BOCXHRIZ K o e LMD ot - T D1 FEE IR

=S58 jpn

H AR

~EH: 2008-01-25
F—7— K (Ja):
*—7— K (En):
ExE: £A, A
X=)LT7 KL R:
FlE:

https://doi.org/10.14945/00000350




H KR IERBI MRS  24(19974E7H )43 B ~58H
Geosci. Repts. Shizuoka Univ., 24 (July, 1997), 43-58

BEXRICLDEHRLFHEMDIS IR
—ED1. EBRF—

2 A & AN

Whole rock analyses by X-ray fluorescence spectrometry

— 1. Major elements —

Atsuhito MOCHIZUKI'

Abstract  X-ray fluorescence analysis (XRF) is one of the easiest and most rapid analyti-
cal methods that can be used for major and trace element analyses of rock samples. This
paper presents an analytical technique for major elements in rock samples by XRF.

Grinding experiments were done by the planetary ball mill Fritsch P-5, and
granodiorite and andesite were used as hard and less hard samples. First, samples were
crushed into small pieces (< 4 mm in diameter). Approximately 20-25 g of samples were
set in containers made of tungsten carbide (WC) and agate. A rotation speed of 200-300
rpm and a grinding time of 20 min yielded rock powders with an average grain size of 3.7-
84 pm and a dispersion of 11.7-122 ¢ m® for WC containers, and an average grain size
of 5.9-6.2 #m and a dispersion of 34.8-69.2 1 m? for agate containers. However, agate con-
tainers could not grind granodiorite samples completely.

Rock powder was fused into a glass bead by a glass-bead sampler Philips THG-5. The
rock powder was put into an oven and dried overnight at 110 °C. The mixing ratio of the
sample:flux was chosen to be 1:10 to reduce matrix effects and 0.5000 g of the sample
and 5.000 g of LiBiO; were weighed and put into a Pt cup. After trial and error, the
most suitable conditions of fusion were determined.

To correct for variations in X-ray intensity, three corrections were made: monitor and
drift corrections to adjust the temporal variations for long and short periods, and a bead
correction to cancel variations arising from the roughness of the bottom of the Pt cup.
Among these, the drift correction was found unnecessary because of the stabile X-ray inten-
sity during the measurement. The bead correction is expected to be useful, but its effect
could not be confirmed.

36 samples ranging in composition from basalt to dacite were analysed by XRF ma-
chines of Shizuoka University and the Institute of Earthquake Research, University of
Tokyo. Both gave consistent results with relative errors of +5 % for SiO,, TiO., ALO;,
Fe:0;, MgO and CaO. The relative errors are less than +10 % for MnO (> 0.1 wt%),
NazO (> 2 Wt%), Kzo (>05 Wt%) and P205 (>02 Wt%)

Key words: X-ray fluorescence spectrometry, whole rock analyses, major elements, glass
beads.
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HIXBaHrE (XRF) 328 tEMROE’RICA
CAVWAN, kKEORKBERE BHETIHTLC
EATETHS. FRIIXRFEAVWCEREABOLE
{LEMR DT LB EROBRBE, TR FO
ERRUVEBTEOZRDICOOMESHEIZOWTE
LHRILDTHS.

HERRE

REHBAYOEE
FEFBOEEORNR ® Figl IZmd. LTIz
DOEERBIZDOWTET.

HEDZRF A 2D
ROBENEMEIZTODOEETHY, BBOE
RREEIZ & > TIXEET S, DN T2EEHER%Z, 5
EHvy ¥ —TEZ5mm I EORRIZINTIT S, Z Dk
BEOENMZEBLTWAES, REESHRBNTHSHH
DEH Y —THEDEETH, ¥/ TRF U H—IN1
FRIOHSETHE L TFTRYIERL., EBEEe—7—
AN, KEKTEEL, HHLLDHT L b v (RIKHM
WT¥ () OEHRAE) TROWEZVIBDSREEZL
TEREIE5.

HHD%iR
WKEZERBMIbINTHERIL, BKORE
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Removing salt by
boiling & rinse with
distille.d water
Removing secondary
carbonates by rinse
with HCl

Crush in WC mortar
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[Fine rock chips

(<4 mm)

AV ZRBBES EEATWAITEENS VDT,
EREXETS. £, ATA A LEERAREY VT
RFUH =N FOASTEIecmIZEITHAEL, 1) »
FVOY—H—IZEEBKEEBIZAND. K—FRHEE
Uk, WEMEKABRETBEZISLTRICERS
EALRIC S A ABAE UBEIE, BRKEREOE/LS
YW LADBRENRT S TRNEEZBNDDT, HHE
ZKEKTELSTTWAER, BEKTHEEL BEZR
BKRKEAINT—HHEBEHRTSH. INEHHBEEZ ML T
HIELRIZ L ABENE L L D FTEYET. 1B
LRIz T ARIEHA I o -3 BHE, KEKEEZE
KTELTTE, ZEKPTEDIZ—RREIERL -1k,
FEAKTHRH®EL, TV TRWEZFTNVIBTS
LT —T /R TEREIES

T, 2RHRRBIESWORCI[ERENELX S
GRENT, FEBRICUBMIRI CRBEI = BRRL
T=te, HEBKTCEILTTE, 7 b ryTRWEZT NI
BThI % L TA—T /I TCEREIES

Eaw S I-E Y

HEERE—NINTHBTELIREIIZITHFET
H5. HEETOEFEZER LR, FLIFNVEIR
FC#<L. #FOLizy VT AF v h—N{ FOH %
BWT, R/ RALEBREREANTHET S, %2
OB, BW-E2EANEABIIRUOCESWE DIz, F
LHZRZBT - TRES2IZLIIOI[Y, A HHE
EANTEL & &, HABPLHBOWBCOREAZHT
Bz, HBIILTERREZITIZYIS5E5I1IZL,

Grinding by
Fritsch P-5
planetary ball mill

Rock powder
8.5088 g

I |
Fusion by Philips THG-5
glass-bead machine

\

LipB407 flux
5.008 g

WHBE analysis )

Fig. 1 Flowchart showing the procedure for the sample preparation.
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HSOHEIZIIY TRV It EET S, —EIZR<
ERASARF 12U, mMENMZSIT TS, ®RIZ
ARBEHIZ, EHREEMMMmBOKEZIIILSET
B THE<LE, R—NVINTHREBELEY. BW-EE
Br—b—icB L, 5007V THELET
WIBETHTELT, -7 110 C) TEBRIE5.
—DODREB RO KT, Ty, FA5F,
FLATAL TERANT, $L8k FLE FEBFRETEIC
BERL, TIREW=FLIAIVETRT S,

MEOFIE

MEZi:, FRITSCHH® D “BEEBEX-NVINVP—
5 (Pulverisette 5)” =Rz &R, R—NVET7 L L
VTRW=E, 80cc DEEIZ, EEE 10mm OXR—NV30
BEEREZANT, FEIZvy bT 5, BRIXER
2 ERBALENALDIC Yy FT BN, NS UXER
DHLTERE—EIZ4EXE, 8Ety FTH £
TOBEBIZANAIEZTOFRARA ZVWHEE, fFd AN
FTIZEDFEFE Ly bT5. HRMLLEARORERR
EF=DIZAFH Y (n-~FH YV, FORMETEHE) O
BEEE 7o VS HARE) 2N ABEE, B
BOX BT —TTHEL THL., HBEEE
EMEty FTBE, BENETS.

BMEXART LT, BEEROH LR, BEsEr—
NVEKEWT S, ¥V ITRXF /=4 FOBRITL,
HNBE T ATV UVREDESEIBEL®TVDT,
TSFAYFTINTKEERDREX, 5V SOTTCERE
X85 RIZBEBIZRA-NVEAN, AED (FMME
THWE)) 28580 2/3 T TAN, 109/, BEEE 200
rpm TEEE LSS T 5. RS, BEDER
DHL, KWL, T<CKEERMORBRE, ERIE5.
REBEBIIEBITE bV TERWTHEL., K=, ¥—
H—IZANT e EHREZLTHH 10 pHEESR RS
17, BEEESRER F—-NVEROHEL, 35—F
T kb VTN, ERXE5, HBLEERNL, T
P TEBRELREEBOCAIZAN, Ty —% —FiZfE
#1535 RBEOAICIEY VTINVEETZA LD I N
WEENVSITTEL., £ BBEBUVADLZIZEE
Tz IINVEETRAT A,

REHOBBRH

WIZ, R=NVINTORBREGERED-DDERIZ
ONTHBRB, BRI NZHTEEBELTERDKE
XEFRB 2, BEFE 10mm, 5mm, 4mm, 2mm
DREXDLOEHEL, F—NVINVOEEK WK
B, REE, ~FVVORNOBELREOEELE

F2HATLH—INA FFE

T IITRF VBN, FBRBETORBOER % Table
1IZRT. Rk, TEERETHS. F4mm L
Tz %A 2 722 13 EEER 200rpm T 40 2 LI Bk B
T2E, DICHERATEAREIICRS, EXB&
VAFH % 5ml & 10ml 2z =3 22250, Eix
% 250rpm IZ U TRBEZELT - THZA, WTnd20
SHETEBBLENZ» 7. LML, ERTHEE
# 300rpm TIX202 M CTHMICHEAT HDIZ+ 3 ek
ErEons.

Table 1 Result of grinding experiment by WC con-
tainers.
Weight Rotation Gripding D.iamet.er of
Sample @ speed time c?ups, with or | Result
(rpm) (min) | without hexane
10 X
20 X
30 WX
30 200 40 @10 mm, dry X
B0 X
60 X
70 X
80 X
10 L
35 200 20 @5 mm, dry X
30 X
30 200 40 |@5mm,dry | X
50 X
35 | 200 40  (@5mm, dry | X
50 X
Granodiorite 20 X
25 200 30 @5 mm, dry X
40 X
50 X
20 DXL
20 200 30 4 mm, dry %
40 O
50 o
20 250 10 @4 mm, dry x
20 X
20 | 250 10 |@4 mm, I
20 Hexane 5 ml X
20 250 | 10 @4mm, e
" 720 |Hexane 10 ml X
20 | 300 10 |@4 mm, dry Q.
20 @)
25 300 10 @4 mm, dry N Q
20 @)
ASIRE
A JIBRBTORRL, RBEHK%Z 2 T300rpm TT -
72(Table 2). 7FERPIRE T, ZF4mm LT ORE%

60D L CLRITROD D -7z, i, HRIZ 25
EERIREEZRI LTz ~AFY % 1dml iz
TO0 DR LmE 25, HERIZED, BITEDA

ANz, KIZ, AFH & 20mIIZ L TR, FEi
Thotz. IHIZ, ~FH 2% 5mlinzx TI0 oHE#HET

1A, BHITRBROMRS 5T, FIT, ~FHUEFSY—
Wiz AFTE5I210ml inz TH=A, HFE D EH
Aokt ®IZ, YV TIVOE% 20g 5 5 15g
IZE G L, DB AFH V% 3IBml AT 100 &
Bl Tahizns, BITBURD -7, 52, 20 2Rk
BEHFITTCLEABETH 7=, BITED ZKE L T2k
BERETBEE L 25, RERORSERTH - -,

ZUEABRHZ DWW TLRBOEREIT -2 2 5,
FZdmm OB CRERTIB/BATORBELEN L) -
7. L2L, B2mm Tz LizEZ A, X 30 9[-
THBRTE /.

BLEXY, A /BB TIIHROER « FEZEODHE
WEIMEEE LEERRIMBTE T, BETRETH-
THEBEZ2ETIZ b s, FZTEHRET
BBEORBOBBIZEY VI 2F =1 FEOD
BEABAD, aNNNV e EEBIrLOMETEDORA
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Table 2 Result of grinding experiment by agate con-
tainers.

S Weight Rotation andlng Diameter of chips,
Sample (g) speed time | oith or without hexane Result
(rpm) (min.)
|0 x
20 300 60 |@4mm. dry X
G0 Do
15 300 GO @4 mm, Hexane 15 ml X
20 300 GO @4 mm, Hexane 15 ml X
Qenanodiorite 1 300 60+10+10 |@4 mm, Hexane 20,5, 10ml | X
GO+10+20 X
20 300 GO+10+10 |@4 mm, Hexane 20, 6, 10 ml x
GO+10+20 X
15 J00 _ 100 |@4mm, Hexnne 35 ml X
120 X
10 300 30 @4 mm, Hexane20 ml x
20 300 | 80 |@4mm. dry ] x
20 300 30+30 |@4 mm, dry, Hexane 15 ml x
Andesite 15 30 30 @4 mm, Hexane 15 ml X
15 300 _ 30 |@4Amm, Hexane 30 ml x
60 X
2 200 30 (@2mm, dry O
60 (@]

ERITAVLELHDBEDH, A/ TOBEBEERAT
A iz L7

e L

WS 52 EDTEREHEODDHEIZOWNT, BX
Rl a AR E FFAMSE (SEM) TEHEL, WERF
7otz RBHEIRS A FHSA LT RFUBIEE
RBE&L, B bXgktt RNFIEHEMITEIETHEL
7. ZOHEBDOSEMEES®ZXF»F+—T/ Y aVIiZA
L, RFoE EE EELEEZEELE.
ZFOD#EE% Table 312, WEEINTFH, BENTE
DOB%R% Fig. 21Z/R L7z, BFKEHKla, ¢, ¢, g hd
59N TE10um LA EDRIFA50% DL EZ &,
S HPITRENRKELS T EEONREN. F, BRHA
¥tb, d, e, fiF, HEBAREINISEELEETNT,
—HB43EEEIHINRNEIEDR, BIZOBOED
MEW T DORERL W &0 5D (Table 3).
WEONZOWERNZ E, WERONTDEHNE
<irBd (B - KB, 1979) Z &5, 8 DDk#EEt
OETIERRT 5B 25g, BB/ 204, Eis
#23300rpm & VI RESROEZ LW ERbNS.

HFAE— FOES
FROTCEDEERDPRIHN T AL~ FERICK 57z,
Eﬂ%‘”:@iﬁ7k7h TEE)) F UL (L12B407) E}:ﬁb‘, ﬁv‘ﬁ:\’
RAEE L (1991) T -T, 1:10& L. ZNiZ
FOBEOLENLBWEBEIZE T N v 2 XBR%
INELFAHZENTEDEEZLNS., BBHIZHIL
MRS ENTVWBHBEIZIE, EY— FERIC»»DHHEIIC
HE#1000C THENT, FitE oL Ts<. Z0
PEAEY — FEERIZLERED 2~3 1% (¥ 1.5g) OHER#
FRBEONVY RZFVERY, BEOSET 5. BXR
Iz A=k, B %1000°C & E L THFHE~—K
BB, BREFENGZEZL, YUV ERVDHEL,
BEE L TWBIBEIIA ) THHBTHFRIZT 5.

HSAE— k{EBLE
MBLERBOAS>TWAHT S ZAVARE—T

(110C) TRz 5. BMHOEKURIEE) F 7 4

(LiBO) d E—H—iz AN, 7 bV TRWEZT VI

BTHhZLTAF—T V/TC—MERIE 5. BAI,
BULe&HDBIDTHHLT v FAVEZIE, XHRED
ThdZENERBINTWS (1B - 38, 1991). #

IT, ¥FUFEER ORXXESITAREDRE UHE
oy FESOLOERE L. F£/ FEIX0ImgF
TERTEXALABEBFRE (PN PO AHBEF YL b
SI79RVAS) ZREW-.

FEXITONC, FESFEEFERLTSBL. -7
VAR LRI T — Y —DF THRES I H
7%, 0.5000£0.0001g OHEFE TFEE L, MHIS AR
5.0000=0.0010g DEE CHET 5. FEIZAVWSIX
NRF 231, T P TROWE BDTEREETS
ki, FEL-RBEBEIZ—DDESHKIZAN, E
AEEFOMITREOIZLTCRESE S ZOREIL,
R BEERBEILRVWESITEIZTD. RExw
B AIFENDLPVET.

R EBMFIOBREWEIESL (PtI5%, Aud %) D
WY EIZVWN, HIRE—FH VTS5 —i28y LAY
SAP— FEEL. HIAE—-FIE, WUYREEEZL
TWHENDREE RA2DT, BEFCTHNWEDIZ
T5, —OONYRIMEAFRERD BIIEUCVY KE
B, fERLEZE— FIZRNVYREIZHE LES T AHT
5. VYROEMMNMBATE =L, PEIZIDUTCHEAHD
R TEL N, BATDATENWRSWENES
N o bH LWV YRETIRT S, BEik E—
Rz Xk E 2R (R A2 & %R L,
SHEORMOEIZABE2EE—-FES (BLES)
BEHEA LY EITIY, Fro2F&0/hEnE—
VT AN, Fovr—F—hiZBEFELTEL. oK
VBT EERRL, F— FBES L E DI — FEE]
H BESurs35 .&s%iELTEL.

P— FEBRYHBELAENVY AL, Ty THRE, ZF#
REx Ltk HIZXBE W IEEZHEISD,
kOZBEIE AND, —HOEEE, VY RIEFHEEES
ZRLTEL.

WY ELBIEANEVWE— F235 - B8, FEE
K ANTEEBML, TELHLTNVYERIOBRVE
<. EFNTHLENBTWITS R INIE, BEIOHRE
#og vy Rz AN, E— N3V S5 -THBEBMT S
XBIZNVYRIZEL Y S AMIE, EREICAUZBRLE
B LTWAERESEAEY. ZOHERNVY XE Kk
BB —HOITTES TS AMERDKRL. 2B
SIIEEREELIZE— I —IZANTKy P U—F
FCHBEXE N LD IMBTS. ENWIZT T R
FEOBRWS, BHERY—FEZ 7 ZHEBOWBEO~
FIiz& 1lmm O A 7TEY FRX—X v %220 T, VYR
DEE*HET S, WEIEBIZFEEEREAD &1,
BEICAW-EBEERVELS L2, FRIZTIEEL N,
HER LY KB OFERIC O T - THL.

E— k4> 77— DBMEHEDHRTE

HI2E— FOFEEIZIE, BE7 ) v T 248 “T
HG-5" ZBWwW=., Zhiz, RBE, B ERBOZFN
FNOENERBE%RE LB T/ L2908 EE T
EXETHBLLIENTED, 77U, ZOREWRNV
VEOEH 3mm FTIZHE L-BBNTH -72d DT,
BRFOREOBETII Y. REERE, BFREREAL
FORRBDIHDOBEMT OIS LEREL (FTass
L1, 7, 8, 9 :Table 4), BHMEREIT -/,
Bz, ANV FOMEET, BAREZELIZL



47

BEXRIZ L 5 LB LERR D DT

100

(%) Aouanbaij eageinwing

(%) Aouanbay sageinuiny

100

(%0) Aduanbaiy

[ = (=] o Q o (=] [=3 o [=] o o o o (= o o
o ] ~ © ("2} < (2] N - 00 ~ ©w 0 - © o~ - (=]
8 8
[=] =)
< -
e
(=]
& ; &
=} S
- o L= © © « ~N o © o~ o @© w0 - o~ (=]
- - - - - -
(35) Asuanbasy (20) Aouanbaiy
=
<
=
20) Aouanbay eaneinung (%0) Aouanbayj aaneinwing
(=] o [= o [=3 (=3 (=] [=] o (=]
& R 8 8 2 8 R ¢ o R 3 3 8 8 2 o
o (=3
I3 o
o
T 2z
c 2
[ 38
3
o E3 L
@ S0 (=3
m P—u' r 40 <
[
4
L
[
4
L
o ° o
~ N
o o
o (=3 @ «© - N (=] o~ o «© ©o < o~ <

(%) Aouanbaiy

Major axis (um)

Major axis (um)

(%) Aousnbay aaneinwng

m (=3 o (=) (=] o w
= &8 8 R 8 8 ¢ 8 o 2 B R 8 8 ¢ 8 18 ¢
3 -
(=3
<
(=
o~
(=]
o o~ o © © < o w0 < o (=] © ©w - (=]
- & e = b4 2 =2
—_ °,) Aouanbaiy — Aouanbayy
] =
p= -
(25} Aouanbay; aaneinwiny (%) Aouanbayy aageinwny
[=3
m o [=] (=] o o (=] (=] o o o o [=] (=
- @© ~ < 2] - o« - o - (2] ~ < 2] < ™
g
+
l o
-
<
1
¢
p
&
4
v
o
o] - o [=] @© w -4 [=] w - o~ (=] ® © <
—_ (%) Aouanbai4 — (o) Aouanbaiy
O )
A =

60

40

20

60

40

20

Major axis (um)

Major axis (um)

ground by the planetary ball mill Fritsch P-5. (a)-(h) corre-

Fig. 2 Grain size distributions of rock samples
spond to the run I.D. of Table 3.
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Table 3 Grinding conditions and average grain size and dispersion of ground samples.

Run I.D. a b c d e f g h
Sample granodiorite | granodiorite | granodiorite | granodiorite | granodiorite | granodiorite| andesite andesite
Weight (g) 20 20 20 20 25 25 20 20
Rotation 200 200 300 300 300 300 300 300
speed (rpm)
Grinding time 40 50 10 20 10 20 30 60
(min.)
Averave size 7.12 4.93 5.41 4.79 8.41 3.65 6.23 5.91
of grain (um)
Dispersion 40.9 31.5 32.4 34.0 121.9 11.7 69.2 34.8
BB OF B A S B 7-017, B FU AKBE (a)
(0.3 g/ml) &Mz, EBEF-72. ZOKE BE 2160
EMENOT AV A P ETOEWHEREEIZE - T, & «  Program 8 JR-2
BALY F 7 AKEH0.228 1T 07 5 A 1 TRIFAE - £ 4ol ° Program9 JR1y
FaREBT A ZENTER Fi ENERITorS ; . :;;ggiz“m’ ; 4]
AT TRALY F7 AKIEH#0.30g 2 E L7z, = 50 & IR 314.
EBOR)FILKBREZFEARAT 2L, E— Fep o i
TRETEREEDO Laisi Al Kafiot—N—3 v S 9 .
THRIEMNE U S, 22 TR+ ARRmETIz £ 100F A
E— FEERT IERET 72 £IZIT - -FEBRTH g R
BHEEFOEEREOHTIE JR-1~3 2 H D BRL LIZ g 80r P
A o7eDT, ZO3HREHI DV TRERE % 560C g ey , 1
MET0C ETEAT (Fus541, 1. 9) B g %4 50 60 70 80
EREIT -7z, FOHER, TulZS56|l TE—ETHE SiOz (W19%)
R+ EnTE sz, BESSS 01 2ET
Uik 25, BRTDHIENTER Turssal, T,
IZ&k > TER LI E— FOTERE R T HE—F
WEXHRL- XEHELEETSE, BEXRIED (b)
Tul S h9ESIiOXERENELS, KIMESk->T é‘
W3 FuYFATESUST L ELEES LT z 250 P
BLEE—FOHRBFFEAEELDLY, Tuss548 ot I~
TR LI OEHERE D b LY FITE V& 2310 £ 200F . I
Oy FENTWA (Fig. 3). Zhix, Tours/549 = &
TIBRECEMMBR LD, BEACKAERLL 5 1501 ] JR-3%
TREMEMNE 2 DN D, ®-T, RBEISETCEMT S o . JR-2
VY, TEAHETEEBRTERETEML, —ETH % 100+ .
BMTERWEZZIALTU IS 528V ERERLITRI A o .
NEWeEEZBND, Z2IT, 7uZ551 X0 5 50t /,-
MzEL LTl 68%BEL, TOMOERER 7 o
¥HIT O 75 A8 THBELE. UL, ERRSRIC T 0 , 1 . 1
SUREHIHBF ORI LTI, VY E» BN g 0 1 2 3 4 >
P 7, HMOBERABORERS»SKE IITN, K20 (w1%)
& <IZ Si Ka DFREARERE 2 SIO; ?ﬁ;ﬁ@ E—-FD2fE Fig. 3 Corrected X-ray intensities of the standard
EWBEIIZETAZEMNDHZEAFHBE L Inid, glass beads made by four melting programs
REDLS BEBEOE T 7 MEBELY TEES r(lr([)‘;a'rtr)ll:.ﬁsg()i' b Tt};leose)gfras):f 9ig2:?dssiti:§corgﬁfe
tig%é;i;::?ﬁgfﬁbﬁgéx qjifé)cgfgi%gg to the procedt};re described in the text. g
VIS A . T . - VIS5 a
ZIIEBEEZ600CIZFTLIFT (Fus 7 410)
HEEFIEFHRINT A I X > THHE LT HAEXB2IE

DEDZErB, BEORIZER ZHEMETIZ
SulS A8 THBML, |HBIZBEMTERr->7%
B, ¥S5—ESTulSLA8EEVET I EIZU.
F7-, BV AL ULKBERBIZIEGEBL, D5
B0 a5 A0 CHEATAWCERTSZ&IZL
7=.

PR EXRFOREFZEDRE
EHFEIZGHEAREEETHIRBIEREDO 7+ Y v
T ZAPW2H00RI B X TEBE 2 A7z, R
VEFE7 4 VEOBH RhEREHEZX, TROHIIE KW
2R > - FEMEEE 24-60kV, EEHR 125-50mA D&
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Table 4 Four melting programs of the glass-bead machine. (a) Program 1 with the maximum temperature of
570C, (b) Program 7 with the maximum temperature of 660°C, (c) Program 8 with the maximum tem-
perature of 560C and (d) Program 9 with the maximum temperature of 700C.

(@

Program 1 STEP 1| STEP 2| STEP 3| STEP 4| STEP5| STEP 6| STEP 7| STEP 8| STEP 9
Temperature (°C) 500 500 570 570 570 570 570 300 0
Time (sec) 60 60 120 150 150 150 90 30 1
Rotation time
start 30 0 0 0 0 0 0
duration (sec) 30 120 150 150 150 90 30
Tilting time
start 30 10 10 30
duration (sec) 120 140 140 60
(b)
Program 7 STEP 1| STEP 2| STEP 3| STEP 4| STEP 5| STEP 6| STEP 7| STEP 8 | STEP 9
Temperature (°C) 500 500 660 660 660 660 660 300 0
Time (sec) 60 60 120 150 150 150 180 30 1
Rotation time
start 30 0 0 0 0 0 0
duration (sec) 30 120 150 150 150 180 30
Tilting time
start 30 15 15 15
duration (sec) 120 135 135 165
(©)
Program 8 STEP 1| STEP 2| STEP 3| STEP 4| STEP 5| STEP 6| STEP 7
Temperature (°C) 500 500 560 560 560 300 0
Time (sec) 60 60 60 90 210 30 1
Rotation time
start 30 0 0 0 0
duration (sec) 30 60 90 210 30
Tilting time
start 30 60
duration (sec) 30 180
(d)
Program 9 STEP 1| STEP 2| STEP 3| STEP 4| STEP 5| STEP 6| STEP 7| STEP 8| STEP 9
Temperature (°C) 500 500 700 700 700 700 700 300 0
Time (sec) 60 60 120 150 150 150 85 30 1
Rotation time
start 0 0 0 0 15 0
duration (sec) 120 150 150 150 70 30
Tilting time
start 30 15 15 25
duration (sec) 120 135 135 60
(e
Program 10 STEP 1| STEP 2| STEP 3| STEP 4| STEP 5| STEP 8| STEP 9
Temperature (°C) 500 500 600 600 600 300 0
Time (sec) 60 60 60 150 150 30 1
Rotation time
start 0 0 0 0
duration (sec) 60 150 150 30
Tilting time
start 30 15
duration (sec) 120 135
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Table 5 Analytical conditions of major elements.

Count errors are those at concentrations listed on the left.

Element| Line | Voltage |Electric current| Counting | Collimator | Spectrum | 26 angle | Detector |Count errors (+ 2s) at low con-
kV) (mA) time (s) (um) crystal ©) centrations as an oxide (wt%)

Si Ka 30 100 30 300 PE 109.05 FL 0.5+ 0.01

Ti Ka 30 100 40 300 LiF200 86.14 DU 0.05+0.001

Al Ko 30 100 30 300 PE 144.86 FL 0.36 £ 0.0072

Fe Ka 30 100 10 150 LiF200 57.44 DU 0.5+£0.01
Mn Ka 30 100 10 300 LiF200 62.88 DU 0.02 £0.001
Mg Ko 30 100 30 300 PX1 23.35 FL 0.5+0.01

Ca Ka 30 100 40 300 LiF200 113.14 FL 0.5+ 0.02

Na Ka 30 100 100 700 PX1 28.22 FL 0.2 £ 0.004

K Ka 30 100 40 300 LiF200 136.7 FL 0.05 £ 0.001

P Ka 30 100 100 700 Ge 140.93 FL 0.05+0.0013
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HEBRNEELZWHOE9IEE LTEAX. Rh
BRYFAL-EE, NaKa» S5 KKa T TORHES
FEABEWTEDSHBEORAHELXE X AINEEEIT
24kV THHM, TiKa~FeKa EHEBEERE 5
ZOoNTCHEBEMEEET 40~T5kV & FHT 3. Ly
L, TEBUIUNEEES*E 2D EILLHAERADE
e, BE-BROLERZEBLTLTCOEETE
% 30kV CHIET A &Izl ZOEE - BRIETDH
WBOHBTTIO.EEFEENN wt% DHFFTAE—FD
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LWMEREERREOMIZ, FEOBAZCNVY KOE
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EEHIFEEREZHE L CIERLZAKEABR AN
7. BRICRAWERE, IREE% Table 6 127177,
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JIRBIZANS, ThiZT7 e U EREEENYS
V—RIZEBETAN, X<EBEARTA Tt UHE
RLEOLHY—ETL N EMNZEBAET A, KIZT L
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ni-te, aREARE I IBMIZANTVF —F —hiz
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HERY, FIZABXRZEHETHIAE— Fiz L,
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FORIEZTY, FRUKREREAVWTERDIZT 5
BIIBUCHEEADY— FE2RIET A2 EI2& - TITH.
FEZY —HIEIZIE MON-1~-5 FTOE— FEHW,
BEZMEOE=Y —HBERE— FOXBERESE, &
AEBOBENB CIZRDE T, 7414 v TR
DA V5S4 VHBETRKREFROMEEZ ETYRFEHELT
WAR, ERETIIRAORBOXERE S, HEERR
AERIZCHEYTAXEREIZRAEIDIZHELTWAS,
FoV—WERAE— PO BORTMOREE®
Xo, SEIOHIEEEX & L& X,

Xo =a*X+ b

ElrdLolra bELETCHOEZY —HERE—-FOT—
M > TRDD, KRIZ, 2 TORAMBAEOXEERE
EXIZRALT, WHEX Z#E L, MHIEBEET 2.

kU7 MEIE

iz, BREAELTHWAHEOXEREOEBOD
HWIET, AlEFABO L — F2E~20 EAET 5812,
BUFY)7 bHEHAE - FE2EVELAZEL, Z0D5HE
BXRMOBEEEFE L RDEHIZHETS. FY
7 FMEEICIEE= Y -WBEARY— FO MON-5 %A\,
BEERE, RORBELELOMERIZOITS.

FUZ v@ERE— FIE, =7 —M#EIZHENT,
BOICHET S 20k, BLZ 10 EBOREFRED
E—FERl2Ec0lEl, RkiCd L FTHET S,
MON-5 O X BEN 2 TOXEIZO>NTI0IZ725 K
212 MON-5 OFNZRIE L7zD ¥ — FOX a8 E %
BT 5. Z DR MON-S O X#EEILX, Bi&Esd
WEBRWICEL LD ERET S, MON-5 D1#EH
E2BBOXHEEEX ZNEN Xorl, Xor2 & L, 0D
Fﬁj@ E— }\UJX ﬁgﬁgi Xspl, X@Z, """ Xspn t—g‘é t.
iBEDOE— FOXHRE Xeel DR ERDMEE Xl 12,

Xl = 100‘Xspi/[{XDR2-XDR1)/(n+1)}'i+XDR1:|
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Table 6 (a) Chemical compounds used to compose monitor samples (MON-1~5). MON-2 was used to compose
MON-5. (b) Chemical compositions of the monitor samples and bead-correction samples, R05 and ST-9.

(@)

Chemical Regents Amounts of chemical regents and MON-2 (g) Purity Manufacturer
& MON.2 MON-1 | MON-2 | MON-3 | MON-4 i MON-5
SiOz 6.6000 9.5680 8.5037 16.8000 0 99.900; FIXAMET X ()
TiOz2 0 0.8108 0.0854 0 0 99.900; FIYEMIIETH (BF)
a-Al203 0 0.3243 4.4397 3.2000 0.7926 99.999; HMIE(LEMARFT (BR)
o-Fe203 4.0000 0  0.1708 0 0.7926]  99.990; FMIE(LEFHRET (£
MnOz 0 0.1850 0.0195 0 0 99.990: MHIEILEMIEAT (BR)
MgO 9.4000 1.6217 0.1708 0 0 99.990; EMIE(LFHFFT (B
CaCO3 0 0.2894 6.0954 0 1.4147 99.990; &HUEE{LFERIFAT (B%)
Naz2COs3 0 3.0506 0.2920 0 0 99.980: JAEETF (KR)
K2COs3 0 3.7521 0.1809 0 0 99.900; FIEMETE (B
K2HPO4 0 0.3980 0.0419 0 0 INFALEER (BF)
MON-2 7.0000
Total (g) 20.0000!  20.0000: 20.0000i 20.0000i 10.0000
()
Monitor samples (wt%) Bead samples (wt%)
Elements MON-1 | MON-2 | MON-3 | MON-4 | MON-5 RO5 ST-9
SiO2 33.00 59.00 49.80 84.00 41.30 49.68 61.70
TiO2 0.00 5.00 0.50 0.00 3.50 0.51 0.76
Al203 0.00 2.00 26.00 16.00 11.40 14.30 16.74
Fe203 20.00 0.00 1.00 0.00 10.00 9.09 6.19
MnO 0.00 1.00 0.10 0.00 0.70 0.16 0.11
MgC 47.00 10.00 1.00 0.00 7.00 12.25 2.66
CaO 0.00 1.00 20.00 0.00 10.70 11.03 5.59
NazO 0.00 11.00 1.00 0.00 7.70 - 1.49 3.55
. K20 0.00 10.00 0.50 0.00 7.00 0.27 1.95
P205 0.00 1.00 0.10 0.00 0.70 0.08 0.19
Total 100.00:  100.00: 100.00 100.00 100.00 98.86 99.44
THEz 65, LT, 2HBLUBEOMON-S I BN, ZOHBHI0~20BEIZ ST D — FEERT
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S FELE AN oY, EEIZA UG, H6K8H08
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Table 7 Repeated analyses of a single bead (OM3-162SF).

Measuring Si Ti Al Fe Mn Mg Ca Na K P
order (kcps) (kcps) (kcps) (kcps) (kcps) (kcps) (kcps) (kcps) (kcps) (kcps)
1 29.606 3.134 9.029 122.299 1.275 4.620 49.192 1.156 4.803 0.407
2 29.675 3.147 9.035 122.593 1.280 4.657 49.242 1.167 4.783 0.407
3 29.804 3.164 9.020 122.584 1.284 4.641 49.399 1.161 4.808 0.405
4 29.787 3.154 9.019 122.699 1.283 4.669 49.370 1.164 4.819 0.404
5 29.852 3.148 8.981 122.753 1.283 4.666 49.428 1.171 4.799 0.407
6 29.814 3.147 9.017 122.597 1.283 4.653 49.376 1.178 4.803 0.406
7 29.732 3.159 9.019 122513 1.278 4.614 49.372 1.186 4.808 0.408
8 29.737 3.156 9.004 122.347 1.277 4.638 49.289 1.168 4.804 0.405
9 29.682 3.145 9.004 122.406 1.281 4.633 49.298 1.167 4.787 0.406
10 29.797 3.138 9.011 122579 1.276 4.639 49.361 1.171 4.788 0.406
11 29.747 3.163 8.990 122572 1.279 4.650 49.442 1.178 4.804 0.410
12 29.747 3.147 9.015 122.635 1.284 4.654 49.385 1.160 4.799 0.412
13 29.624 3.152 9.018 122.450 1.282 4.633 49.327 1.162 4.786 0.411
14 29.687 3.161 9.017 122.528 1.282 4.632 49.344 1.157 4.783 0.410
15 29.738 3.161 9.025 122.491 1.285 4.631 49.385 1.168 4.792 0.407
16 29.678 3.144 9.024 122595 1.283 4.638 49.413 1.178 4.809 0.409
17 29.837 3.150 9.021 122.690 1.284 4.649 49.449 1.173 4.805 0.411
18 29.835 3.163 9.001 122.833 1.284 4.652 49.466 1.173 4.798 0.409
19 29.798 3.146 9.016 122.681 1.290 4.651 49.410 1.171 4.808 0.410
20 29.689 3.165 9.026 122.491 1.287 4.634 49.289 1.147 4.787 0.410
21 29.679 3.153 9.025 122.473 1.278 4.610 49.359 1.152 4.781 0.408
22 29.733 3.150 9.025 122.365 1.279 4.635 49.378 1.155 4.791 0.407
23 29.773 3.149 9.032 122.476 1.281 4.628 49.342 1.141 4.779 0.407
24 29.733 3.145 9.033 122.679 1.279 4.646 49.397 1.157 4.775 0.405
25 29.763 3.158 9.030 122.430 1.276 4.606 49.317 1.148 4.795 0.402
26 29.807 3.157 9.013 122,623 1.286 4.632 49.316 1.141 4.779 0.403
27 29.697 3.149 9.041 122.553 1.287 4.608 49.278 1.152 4.794 0.402
28 29.726 3.143 9.025 122.357 1.281 4617 49.348 1.151 4.775 0.406
29 29.763 3.155 9.014 122.770 1.279 4.635 49.431 1.151 4.780 0.402
30 29.772 3.148 9.027 122.570 1.284 4.647 49.401 1.147 4.790 0.408
Avr.* 29.744 3.152 9.018 122.554 1.282 4.637 49.360 1.162 4.794 0.407
Std.** 0.061 0.008 0.013 0.130 0.004 0.016 0.062 0.012 0.012 0.003
Std./Avr. 0.002 0.002 0.001 0.001 0.003 0.003 0.001 0.010 0.002 0.007

* Avr.: Average **Std.: Standard deviation
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Si, Ti, Al, Fe, Mg, Ca CiIBEEDHNRHIE
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Fig. 41-j Uncorrected (open circles) and bead-corrected (solid squares) X-ray intensities of the standard beads.
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Table 10 Whole rock compositions of the standard samples measured at Kyoto University.

Sample 1.D. Si02 TiO2z Al203 Fe203 MnO MgO CaO Na20 K20 P20s Total

AK216 48.56 2.13 1512 1225 0.16 782 968 340 070 0.30] 100.11
AK289 48.30 191 1407 1276 0.17 963 9.28 311 061 0.27] 100.08
AK300 43.92 273 13.48 13.78 0.18 10565 10.12 3.21 1.10 0.50f 99.56
AK309 44.29 266 13.11 1351 0.17 1094 1045 255 098 0.42f 99.08
AK310 42.68 274 12.04 13.66 0.18 1233 10.74 3.49 1.28 0.53] 99.67
AK318 43.22 282 13.20 13.63 0.18 10.53 10.19 3.60 1.40 0.59] 99.36
AK327 41.78 287 12.88 14.03 0.18 1185 10.63 2.36 1.03 0.56f 98.17
AK78 47.95 2.14 1452 12.38 0.16 8.29 9.51 3.35 0.76 0.30] 99.37
AKZOO 42.56 283 1249 1381 0.18 1157 10.43 3.15 1.27 0551 98.85
CH140-2 54.42  0.09 7.38 10.62 0.18 18.19 5.63 1.256 0.14 0.04} 97.92
CH21 654.87 0.16 1158 9.12 0.15 10.17 734 2.10 0.65 0.05] 96.20
CH2309A 6149 0.16 11.48 7.569 0.14 680 6.12 1.93  0.37 007 96.14
CH430 58.26 0.21 14.14 8.82 0.13 5.02 8.10 2.20 0.48 0.06; 97.43
CH565 55.97 0.14 1335 9.80 0.12 7.58 7.66 1.49 0.50 0.05] 96.64
CH633 56.13 0.15 12.89 8.61 0.14 8.93 7.61 1.65 0.44 0.05} 96.61
D1335 43.70 0.06 19.03 4.96 0.08 1354 1455 0.76 0 0.03] 96.70
D1337 47.25 0.19 24.15 4.27 0.07 584 16.11 1.65 0 0.03] 99.57
D1339 47.48 0.03 18.51 4.50 0.09 1191 1499 0.71 0.04 0.03] 98.28
D1342 46.08 0.07 2798 1.91 0.03 4.12 17.27 1.53 0 0.03| 99.02
G5103 3896 0.02 009 1173 0.17 4889 059 0.00 0 0.03| 100.46
G5110 41.72 0.07 1.24 1381 0.20 4145 081 000 0 0.03} 99.33
G5112 40.01 0.09 530 1599 0.22 2891 5.18 0.26 0.01 0.04] 9598
G5118 63.57 0.64 14.70 6.71 0.65 349 419 5.58 0.42 0.10] 100.04
G5120 54.23 047 16.86 11.42 0.10 5.55 363 753 024 0.04| 100.07
JA-2 56.20 0.69 1597 6.37 0.11 7.87 6.34 3.16 1.81 0.17| 98.67
JA-3 6145 0.70 16.09 6.61 0.11 3.67 6.28 3.29 1.41 0.13] 99.73
JB-2 52.46 1.19 1484 14.26 0.22 455 9.88 2.03 0.41 0.12| 99.95
JB-3 50.13 145 1752 1175 0.17 513 9.82 2.75 0.77 0.30] 99.80
JG-1a 7298 025 14.83 1.92 0.06 066 2.16 3.46 3.89 0.10] 100.30
JG-2 7763  0.04 13.00 0.82 0.02 0.00 0.75 3.58 4.66 0.03| 100.52
JG-3 66.88 049 16.07 368 0.07 1.80 373 405 261 0.141 99.51
JGb-1 42.78 162 1765 15.05 0.18 782 12.06 1.22 0.22 0.08] 98.66
JGb-2 45.79 056 24.16  6.50 0.12 622 1423 090 0.05 0.04] 98.57
JP-1 41.71 0.01 0.36 9.20 0.14 4646 065 002 0 0.03] 98.58
JR-1 75.67 0.10 13.32 0.77 0.10 009 075 4.16 4.45 0.04] 99.46
JR-2 75.86 0.06 13.16 0.64 0.12 0.01 0.58 4.10 4.55 0.03| 99.10
JR-3 72.52 0.22 12.28 4.80 0.09 0.01 0.17 4.75 4.32 0.04] 99.21
K1143 58.87 206 14.86 11.85 0.44 326 261 5.63 0.04 0.27] 99.90
K1246 49.76  0.56 12.26 9.01 0.41 492 12.02 2.88 1.31 0.08{ 93.19
La33PW 7508 026 1239 4.39 0.12 027 440 276 0.51 0.06{ 100.24
La3RPW 50.29  0.58 12.83 9.76 0.15 436 1490 5.34 0.10 0.10{ 98.40
NK1772-6 45.09 0.11 3.92 7.59 0.05 33.58 223 0.2 0.02 0.05) 92.77
NK2578-1B 56.95 0.23 8.29 8.46 0.15 16.71 3.25 1.86 0.60 0.07] 96.56
NK2578-1D 56.97 0.23 8.25 8.49 0.15 16.69 3.29 1.91 0.58 0.06] 96.64
NK2678-11 57.80 0.29 10.42 8.85 0.15 12.81 3.81 1.73 0.64 0.07f 96.57
NK3178-5 56.35 0.27 9.55 9.01 0.14 13.19 3.26 1.83 1.04 0.06] 94.72
NK31790-3 57.10 0.15 14.18 8.91 0.14 6.98 8.25 2.02 0.42 0.05| 98.21
NK3188-2 56.66 0.14 13.39 9.06 0.15 8.41 8.29 1.85 0.38 0.05| 98.38
OM2-224PW 5328  0.57 14.94 7.21 0.18 8.07 6.18 5.76 0.62 0.06| 96.87
OM2-238B 5880 0.79 1193 8.92 0.17 256 9.23 224 1.49 0.11} 96.25
OM2-735F 51.18 0.16  9.33 8.69 0.16 1526 11.30  0.52 0.29 0.04] 96.93
OM3-108ADK| 40.94 412 1374 1313 0.2 551 11.34 2.90 2.39 1.00] 95.19
OM3-163LSF | 51.61 1.49 1540 9.87 0.16 6.13 6.89 4.98 0.84 0.21] 97.57
OM3-1625F 45.28 2.12 14.86 13.97 0.15 5.34 9.74 3.28 0.83 0.26| 95.82
OM3-74B 43.69 325 1642 10.32 0.13 517 6.65 2.82 4.47 1.24| 94.15
(12223 54.31 1.30 16.48 9.33 0.16 366 448 7.24 0.03 0.20| 97.18
U2230 48.34 061 1598 8.97 0.26 7.10 849 422 0.94 0.07) 94.98
Y-1501 42.16 0.01 0.48 9.64 0.14 46.06 1.32 0.02 0 0.03| 99.86
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Fig. 5 Comparison of the quantitative XRF analyses of the same samples carried out by the Rigaku 3080E3 of
the Earthquake Research Institute (Sano, 1991; Yamamoro, 1991) and the Philips PW2400 of the Depart-
ment of Biology & Geosciences, Shizuoka University (This study). Solid lines are the best fit for the
data points and broken lines are those of 1:1.
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