.32 keps

0.23 keps
(c) 1:2 glass bead for 15 min. (d) 1:2 glass bead for 45 min.

(ii) CaKa

Fig. 8 X-ray intensities maps of SiKa, CaKa, TiKa, and FeKa in 1:1 and 1:2 glass

beads prepared with the Makabe granite from pulverizing for 15 and 45 min.
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0.068 keps

0.031 kcps
(a) 1:1 glass bead for 15 min. (b) 1:1 glass bead for 45 min.

0.062 kcps

0.026 kcps
(c) 1:2 glass bead for 15 min. (d) 1:2 glass bead for 45 min.

(iii) TiKa

Fig. 8 X-ray intensities maps of SiKa, CaKa, TiKa, and FeKa in 1:1 and 1:2 glass

beads prepared with the Makabe granite from pulverizing for 15 and 45 min.
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0.70 kcps

(a) 1:1 glass bead for 15 min. (b) 1:1 glass bead for 45 min.

0.61 keps

0.47 keps
(c) 1:2 glass bead for 15 min. (d) 1:2 glass bead for 45 min.

(iv) FeKa

Fig. 8 X-ray intensities maps of SiKa, CaKa, TiKa, and FeKa in 1:1 and 1:2 glass
beads prepared with the Makabe granite from pulverizing for 15 and 45 min.
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Fig. 9-1 Variation in the relative standard deviation of analytical values of major
components with pulverization time.

R. S. D, relative standard deviation, % (n = 10)
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Fig. 9-2 Variation in the relative standard deviation of analytical values of Na,O,
Si0,, K,O and Fe,0; with the pulverization time.

@, (a) molded surface with spin; O, (b) molded surface without spin;

A, (c) open surface with spin.

R. S. D., relative standard deviation, % (n = 10)
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FABAERBRERT L. REAEELRART 2 77, REAEESO B RS ORE g
TELET TR, REHHE - 7oy MER - RBEZERICRETEX 07T, EEt0R
WIREBRZIER TZ 5, BRFEERLSLHAL. REGHZMITENTEATIHLSL

43, 57, 61
% A

2-52 BRBRBESFSAE—FOEREE
BAPTOERDITTEE, 15110 HT7AE—FK / &% X BEOWMEZRAWTERTIEHO,
REREARET 7 A — FOER L, FRICEBEAEEZDERERZ LI TIIRT,

MREL - FHEDOHRE I ULDICEENBROBQZRD, MNBYOE/RS TTREEY H
DREMELTHE, ZITH, RECEE~ZXREEHRREF >y BEAEE UT. 7
ABEER) 7. EENBIZEE L, VT, BEF I A — FOERKEE (0F9.
BEBROTOy FOE) 2RO, BEKSTTERAEZED, KR TIE 10 HO/ERME K
AKe L, =EL, iz, TUENOEE (iEts - BiUE - KRE) 2188 LI EYE
HT7 A — FEERIT B3B8 0, ATV L OBEARCIIRSA LY. 2 K 3 &
H x4) & L7z,

BEGBHOIE FT. rABEEGOREN L TEFHREERICHRE (BEITGUT
BEZEV T HHOBRR) L, SLIKREFREBRZRDT, TR TR, BiLEE
THE L (7L, BERLSTRIIEBEFEECHE)., HOBREERDOH MR L Ox4
YMPEBRTEDL). RBOLIREBGBHERELEFRLIVHOD, (RARDARITITE
WX D7) BIRICR DR E CREFRBEZERT 2D E L 2wy,
HEGFHDSE  REGEEAZSE GBI REROT Yy FORIBERE) T
B3, METH EE2AHICELL LERDD, Yuy FoOREI. (1) ZBBICT2EH
T EEET) L. Q) KRERRICEREBICT I HE BEES). © 2 2%E2 5,
ZREINX, GRERARRO Sy FBBRRICHLRBADT, ZZ TIHBRH Lo T,

LK ERHTROL I, KHREE X SCRERELND LHHTX BEE.
HEBFNEHAWN Ty OB E —EIZ L, flz2iE, iEs - Bl - ZERAT D Na,
AL Si,P, Ti,Mn i, #AEMOENRSHE Y 2< . 2FMNLHBEOIEL ZIIZFERE BV
DT, FZEEINEH W,

EEES RBHFICMERD TTEEERTIE, BohsEt X BEEN/NEL.. BREY
KB EEIR CORBBROEEMELHEE CERLIBRIBNLE D DBEE. BEEFIEZHWT
KREFRRO Ty MBI Lz, £, fiEea - Zila - ZRAEHD Mg, K, Ca, Fe 13,
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BRE#HAOTEE (TROLMBET & XRET) CHRIRICHRP RS, ZORRICEEYK
W5 &, BICREROBPRME (ThbbRILEHE) OEBOMKN TRE] b
DL Y MRy (ZZ T, EBET I A — RPOXTROBEDN, BhsaEgio@mel
15 L9 FART Z2ENRAMESRMB 2O T, RACEFEE LRV X 5 7o kIX TRE 72 fR v B}
%), BEBFIZHWDZ LT, (AL ZRED L S 2) MRS BIRIC R HIERES Y —
XeFELOTERTIHETH, BRBRFICEAHOMBETEERTAZ N TEXT,

#ADFE BR/MEEBEEL (0FV, PIEERD), BIIDONRT A —F—ERBITEHEERT
FEEL, BB (Fuy MELEAH) KA EREBR LR, fixiE, Yoy boAK
210 & (n=1 ~ 10) T 2-250 mass ppm BEE T ({78 2) OREREIER L= V2
5. HEBF (a,=30n-28; 2,32, 62,92, 122, 152, 182, 212, 242, 272) & PEEHF (a, = 3n* -
3n+2 (a, =2 + 26k); 2, 8, 20, 38, 62, 92, 128, 170, 218,272) TERETZX 3,

REE DR LG DE (F 5 A1) 9, BAETOMBICE DY CRE/Y ZOEE
KEWIE (E721/NEWVIE) 2X~272 (B 21X, SiO: 83.0, 79.3,75.6, 71.9, 68.2, 64.5, 60.8,
57.1, 53.4,49.7, 46.0,42.3 =% LT, ALO;, 7.0,8.0, 9.0, 10.0, 11.0, 12.0, 13.0, 14.0, 15.0, 16.0,
17.0,18.0 72 &), ERH TROBFHEPBRRHEIZZLR2WVWE S, EFEDE W ALO; &
Si0, DMAGLEIEBEET 5, ZHUANAOET L. 2EOREMBIREY RELCRWE S,
Bz 1L No. 1 ~4 (XREMEICH H), No.5 ~ 8 (ZIEMABIZHY), No.9 ~ 12(XR
BT NTT U AZE VR T,

FIEEDIEE BB LFREME @R 0, SMT3REOBREZFRLE, =

DL x| REBESCHED R Y, SRS EENTICERT S, £, 2 B2 E50RE (6

Z X, NagP,O7) ZAVIBEERICLROEET D, I, HEOKE., XEEHMED 10mg

%T [EIZ)%AL i, FREEOEEKE (@%ﬁ@ﬁﬁmmaﬁr@t IEBRET D) EHRT D
. BRYZ X E— FERERLL T,

FRYZZE— N RN ARERE EMEIEER ¢ A AR OREHT 1:10-
1:100 BEIC L THERIL7=H T A — Pk, FHL T E— FLES, BAK GRERMN
B) 13, ROFHTRE L, $42bb, (1) IT7AL—-FERIFIERTEXIBETHD
HRHIR RECI-TE, BREOCLOEERTE R, (2) BEN T A v — FERE
DFERYZ X E— FOTMER/MEZ 10mg AL L, o (3) fERTHEH LY — X
DX 1 MOFHTFZIE—FCTRYDZZENET LV (IR KECEREEICERET

D)o

MBI TTFEEY 7 X E— F ERGTRICHES, MERS TRADEET 7 A
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— FOERIIERS TH D, 7. HTRROELE2ERD, TESTEOBRELZEL., ¥
B L TCERRPARSAREOTMEEZRD =, L, TROTEOEELITRRY, &
B (fiers - A - KRE) TLIIREROBEENREDS (v MY v 7 ZABR) =, 3t
BELERETLHILERD D, RiIZ, EBMNBRTROREGEB 2D, TN T HRE
(BEEE 7R FROL SRR 28E LTz, BERELZHOAESICIE, ¥ - Bl -
SRR - WBHOFERE2TOR, £, EEREL. I_CTHFHLT I E—F
FESLTEMLE, REBROEBEFEBROEEEAME LV E X3, REGO oy
h ZPEERFINC 2 DRI, KRE~SRERERKICE > TEELZWVWRROFEIE, 7o
v P EEEHIIICR LB, BRETAIELEAL L,

2-5-3 RERBENSRE—FOHESR

BYEMDO R ZREREENT S A0 — FEERT 5720121, BT 20 FRROREE
ZFTOFTRICBE L TBLLERDD, ZhEMBAIZILIZREL. Pt 22F5BL. &
JEARFHEEIMBIEE ClRl - 5 AMb LT, MEREETS A — FRIZREORMITE Y 2
ACESBES BFEAMLUEIRTINER G2, 2ot E o4 T 5 EEIE., Hhms -
REHOBREVBR+ 572 dTH B,

AREHORERS ., BIEFRYT 7 A — FEERTIEICRESEET D, S0um &8
ZDRIRED Si0, RELXZHWZHE. 1:110 ¥7 A — FMERBECHLRUTEBR A EN b - 12,
L LS, s E2RBORELZHAVDI L, BOERERE L THERICHORIEK
LEATHIERIIERTIBNDEDHD, £Z T, FITHBEMEDZ W 1:1 HF R E— RIEREE
WIRRIER 10 um @ Si0, A%, 1:2,1:10 H T A — FEREFZIZHA 30 um @ Si0, &
EEHWDZ Lz L,

FokpmFE BAOEKNFVEEY FULEERSTTRESLRRAZE NayC0os, MgO,
ALO3, Si0,, NasP,07, KCl, CaCOs3, TiOs, MnO,, Fe,05) & #IBE L7- 1:10 HTIAE— K%
ERLL 7=, ke - B - ERE 2 EECTEXIREGHNTT V¥ AR L 72 DRI,
BMEZHAEDYE T, HEMED 10mg 2 TEID L5 REL2HRMT 256, REF\EL
AL ZIRAE 1:10-1:100 THH O X E— FefEBl L, Bl CHRMLE,

HER G TTE EENBAREELHAFRY X E— FORFREAEERE RN LT
HI7AE—REERL, RERIEEE Lz, OB, (A)1:10 T AE— K;Rb, S, Y, Zr.
(B)1:2 H7 AE— F;V,Cr, Co,Ni, Cu, Zn, Ga, As, Nb, Ba, W, Pb, (C) 1:2 55 X &™— K; Th,
U,.(D) 1:1 #Z A~ K;La, Ce, Pr, Nd, Sm, Gd, Dy, Yb, (E) 1:1 7 R &™— K; Sc, Sn, Cs, Er,
Yb, Hf, Ta OAEOETERLE, ZhbOERIIE, MEts - TERaEaR -8
e 7B EoiC, ERDTREREETREFRIE NaC0s, Mg0, Al0;, Si0,, NayP,0,, KCI,
CaCOs;, TiOz, MnOy, Fe,03) % X— A4 & L CHM L7 (Table 4),



T BEHTZZE—F  EAKARTVBRIFULADHRTHI A — FE2ERL, &
AR EMENSTTHE (A) AOT7 77 lEAREE L, £z, EEXNRES T
S, EBANKRTBRY FULLR—ZAEFOBRTHT A — FeER L, BERSTHR
B), (O), D), (B) D7 7 > 7 BIEAakLE L,

REFH  BREAEHETT A — FHORETROREL. UTIORTREICESINT
AE LI, dbh, RBEIIBEY) & ZRRIGKEIC, BRI L HRICHFT S
&L, ¥l 379 MTXEERZBMBEELZ2VD T, CoC0s2H0 DLfRM%
Coy04 LRFEL. ¥= VBRI & “RILIRRIC T D L LT,

2-5-4 BRER

1:10 o7 2 b — FZHAWEE/RSTTE (Na, Mg, Al Si, P, K, Ca, Ti, Mn, Fe) DIRE#MR%
Fig. 10-1 2, 1:10 #T A — FERWERECE - BREE SR -—AD Rb, S1,Y, Zr DR
BER% Fig. 102 IR, ¥/, 12 52— FEZRAVERESE - ERESESaX—RAD
V, Cr, Co, Ni, Cu, Zn, Ga, As, Nb, Ba, W, Pb, Th, U O E#% Fig. 10-3 12, 1:1 HT7 A E—
RZBWi-fiEts - fea s faX— XD Sc, Sn, Cs, La, Ce, Pr, Nd, Sm, Gd, Dy, Er, Yb, Hf,
Ta ORRE#BR% Fig. 104 TR ¥, BEROEREIMNLREFTHY . HEEET r=
0.991 -1.000 Thol, 7T 7BIE (n=6) OEERED 3 ENLEHLE 42 TR
BRHTRE%. Fig. 10-1 2>5 Fig. 10-4 HITRT,

SRR AWZH T, BUTFD 9 SO — 7kﬁ)5"£ﬁ7b>§?§bto T?ﬁtb% VKa iZ
" TiKB. CrKa & VKB. YKa & RbKB. ZrKa (& StKB. NbKa (2 YKB. BaLa {2 RbKa (n
=3), CeLa iZ BaLB., ErLa {Z ZrKa (n=2). YbLa (& NiKa REELLZ, 2 bDOE—
JDERVIX. FNEN TiKa, VKa, RbKa, StKa, YKo, RbKa, BaLa, ZrKa, NiKp D& EE
EHWTHIE L, 727 L. NiKB iZiX NbKa (n=2) BEALD DT, NbKa THIELE
NiKB DREE % Fv iz, '
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Table 4 Matrix compositions of ten major elements (in mass%) and four minor elements (in mass ppm) in calibrating standard glass beads

Calibrating stadnard (A) Calibrating stadnard (B) Calibrating stadnard (C) Calibrating stadnard (D) Calibrating stadnard (E)

for V, Cr, Co, Ni, Cu, Zn, for La, Ce, Pr, Nd, Sm for Sc, Sn, Cs, Er, Yb,

for Rb, Sr, Y and Zr Ga, As, Nb, Ba, W and Pb for Thand U Gd, DyandYb Hf and Ta

with 1:10 glass beads with 1:2 glass beads with 1:2 glass beads with 1:1 glass beads with 1:1 glass beads
Na,0 0.419 @.7) 0.801 (0.5) 1.24 (0.4) 1.87 0.2) 1.83 0.4)
MgO : : 0.073 (0.6) 0.034 0.3) 0.034 0.2) 0.153 ©.7)
ALO; 1.28 0.9) 4.53 (0.6) 4.02 0.3) 5.93 0.1) 6.65 0.3)
8i0, 7.52 0.3) 244 ©.1) 25.8 ©.1) 38.1 0.0) 36.5 0.3)
P,0; 0.018 1.9) 0.007 0.3) 0.007 0.2) 0.015 0.7
K,0 0.465 (2.9) 1.55 0.5) 1.48 0.3) 2.17 0.2) 2.32 0.5)
Ca0 0.029 0.8) 0.336 (1.6) 0.290 2.7 0.459 (1.3) 0.501 (1.0)
TiO, 0.073 0.6) 0.069 0.3) 0.067 0.2) 0.153 0.7)
MnO 0.015 a.m 0.028 0.3) 0.026 0.2) 0.012 0.3)
Fe,05" 0.082 0.8) 0.336 @1 0.386 2.2) 0.593 1.2) 0.487 2.2)
Rb 82.2 (1.4) 116 (1.1) 111 (1.5)
Sr 17.1 (1.4) 24,0 (1.1 23.0 (1.5)
Y 13.2 (1.4) 18.5 1.1) 17.8 (1.5)
Zr k7 X (1.4) 45.7 (L1 43.8 (1.5)

143

a. Total Fe as Fe,0;. (), Relative standard deviation, % (n =13 for (A), n =10 for (B), (C), (D) and (E)).
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Fig. 10-1 Calibration curves of Na, Mg, Al, Si, P, K, Ca, Ti, Mn, and Fe

with 1:10 glass beads.

LLD, lower limit of detection.
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Fig. 10-3 Calibration curves of V, Cr, Co, Ni, Cu, Zn, Ga, As, Nb, Ba, W,
Pb, Th, and U with 1:2 glass beads.

LLD, lower limit of detection.

37



.
S
>

/2]
>3 Sc
£ 50
w
> LLD:
= 0 1.3 ppm
0 15 30
Concentration / mass ppm
« 80
> La
£ 40
=
2
0 100 200

Concentration / mass ppm

o
[—
[

Intensity / cps
Junk
=
S

0 60
Concentration / mass ppm

120

2 80

3} Dy

£ 40

0

=

&

= 0 2.7 ppm
0. 15 30

Concentration / mass ppm

2 300

o) Hf

£ 150

N

=

2

= 0 1.9 ppm |
0 20 40

Concentration / mass ppm

2 0.18
2 Sn
- 0.17

ty

1 0.16

3.5 ppm
01y °°PP

0 15 30
Concentration / mass ppm

Intensi

[
[
[}

O
&

Intensity / eps
%
S

6.5 ppm

0 150 300
Concentration / mass ppm

]

a
et

wn
B

Intensity / cps
W
=

—

1.9 ppm

0 15 30
Concentration / mass ppm

w 200
5y Er
2
= 100
=
3
= 0 2.1 ppm
L L
0 20 40
Concentration / mass ppm
2 300
o Ta
2
= 150
=
2
= 0 1.3 ppm |
0 15 30

Concentration / mass ppm

w 60
5y Cs
& 30
n
=
2
k= 0 8.9 ppm
0 15 30
Concentration / mass ppm
w 40
5y Pr
E 20
@
=
2
0 15 30
Concentration / mass ppm
-y 120
D) Gd
£ 60
v
=
2
= 0 0.7 ppm
0 15 30

Concentration / mass ppm

@ 200

) Yb

2z

= 100

S

= 0 0.7 ppm |
0 15 30

Concentration / mass ppm

Fig. 10-4 Calibration curves of Sc, Sn, Cs, La, Ce, Pr, Nd, Sm, Gd, Dy, Er,
Yb, Hf, and Ta with 1:1 glass beads.

LLD, lower limit of detection.
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bbb IG-1a (ERERCE). JG-3 ((ERIPIRSE). JR-2 (FEECE). JR-3 (MiElE) 2 FE& L.
AEDOERS ZHRIELTZ, RS 10 TR EWERD 32 TROERBFBR%., Table5-1 &
Table 5-2 (279, 1:10 T RAE— K 5 & 1:1,12 HTAE—F%& 1 £ ¢ BEE) %.
IO DEAREREE AW CTER L7z, Kk CEZEEMBITHEME ™ LR
—B L7, BMERSTRIL. F4AYOBBILET 5-10ppm BE, BHFLFETKET 10
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ELTRERERIE L, ERMEOHMEERZEIT. ERIITLHET 2% K, MERS T
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Table 5-1 Analytical results of major and trace elements in the GSJ rock reference samples (1)

JG-1a (granodiorite) JG-3 (granodiorite)

Present method Recommended value® Present method Recommended value®
Na,O 3.44 0.6) 3.39 4.00 0.9 3.96
MgO 0.699 (0.8) 0.69 181 (0.7 1.79
ALO, 146 (02 143 161 (L7 15.5
Si0, 726 (0.0 7.3 673 (15 673
P,0s 0.082  (0.4) 0.083 0129 (0.6) 0.122
K,0 418 (02) 3.96 273 (02) 2.64
CaO 2.05 0.3) 2.13 3.65 0.3) 3.69
TiO, 0245 (1.3) 0.25 0482 (1.4) 0.48
MnO 0.055 (L.6) 0.057 0.065 (0.4) 0.071
Fe,0," 208 (0.8 2.00 385 (0.5 3.69
Total 100 0.1) 99.2 100 13) 99.2
Sc 4.6 a3 6.21 10.3 .55 8.76
v 6.5 (6.8) 22.7 72.0 2.7 70.1
Cr 167 (10) 17.6 324 @1 2.4
Co 6.0 ae) 5.90 8.1 19) 11.7
Ni 49 @1 6.91 120 (5.4 143
Cu N.D.° 1.67 33 (7.2) 6.81
Zn 389 1.6) 36.5 43.6 1.1 46.5
Ga 9.8 “4.3) 16.5 8.9 84 171
As N. D. 0.43 N.D. 0.37
Rb 189 @3 178 78.1 5.6) 673
Sr 192 (0.6) 187 380 0.9 379
Y 31.7 3.5) 321 123 a3) 173
r 126 4.9 118 156 @an 144
Nb 84 (34 114 37 an 5.88
Sn N.D. 4.47 N.D. 1.40
Cs N.D. 10.6 N.D. 1.78
Ba 486 G.49) 470 463 22) 466
La 164 (19) 213 144 7 20.6
Ce 729  (4.0) 45.0 742 (2 403
Pr N.D. 5.63 N.D. 4.70
Nd 15.9 a4 204 12.8 26) 17.2
Sm N.D. 4.53 N.D. 3.39
Gd 30 (16) 4.08 N.D. 2.92
Dy 73 (14) 4.44 N.D. 2.59
Er N.D. 2.57 N.D. 1.52
Yb 33 (16) 270 N.D. 1.77
Hf N.D. 3.59 N.D. 4.29
Ta N.D. 1.90 N.D. . 0.70
W 17.4 4.2) 124 14.5 @&.1) 14.1
Pb 30.6 G.7 264 12.0 4.5 11.7
Th 11.6 3.3 12.8 6.6 (1) 8.28
U N.D. 4.69 N.D. 221

a. Ref. 98. b. Total Fe as Fe,0;. c. N. D., not detected. ( ), Relative standard deviation, % (n = 5).
Major elements, in mass%, with 1:10 glass beads. Rb, Sr, Y and Zr, in mass ppm, with 1:10 glass
beads. V, Cr, Co, Ni, Cu, Zn, Ga, As, Nb, Ba, W, Pb, Th and U, in mass ppm, with 1:2 glass beads.
Sc, Sm, Cs, La, Ce, Pr, Nd, Sm, Gd, Dy, Er, Yb, Hf and Ta, in mass ppm, with 1:1 glass beads.



Table 5-2 Analytical results of major and trace elements in the GSJ rock reference samples (2)

JR-2 (rhyolite) JR-3 (rhyolite)

Present method Recommended value® Present method Recommended value®
Na,O 414 (1.0) 3.99 477  (0.6) 4.69
MgO 0.039 (11) 0.04 0.042 (7.5 0.050
ALO, 13.2 0.2) 12.7 122 ©.49) 11.9
Sio, 76.6 ©.1) 75.7 72.6 0.2) 72.8
P,0; 0.006 (1.3) 0.012 0.016 (1.8) 0.017
K,O 475  (0.3) 4.45 451 (0.1 429
CaO 0.495 (0.9) 0.50 0.098 (7.6) 0.093
TiO, 0.063 (4.6) 0.07 0223 (1.2 0.21
MnO 0.105 (0.4) 0.112 0.078 (0.49) 0.083
Fe,05° 0.762 (2.0) 0.77 505 (1.2) 472
Total 100 0.1) 98.3 99.6 ©.2) 98.9
Sc 52  (16) 5.59 N.D.! 0.50
v N.D. : 3.00 N.D. 42
Cr N.D. 3.10 N.D. 35
Co N.D. 0.46 N.D. 0.98
Ni N.D. 1.99 N. D. 1.6
Cu N.D. 1.36 N.D. 2.9
Zn 29.7 (1.6) 27.8 213 0.4 209
Ga 12.1 Q.7 17.9 24.4 1.9) 36.6
As 24.1 .0 19.2 N.D. 1.1
Rb 324 (0.8) 303 448 (0.6) 453
Sr 46 (a7 8.11 177 (A7) 10.4
Y 51.9 1.3) 51.1 172 0.9 166
Zr 94.7 1.4) 96.3 ‘ 1388 12 1494
Nb 15.6 (X)) 18.7 516 1.4) 510
Sn N.D. 351 21.6 6.3) 17.4
Cs 31.2 (6.6) 25.0 N. D. 1.0
Ba 242 (20) 39.5 58.8 2.1 65.8
La N.D. 163 174 a9 179
Ce 70.5 8.9 38.8 340 1.9 327
Pr N.D. 4.75 24.6 8.3) 33.1
Nd 203 (11) 204 113 4.8) 107
Sm 62 (29 5.63 173 9.4) 21.3
Gd 50 (12) 5.83 252 3.1 197
Dy 88 (10) 6.63 257 (1)) 21.5
Er N.D. 436 71 @.1) 14.0
Yb 57 @29) 533 183 2.6) 203
Hf 48 (12) 5.14 39.6 1.9) 40.3
Ta N.D. 229 24.6 (13) 36.8
w 56 (18) 1.8 62 (16) 7.8
Pb 255 2.9) 21.5 293 3.0) 32.8
Th 299 1.6) 31.4 98.4 (0.5) 112
U 97 (18) 10.9 18.0 72) 21.1

a. Ref. 98. b Ref. 99. c. Total Fe as Fe,0;. d. N. D, not detected. ( ), Relative standard
deviation, % (n =5). Major elements, in mass%, with 1:10 glass beads. Rb, Sr, Y and Zr, in
mass ppm, with 1:10 glass beads. V, Cr, Co, Ni, Cu, Zn, Ga, As, Nb, Ba, W, Pb, Th and U,

in mass ppm, with 1:2 glass beads. Sc, Sn, Cs, La, Ce, Pr, Nd, Sm, Gd, Dy, Er, Yb, Hf and Ta,
in mass ppm, with 1:1 glass beads.
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Table 6 Analytical results of major and trace elements in rhyolitic and granitic rocks

Kobukazawa Furutouge Inada Makabe Amabiki weatherd
rhyolite obsidian granite granite granite

Na,O 3.77 @1.5) 3.68 (0.6) 3.34 0.8) 333 0.8) 2.05 .9
MgO 0047 (5.8) 0.031 (14) 0168 (2.2) 0.564 (0.7) 0357 (1.2)
ALO, 13.6 ©0.3) 133 0.5) 14.2 0.2) 15.1 0.3) 14.9 0.9)
Sio, 77.0 ©.1) 76.5 ©0.4) 74.6 ©.1) 70.6 ©3) 75.1 0.5)
P,05 0.009 (20) 0.008 (22) 0.030 2.9) 0130 (1.9) 0.021 (14)
K;O 4.79 0.8) 5.19 0.2) 4.57 0.2) 4.45 0.3) 434 1.4)
CaO 0.353 (0.6) 0.481 0.7 1.69 0.2) 2.04 (0.5) 0.178  (0.7)
TiO, 0.078 1.6) 0.064 (L.7) 0.140  (1.6) 0316 (1.0 0234 (3.6)
MnO 008 (1.9) 0.090  (0.5) 0.027  (0.9) 0.065  (0.9) 0063 (1.4)
Fe,05° 0.711 3 0804 (0.2) 179 0.5) 2.77 (0.6) 179 @1
Total 100 ©.1) 100 0.49) 100 ©.1 99.3 ©.2) 99.0 (0.5)
Sc 43 a7 4.9 15) 43 (1) 4.7 22) 63 20)
v N.D. N.D. N.D. 273 as 208 16)
Cr N.D. N.D. N.D. N.D. N.D.
Co N.D. N.D. N.D. N.D. N.D.
Ni N.D. N.D. N.D. N.D. - 33 0.7)
Cu N.D. N.D. N.D. N.D. 20.0 @n
Zn 28.7 1.9) 30.5 a.mn 382 1.4 51.0 0.6) 65.3 1.4
Ga 9.6 32 9.3 X)) 8.3 2.8) 8.9 (5.3) 113 3.0)
As 6.7 .6) 19.8 45) N.D. N.D. 103 3.8
Rb 284 1.9 295 (0.5) 130 (0.6) 173 0.5 193 1.3)
Sr 7.7 @.1) N.D. 173 (1.1) 277 0.7) 111 1.2)
Y 213 (5.9) 41.2 Q.1 16.1 10 21.4 2.9) 213 (1.9)
Zr 87.7 .5 78.0 20 129 3.5 168 0.8) 136 (5.3)
Nb 139 1.6) 12.9 3.0 5.3 3.7 158 ©.5) 158 ©9.5)
Sn N.D. N.D. 83 11) N.D. N.D.
Cs N.D. 26.7 (8.6) N.D. N.D. N.D.
Ba N.D. N.D. 1330 1.0) 942 0.5 1171 1.1)
La N.D. N.D. 293 20 34.1 3.3) 274 13
Ce 77.0 (5.8 36.2 a2) 85.9 (3.9) 99.1 3.4 119 1.9
Pr N.D. N.D. N.D. N.D. N.D.
Nd 119 (12) 20.0 12) 26.1 (8.0) 28.3 3.3 22.9 (9.6)
Sm N.D. N.D N.D. N.D. N.D.
Gd 2.8 33) 31 20) 3.7 an 3.7 amn 5.1 19
Dy 7.9 (16) 9.1 29 N.D. N.D. 6.4 a0
Er N.D. N.D. N.D. N.D. N.D.
Yb 2.6 (40) N.D. N.D. N.D. N.D.
Hf N.D. N.D. N.D. N.D. N.D.
Ta N.D. N.D. N.D. N.D. N.D.
w 42 14 53 24) N.D. N.D. 5.1 20)
Pb 233 4.6) 25.5 4.9) 24.6 0.9) 26.1 1.8) 21.7 4.9)
Th 27.3 3.5) 28.6 (1.9) 9.5 (7.0) 12.0 8.3) 7.7 6.9)
U 6.9 (€30} 78 a9 N.D. N.D. N.D.

a. Total Fe as Fe,0;. b. N. D, not detected. ( ), Relative standard deviation, % (1 = 5). Major elements, in mass%, with
1:10 glass beads. Rb, Sr, Y and Zr, in mass ppm, with 1:10 glass beads. V, Cr, Co, Ni, Cu, Zn, Ga, As, Nb, Ba, W, Pb, Th and U,
in mass ppm, with 1:2 glass beads. Sc, Sn, Cs, La, Ce, Pr, Nd, Sm, Gd, Dy, Er, Yb, Hf and Ta, in mass ppm, with 1:1 glass beads.
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Table 7-1 Analytical results of 42 components in 28 obsidian samples from Japan (1).

Takamatsuzawa Hoshigato Makigasawa Budosawa Hoshigato Rindo-waki
TKM021203 HSG970914 MKU021262 OBD021202 HRW020815

Na,©O 3.58 0.5) 379 (0.4) 3.81 ©.5) 364 (04) 380 (0.7)
MgO 0.093 (3.3) 0.052 (11) 0123 (3.5 0.077 (2.8) 0.054 (3.2)
ALO, 12.5 0.2) 124 ©.2) 12.9 0.3) 123 0.3) 12.7 ®.7)
Sio, 74.1 ©.2) 74.9 ©.1) 734 0.2) 74.6 ©.1n 735 (0.6)
P,04 0.014 (3.6) 0011 4.7 0018 (3.3) 0.013 (8.5) 0011 (3.7
K,0 514 (1.6) 495 (0.2 4.81 ©.9) 509 (0.2) 498 (0.6)
Ca0o 0.694 (1.1) 0513 (0.2) 0.810 (0.5) 0.679 (04) 0508 (0.7)
TiO, 0.179 (1.6) 0.114 (2.0) 0216 (1.7) 0.161 (0.9) 0.113 (2.8)
MnO 0.066 (1.7) 0.072 (0.5) 0.068 (0.7) 0.070  (0.5) 0.073 (1.0)
Fe,0;" 0.964 (1.5) 0.671 (0.7) 1.08 (0.8) 0954 (0.7) 0.677 (0.7)
Total 974 0.3) 974 ©.1) 97.2 ©.2) 97.6 ©.1) 96.3 (0.6)
Se N.D. N.D. N.D. N.D. N.D.

v N.D. N.D. N.D. " N.D. N.D.

Cr N.D. N.D. N.D. N.D. N.D.

Co N.D. N.D. N.D. N.D. N.D.

Ni N.D. N.D. N.D. N.D. N.D.

Cu N.D. N.D. N.D. _ N.D. N.D.

Zn 33.3 1.4) 26.0 (1.5) 404 1.4 31.6 (1.9) 26.3 @3.0)
Ga 5.9 2.2) 6.1 1.2) 6.3 2.7 6.5 6.3) 6.6 (7.8)
As 10.4 @31 85 6.3) 8.7 (5.9) 11.6 2.5) 838 (7.3)
Rb 173 1.2) 146 0.9) 149 1.2 191 ©.7) 150 0.7)
Sr 60.6 22 371 1.8) 94.3 ©.9) 44.6 1.9 384 .0
Y 23.1 “.9) 23.6 G2) 214 “.0) 251 “4.6) 24.6 (6.6)
Zr 117 0.9) 75.9 a.7) 140 (0.8) 105 a.y 78.8 (1.6)
Nb 8.0 (0 7.6 3.1) 6.4 (1.3) 7.9 “4.2) 7.4 (6.6)
Sn N.D. N.D. N.D. N.D. N.D.

Cs N.D. N.D. N.D. N.D. N.D.

Ba 31 (C%)) 354 @1 481 3.9) 229 “4.1) 360 4.2)
La 158 (40) N.D. 17.3 42) 177 (19) N.D.

Ce 470 (5.4) 275 (14) 480 (11) 495 (109 287 (A0
Pr N.D. N.D. N.D. N.D. N.D.

Nd 198 (10) 164 (13) 196 (25 196 (19 16.3 (16)
Sm N.D. N.D. N.D. N.D. ' 67 (24
Gd 35 (29 29 (22) 33 (39 34 (18 34 8.1)
Dy 74 (9 79 (13) N.D. N.D. N.D.

Er N.D. N.D. N.D. N.D. N.D.

Yb N.D. N.D. N.D. N.D. N.D.

Hf N.D. N.D. 47  (16) N.D. N.D.

Ta N.D. N.D. : N.D. N.D. N.D.

W 3.3 (22 40 (9 N.D. 38 (19 44 29
Pb 20.6 “.2) 16.4 (6.0) 20.1 3.9 20.7 “n 163 (8.4)
Th 15.9 “.9) 9.5 3.0 13.0 “.3) 18.8 “.2) 9.6 “4.3)
U 45 (19 31 30) 330 (30 4.9 3.1 35 (39

a. Total Fe as Fe,O;. b. N. D., not detected. ( ), Relative standard deviation, % (n =5 or 10 (for 1:10 glass beads)).

Major elements, in mass%, with 1:10 glass beads. Rb, Sr, Y and Zr, in mass ppm, with 1:10 glass beads. V, Cr, Co, Ni, Cu,
Zn, Ga, As, Nb, Ba, W, Pb, Th and U, in mass ppm, with 1:2 glass beads. Sc, Sn, Cs, La, Ce, Pr, Nd, Sm, Gd, Dy, Er, Yb, Hf
and Ta, in mass ppm, with 1:1 glass beads.



Table 7-2 Analytical results of 42 components in 28 obsidian samples from Japan (2).

Hoshigato Rindo-toge Kobukazawa Hoshigato Kitagawa Oropirika Horoka
HRTO020815 KBK021203 HKP020815 MOR030622 SHH990922

Na,O 3.85 0.9) 3.94 0.6) 3.86 0.3) 3.86 0.3) 396 0.9
MgO 0.062 (3.6) 0.070 4.7) 0052 (5.2) 0.029  (8.2) 0.022 (6.4)
ALO; 12.8 0.9) 12.6 ©.2) 125 ©.2) 13.6 (0.6) 129 0.2)
SiO, 74.5 0.2) 73.9 ©.2) 74.5 ©.1) 75.8 ©.2) 74.6 ©.1n
P,0s 0012 (5.1) 0.011 (5.3) 0011 (8.9) 0015 (4.5) 0016 (B4)
KO 5.00 ©.3) 4.78 1.9) 4.97 ©.1) 4.96 ©.1) 499 0.3
Ca0O 0.527 (0.3) 0.618 (0.8) 0.516 (0.4) 0.576 (0.2) 0492 (0.3)
TiO, 0.116 (1.9) 0110 (1.7 0.11s @3.1) 0033 (7.3) 0029 (4.6)
MnO 0.074 (0.7) 0.09% (1.2) 0.073 (1.5 0.047 (1.0) 0.056 (0.9
Fe, 05’ 0.696 (0.5) 0824 (1.1 0.672 (0.3) 1.31 0.3) 1.25 L7
Total 97.6 0.2) 97.0 ©0.2) 9.3 ©.1) 100 0.2) 983 ©.1)
Se N.D.! 5.7 .7 N.D. N.D. 3.2 as)
v N.D. N.D. N.D. N.D. N.D.

Cr N.D. N.D. N.D. N.D. N.D.

Co N.D. N.D. N.D. N.D. N.D.

Ni N.D. N.D. N.D. N.D. N.D.

Cu N.D. N.D. N.D. N.D. N.D.

Zn 26.3 2.6) 29.8 D 26.0 2.2 393 1.0 35.6 aan
Ga 6.4 2.9) 8.9 “2) 6.6 549 6.5 9.6) 73 3.3)
As 85 (5.6) 18.8 3.7 8.7 10) 8.1 6.8) 9.3 1.9
Rb 149 0.7 279 (0.6) 147 ©.5) 170 (©0.8) 195 .7
Sr 39.0 @.1n 16.6 (E)) 383 2.3) 26.9 (3.2) 6.2 an
Y 25.2 @.1) 45.8 2.8) 24.3 6.8) 25.7 3.5) 309 2.9)
Zr 79.6 a3 91.8 ©.9) 76.7 (1.6) 73.4 1.2 64.2 (1.5)
Nb 6.9 (6.6) 13.0 (3.9 7.7 (3.49) 3.9 8.5 51 (Ch)]
Sn N.D. N.D. N.D. N.D. N.D.

Cs N.D. 26.6 33 N.D. N.D. N.D.

Ba 364 a.5) N.D. 366 3.9 953 1.6) 205 (C%)]
La N.D. N.D. N.D. 13.6 35 N.D.

Ce 30.1 6.0) 45.8 5.0) 30.1 12) 29.3 as 26.3 7.3)
Pr N.D. N.D. N.D. N.D. N.D.

Nd 14.1 33 22.1 18) 16.0 an 12.3 “3) 9.0 (40)
Sm N.D. 6.4 (40) N.D. N.D. N.D.

Gd N. D. 4.9 8.6) 38 16 2.6 25 N.D.

Dy N.D. 94 (16) 1.7 16) 6.8 29 7.0 19
Er N.D. N.D. N.D. N.D. N.D.

Yb N.D. N.D. N.D. N.D. N.D.

Hf N.D. N. D. N.D. N.D. N.D.

Ta N.D. N.D. N.D. N.D. N.D.

w N. D. 6.6 (28) 4.9 22) 4.4 ae) 52 an
Pb 16.9 a3) 222 4.0) 163 5.5) 213 349 213 4.6)
Th 9.0 ©.7 26.5 249 9.6 “4.3) 104 (7.6) 8.2 4.4
U N.D. 6.9 19 4.2 38.2) 31 38 N.D.

a. Total Fe as Fe,0;. b. N. D., not detected. ( ), Relative standard deviation, % (n =5 or 10 (for 1:10 glass beads)).
Major elements, in mass%, with 1:10 glass beads. Rb, Sr, Y and Zr, in mass ppm, with 1:10 glass beads. V, Cr, Co, Ni, Cun,
Zn, Ga, As, Nb, Ba, W, Pb, Th and U, in mass ppm, with 1:2 glass beads. Sc, Sn, Cs, La, Ce, Pr, Nd, Sm, Gd, Dy, Er, Yb, Hf
and Ta, in mass ppm, with 1:1 glass beads.
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Table 7-3 Analytical results of 42 components in 28 obsidian samples from Japan (3).

Denpunsawa Ishizawagawa Tokoroyama Asahigaoka Takayama
STD990922 ST1020811 007990923 ASR020823 TKY000528

Na,O 3.88 (0.5) 3.95 0.4 3.68 ©.5) 3.99 (0.5) 3.88 0.9
MgO 0.020 (15) 0.020 (6.9) 0.101 (1.5 0.044 (5.1) 0031 (7.9
AlLO, 12.7 ©.2) 129 02 124 ©.2) 12.8 ©.2) 124 ©0.2)
Sio, 73.6 0.2) 74.8 ©.1) 75.3 ©.2) 74.5 (©.1) 74.2 ©0.2)
P04 0017 (4.3) 0016 (7.5) 0.017 (3.2) 0013 (7.5 0008 (9.49)
K0 493 ©.2) 4,98 ©2) 439 0.2) 4.55 ©.3) 5.07 ©0.2)
Ca0 0486 (0.5 0.488 (0.6) 0925 (0.2) 0753 (0.2) 0517 (0.9)
TiO, 0.028 (16) 0.027 (9.6) 0.129 (2.0) 0.047 (6.0) 0.089 (2.1)
MnO 0.056 (1.0) 0.056 (0.7) 0039 (1.2) 0.046 (1.6) 0.097 (0.5)
Fe,0;" 1.23 0.4 1.24 ©.7 1.21 ©.7 121 0.1) 0711 (1.2)
Total 96.9 ©.2) 98.5 ©.1) 98.2 0.2) 98.0 ©.1n 97.1 ©.1)
Sc 37 22) 34 12) 39 12) 4.6 13) 5.1 (18)
\% N.D.” N.D. N.D. N.D. N.D.

Cr N.D. N.D. N.D. N.D. N.D.

Co N.D. N.D. N.D. N.D. N.D.

Ni N.D. N.D. N.D. N.D. 35 (7.8)
Cu N.D. N.D. N.D. N.D. N.D.

Zn 36.3 22) 35.8 1.0 28.0 (1.2) 362 1.3) 28.5 1.5)
Ga 7.1 (7.2) 7.4 6.3) 3.7 an 5.6 (8.8) 9.2 (5.6)
As 10.1 3.4 9.7 (6.0) 6.4 3.8) 6.9 3.7 179 (1.1
Rb 190 (0.5) 201 ©.7) 158 12) 162 ©.7 299 0.3)
Sr 5.5 26) 6.0 20) 65.2 (1.8) 50.1 1.9 N.D.

Y 326 5.8) 31.6 2.2) 204 (CX)] 29.6 “.n 45.1 22)
Zr 63.7 1.9 67.1 2.5 103 (1.6) 84.7 (1.3) 90.6 ©.7
Nb 4.8 a2 49 73) 3.6 as) 45 6.2) 139 2.3)
Sn N.D. N.D. N.D. N.D. N.D.

Cs N.D. N.D. N.D. N.D. 28.6 (7.6)
Ba 176 6.5) 181 3.5 1100 2.2) 979 1.5 N. D.

La N. D. N.D. 16.0 25) 185 32) 111 an
Ce 24.8 @7 23.8 a9 36.0 as) 36.4 15) 44.7 3.8
Pr N.D. N.D. N.D. N.D. N.D.

Nd 8.0 @39) N.D. N.D. 16.0 an 22.9 13)
Sm N.D. N.D. N.D. 5.6 18) N.D.

Gd 32 20) 2.5 @3n 2.7 3.8 34 an 45 19
Dy 83 a4 8.1 3.5 N.D. 8.6 13) 94 3.6)
Er N.D. N.D. N.D. N.D. N.D.

Yb N.D. N.D. N.D. N.D. N.D.

Hf N. D. N.D. N.D. N.D. N.D.

Ta N.D. N.D. N.D. N.D. N.D.

W 44 (36) 5.5 1) N.D. 49 30) 6.9 as)
Pb 22.1 @.7) 21.6 33 21.8 2.8 284 ()] 22.7 5.5)
Th 83 @G35 9.1 72 10.6 6.0) 116 (CN)] 275 1.8
U N.D. N.D. N.D. 33 @“n 8.7 an

a. Total Fe as Fe,0;. b. N. D., not detected. ( ), Relative standard deviation, % (n# =5 or 10 (for 1:10 glass beads)).
Major elements, in mass%, with 1:10 glass beads. Rb, Sr, Y and Zr, in mass ppm, with 1:10 glass beads. V, Cr, Co, Ni, Cu,
Zn, Ga, As, Nb, Ba, W, Pb, Th and U, in mass ppm, with 1:2 glass beads. Sc, Sn, Cs, La, Ce, Pr, Nd, Sm, Gd, Dy, Er, Yb, Hf
and Ta, in mass ppm, with 1:1 glass beads.
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Table 7-4 Analytical results of 42 components in 28 obsidian samples from Japan (4).

Shirakoma

Higashimata Futagoike Mugikusatoge Tsubetayama

HFP991216 FTG020915 MGB020914 SRK020914 TBT990710
Na,O 3.81 ©.5) 3.74 0.3) 3.83 ©.9) 3.83 0.2) 3.82 0.9
MgO 0.046 (5.9 0.098 (2.3) 0117 (3.9 0113 (1.6) 0.111  (2.0)
Al,O, 124 0.3) 12.1 ©.2) 124 0.2) 12.4 0.2) 124 0.3)
Sio, 74.0 ©0.3) 74.3 ©.2) 73.6 ©.1) 75.2 ©.1 75.2 ©.1)
P,05 0.007 (9.3) 0.014 (3.3) 0017 (5.0 0015 (3.9 0015 (3.8
K,O 5.08 (0.3) 4.53 ©.2) 441 0.8) 4.50 0.2) 4.61 0.2)
CaO 0.579 (0.3) 0.699 (0.3) 0.818 (0.3) 0785 (0.2) 0.788 (0.49)
TiO, 0.109 (1.6) 0167 @A.7) 0205 (L.5) 0.187 (1.8) 0.188 (2.6)
MnO 0.086 (0.7) 0.046 (1.6) 0.048 (1.1) 0.047 (1.0) 0048 (1.9
Fe, 05" 0.837 (0.5 0.904 (0.5) 1.06 04 1.01 0.9 1.01 0.6)
Total 96.9 0.3) 96.6 0.2) 96.5 ©.2) 98.1 ©.1) 98.2 ©.1)
Sc 5.1 @an N.D." N.D. N.D. N.D.
v N.D. N.D. N.D. N. D. N.D.
Cr N.D. N.D. N.D. N.D. N.D.
Co N.D. N.D. N.D. N.D. N.D.
Ni N.D. N.D. N.D. N.D. N.D.
Cu N.D. N.D. N.D. N.D. N.D.
Zn 28.7 3.9 28.0 1.9 374 1.9 335 (0.9) 33.6 0.8)
Ga 8.1 6.7) 5.4 3.9 6.4 3.8) 6.0 an 5.9 (6.6)
As 153 (CX)] 9.1 an - 8.1 12) 10.1 (4.6) 9.5 “4.0)
Rb 263 0.6) 114 1.0 111 ©0.9) 119 1.0 121 ©.7
Sr 9.7 @7 94.2 0.8) 127 (0.8) 116 1.0) 118 0.7)
Y 35.9 2.8) 10.1 an) 13.0 0.7 11.9 12) 11.9 @33
Zr 95.9 1.1 85.8 1.4 114 1.0) 107 0.9) 107 0.8)
Nb 11.4 (349 5.4 2 58 (7.6) 54 52) 53 1.5
Sn N.D. N.D. N.D. N.D. N.D.
Cs 23.0 (5.8) N.D. N.D. N.D. N.D.
Ba 351 14 846 .5) 829 (3.9 839 22 838 @.1)
La 13.9 22) 16.5 1) 15.7 @31 133 43) 16.2 (18)
Ce 51.4 (X)) 373 13) 38.0 33 413 52) 384 5.2
Pr 73 14 N.D. N.D. N.D. N.D.
Nd 21.8 9.6) 13.6 16) 15.1 0) 155 an 14.8 1
Sm 6.0 22) N.D. N.D. N.D. N.D.
Gd 4.7 3.7 22 30) 2.7 2N 2.8 (13) 25 29
Dy 9.2 14 N.D. N.D. N.D. N. D.
Er N.D. N.D. N.D. N.D. N.D.
Yb N.D. N.D. N.D. N.D. N.D.
Hf N.D. N.D. N.D. " N.D. N.D.
Ta N.D. N.D. N.D. N.D. N.D.
w 5.0 an N.D. N.D. N. D. N.D.
Pb 232 2.6) 17.7 6.3) 19.2 (2.6) 19.0 6.3) 18.6 (6.0)
Th 26.5 G.7 83 32 8.1 6.0 8.1 6.7 7.8 72)
U 6.5 13) N.D. N.D. N.D. N.D.

a. Total Fe as Fe,0;. b. N. D., not detected. ( ), Relative standard deviation, % (7 =5 or 10 (for 1:10 glass beads)).
Major elements, in mass%, with 1:10 glass beads. Rb, Sr, Y and Zr, in mass ppm, with 1:10 glass beads. V, Cr, Co, Ni, Cu,
Zn, Ga, As, Nb, Ba, W, Pb, Th and U, in mass ppm, with 1:2 glass beads. Sc, Sn, Cs, La, Ce, Pr, Nd, Sm, Gd, Dy, Er, Yb, Hf
and Ta, in mass ppm, with 1:1 glass beads.
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Table 7-5 Analytical results of 42 components in 28 obsidian samples from Japan (5).

Nagahama Kannonzaki Kannonzaki (siro) Kitaura

NGH991227 HKN001227 HKI990406 HKT001226
Na,0 440 (03) 429 (0.4 432 (0.4) 430 (0.6
MgO 0.094 (2.8) 0.066 (2.2) 0.068 (2.4) 0.067 (1.9
ALO; 12.6 0.2) 15.1 (1.5) 14.7 0.1 14.6 0.2)
Sio, 75.4 0.1) 73.0 (0.5) 73.2 ©.1) 73.0 ©.1)
P,0; 0.020 (1.9) 0.109 (0.8) 0.107 (0.6) 0.107 (0.8)
K,O 369 (0.1 4.04 (03) 409 (0.2) 406  (0.1)
CaO 0.643 (0.3) 0.549 (0.5) 0555 (0.5) 0.564 (0.3)
TiO, 0.107 (2.9 N.D.? N.D. N.D.
MnO 0.068 (1.0) 0.101  (0.8) 0.102  (0.3) 0.101 (0.7)
Fe, 05" 0.846 (0.5) 121 (0.3) 122 (04) 121 (0.3)
Total 97.9 0.1) 98.4 (0.6) 98.3 ©.1) 98.0 ©.1)
Se 39 @1 N.D. N.D. N.D.
A N.D. N.D. N.D. _N.D.
Cr N.D. N.D. 'N.D. N.D.
Co N.D. N.D. N.D. N.D.
Ni N.D. N.D. N.D. N.D.
Cu N.D. N.D. N.D. N.D.
Zn 21.8 1.9 56.4 (1.6) 56.6 0.8) 61.0 1.0)
Ga 3.8 0.1) 12.1 (5.5) 12.1 Q@.5) 12.0 3.9
As N.D. 81 (10) 61 (1) 61 (29
Rb 82.5 (1.4) 91.2 (1.6) 100 0.7) 100 1.6)
Sr 43.1 (1.8) 57.2 Q24 59.0 (1.4) 59.9 .5)
Y 23.0 5.5 63 (22 58 (28 54 (25
Zr 72.3 @5) 36.1 3.5) 385 Q.9 38.7 @3B.0)
Nb 53 (6.8) 15.1 2.9 15.0 .9 14.8 Q2.9)
Sn N.D. N.D. N.D. N.D.
Cs N.D. N.D. N.D. N.D.
Ba 652 3.1 903 (1.5) 914 0.9) 908 2.6)
La N.D. N.D. N.D. _ N.D.
Ce 200 (25 N.D. N.D. N.D.
Pr N.D. N. D. N.D. N.D.
Nd- N.D. N.D. N.D. N.D.
Sm N.D. N.D. N.D. N.D.
Gd N.D. N.D. N.D. N.D.
Dy 7.0  (10) N.D. N.D. N.D.
Er N.D. N.D. N.D. N.D.
Yb - N.D. N.D. N.D. N.D.
Hf N.D. N.D. N.D. N.D.
Ta N.D. N.D. N.D. N.D.
w N.D. 28 (21 N.D. N.D.
Pb 9.1 (14) 22.2 1.4) 21.0 3.8) 23.1 2.7
Th 32 @) N.D. N.D. N.D.
U N.D. N.D. N.D. N.D.

a. Total Fe as Fe,0;. b. N. D, not detected. ( ), Relative standard deviation, % (n =5 or 10 (for
1:10 glass beads)). Major elements, in mass%, with 1:10 glass beads. Rb, Sr, Y and Zr, in mass ppm,
with 1:10 glass beads. V, Cr, Co, Ni, Cu, Zn, Ga, As, Nb, Ba, W, Pb, Th and U, in mass ppm, with
1:2 glass beads. Sc, Sn, Cs, La, Ce, Pr, Nd, Sm, Gd, Dy, Er, Yb, Hf and Ta, in mass ppm,

with 1:1 glass beads.



Table 7-6 Analytical results of 42 components in 28 obsidian samples from Japan (6).

Koshidake Koshidake (zara) ‘Tsurami Oguni
KSD030721 KSH010130 KTH030225 OGN030225
Na,O 3.8 (0.5 383 (04) 397  (0.4) 394 (05
MgO 0.039 (5.4) 0.036 (15) 0133 (L9) 0.130 (1.8)
ALO, 13.1 ©.1) 13.1 0.2) 13.1 0.2) 13.1 0.2)
Sio, 741 0.1) 74.1 (0.1) 73.4 ©.1) 73.4 ©.nH
P,0; 0015 (2.2) 0.015 (43) 0.020 (1.6) 0.020 (2.9)
K,0 498  (0.1) 501  (0.1) 472 (0.2) 476  (0.2)
Ca0 0.684 (0.2) 0.683 . (0.2) 0.967 (0.2) 0943 (0.2)
TiO, 0.038 (4.7) 0.039 (73) 0184 (1.9) 0184 (1.4)
MnO 0.047 (11) 0.047 (1.5) 0.074 (1.0) 0.074 (0.8)
Fe,0;" 120 (03) 120 (02) 133 (04) 134 (0.9
Total 98.1 ©.1) 98.0 (0.1) 97.9 ©.1) 97.9 0.1)
Se N.D. N. D. N.D. N.D.
Vv N.D. N.D. N.D. N.D.
Cr N.D. N.D. N.D. N.D.
Co N.D. N.D. N.D. N.D.
" Ni N.D. N.D. N.D. N. D.
Cu N.D. N.D. N.D. N.D.
Zn 475 (0.9) 477 0.3) 43.8 (1.4) 439 0.3)
Ga 105 Q@7 10.2 54) 6.0 8.6) 5.7 (7.8)
As 12.7 (5.2) 12.9 “4.2) N.D. N.D.
Rb 204 0.49) 204 0.6) 153 (0.9) 153 1.2)
Sr 41.7 1.6) 41.9 (1.8) 128 ©.7 123 (0.9)
Y 22.7 (4.0) 223 6.3) 28.3 @.4) 28.4 (6.8)
Zr 74.5 1.4 73.7 1.2) 139 1.9) 139 (1.0)
Nb 17.0 @7 170 (2.6) 13.4 2.8) 134 (1.8)
Sn N.D. N.D. N.D. N.D.
Cs N.D. N.D. N.D. N.D.
Ba 239 22 238 4.0) 885 .7 883 as3)
La 153  (30) N.D. 339 (14 283 8.5
Ce 36.5 8.9) 321 a1 7.7 4.8) 69.5 5.3)
Pr N.D. N.D. N.D. N.D.
Nd 101 (30 104  (18) 264 (13) 282 (14)
Sm N.D. N.D. N.D. N.D.
Gd 29 a7 25 (15) 52 8.5 48 (23
Dy N.D. 73 (13 AR Y)) 79 (25
Er N.D. N.D. N.D. N.D.
Yb N.D. N.D. N.D. N.D.
Hf N.D. N.D.. N.D. N.D.
Ta N.D. N.D. N.D. N.D.
w 6.1 2.6) 60 (17 N.D. 36 (21
Pb 274 2.6) 28.0 249 233 (53) 225 4.9)
Th 15.5 (3.6) 154 2.5) 133 5.3) 13.9 (3.5)
U N.D. N.D. N.D. N.D.

a. Total Fe as Fe,0;. b. N. D,, not detected. ( ), Relative standard deviation, % (n =5 or 10 (for

1:10 glass beads)). Major elements, in mass%, with 1:10 glass beads. Rb, Sr, Y and Zr, in mass ppm,

with 1:10 glass beads. V, Cr, Co, Ni, Cu, Zn, Ga, As, Nb, Ba, W, Pb, Th and U, in mass ppm, with

1:2 glass beads. Sc, Sn, Cs, La, Ce, Pr, Nd, Sm, Gd, Dy, Er, Yb, Hf and Ta, in mass ppm,
with 1:1 glass beads.
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Fig. 11-1 Binary diagrams of the ratio of concentration data by the
parameter after Mochizuki'>®.
@, Kirigamine; A, Shirataki; A, Oketo; vV, Tokachi; O, Yatsugatake;

x, Kozushima; B, Himejima; O, Koshidake; @, Nishioguni.
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Fig. 11-2 Binary diagrams of the ratio of concentration data by the
parameter after Wada ef al. 13,

@, Kirigamine; A, Shirataki; A, Oketo; V, Tokachi; O, Yatsugatake;
x , Kozushima; 00, Koshidake; ¢, Nishioguni.

54



Rb/Zr

4.0 0.8
°
3.0 L 0.6 -
0O e
A § i
200 v e o N 04 + oW
e A o o e X
1.0+ X ® o Qg 0.2 - ° ° o L A
. o .
® (ii)
0 T 1 I I 0 1 T I
0 1.0 2.0 3.0 4.0 5.0 0 10 20 30 40
Ti/Mn Ba/Ce

Fig. 11-3 Binary diagrams of the ratio of concentration data by the

parameter after Constantinescu ef al. 139),
@, Kirigamine; A, Shirataki; A, Oketo; V, Tokachi; O, Yatsugatake;
x , Kozushima; O, Koshidake; ¢, Nishioguni.
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Fig. 11-4 Binary diagrams of the ratio of concentration data by the

parameter after Elekes ef al. 133,

@, Kirigamine; A, Shirataki; A, Oketo; V, Tokachl, O, Yatsugatake;
x , Kozushima; W, Himejima; (0, Koshidake; 4, Nishioguni.
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Fig. 11-5 Binary diagrams of the ratio of concentration data by the

parameter after Yacobaccio ef al. 139,

@, Kirigamine; A, Shirataki; A, Oketo; V, Tokachi; O, Yatsugatake;
x , Kozushima; M, Himejima; 00, Koshidake; ¢, Nishioguni.

0.15

S 0.10- -

é °

~ " o o “

2 0.05 “ A A O v fe) © 0

: \
Futagoike

0 T —1
0 50 100 150

Sr / mass ppm

Fig. 11-6 Binary diagrams of the ratio of concentration data by the

parameter after Bellot-Gurlet ef al.

136)

@, Kirigamine; A, Shirataki; A, Oketo; V, Tokachi; O, Yatsugatake;
x , Kozushima; B, Himejima; 00, Koshidake; ¢, Nishioguni.
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Fig. 11-7 Binary diagrams of the ratio of concentration data by the

parameter after Ambroz ef al. 139,
@, Kirigamine; A, Shirataki; A, Oketo; V, Tokachi; O, Yatsugatake;
x , Kozushima; W, Himejima; [J, Koshidake; ¢, Nishioguni.
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