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Re-examination of XRF analyses for major element 
compositions of silicate rock samples 

Hidehisa MASHIMA, Shun-ichi MAEDA*, Yoshiyuki TAKAHASHI**, Naoko SATO 
AND Tomonori IDE*** 

Abstract 
Analytical techniques of XRF for major element compositions of silicate rock samples with the flux­

fused disk method were re-examined. An alkaline olivine basalt was used as the standard sample. 

Calibrations were carried out with synthetic samples. Lil was used as a remover instead of LiBr to avoid 

the interference Br-K/3 1 with Rb-Ka1,2. The interference of 1-L .8 2,15 with Ti-Ka1 was eliminated with 

the intensity relationship between I-La1 and 1-L .B 2,15. A radio high frequency furnace was used to melt a 

mixture of a sample and a flux. Analytical results of reference rock samples prepared by Geological 

Survey of Japan well agreed with their recommended values. 

Keyword: XRF, major elements, silicate rock. 
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2.1. J:t,xt~~tm~ 
i=p BHi iP 0985) ti B :z!s::rtHl~~rMl~~M --e 2b .:5 

JB-1 if§~ 0) ±fflG :5HJ3.n\G ~ t~-:J 11:: $ ~ ~ ,g- fflG ~14 ~ .tt• 
:rl~tm• c: l,-C ffl l) t.:. tit, 60 i.= ~ ~«t.:J: -:5 is:, 
JB-HHiO2, NazOio J: -UKzOIJ c: ~.tt•s"J~Jti.:-€3:h, 
.tt•:ri~~- c: L, -c tU-- ~ b U )rJ3.n\GH~-:J . .f c. --e, 
:z!s:WFJE--e tiJB-1 iJ,~:&:Z ~ :htc:~tll~ !Jr!1!cfil{j $~J)fi~tll1 

O)JIEJ W.kt=HH,, 1989) J: IJ, -JJ ::,,,7 >ri:tftULr~*"J 
l0~~~~L,~--~~-c:L,k. ~--~~-~ 
140);fil*11::tUl~:5HfrT .:5 :fiii~14 c: IP]:r,~O)nit1:-fi 
'J tc:. :fiJ.l ~ iHiJ: 1:'iJc:M ~ ffl l) -C * ~ ~ lcmfiN 0) 

:fi Jti.= L,tc:. 1*~ L,tc:~14i.: tHt=fO)~ilnl~fm~9~* 
*-5 ~iJ"?i i ;h, -Cl) tc: iJ,, C. O)~IY°i1:' C. :h G ~ --e ~ .:5 t!. 
tt:&:Z IJ ~~H )tc:. :fi Jttim-\¥l7](1:-,rni%1EU5'c¥J L,td&, ~ 
• L, wc•;t; 17 1v ~ 1v~ ml )-cm* 11:: L, tc:. m* 11:: L, 
tc:~*4ti-J==U c: 60-Cfftt# L,fd&, *-"1200:zls:0)50 cc-it 
:'./71v1g#=l[i.:}l..:h,{j1g L,fc:. 

2.2.1t~~£:/J) G O),frfi!G~itf~O)~fl= 
#€:it~O)fFn\Gi.:ai=pEStiiJ, (1985) c: !P];f-Ji.=, 11::$~ 

~ J: IJ 'El fflG~14 ~ •1t L, ffl l ) tc:. :z!s:WFJE--e ffl l ) t.: ~~ 
~, •mm.toJ:V7o/7~W--eO)w~~-~#~ 
Table 1 is:~ L, t.:. 

Table l. Reagents used for synthetic samples and their heating 
temperatures and durations . 

Reagent Manufactures Heating Temp Duration 

Si02 Wako Pure Chemical 1000 °C 10 min. 

Ti02 Kishida Chemical 600 30 

Al20 3 Wako Pure Chemical 1000 10 

Fe20 3 Katayama Chemical 600 30 

Mn02 Wako Pure Chemical 

MgO Katayama Chemical 400 60 

CaC03 Katayama Chemical 400 60 

N~C03 Wako Pure Chemical 400 60 

~C03 Wako Pure Chemical 400 90 

(KP03)n Wako Pure Chemical 400 90 

Li2 B40 7 Merck 

Lil Wako Pure Chemical 

Table 2. Chemical compositions of synthetic samples used for the calibration. 7 o/ 7 Jv;/:p"e0)1JO~~•ti'ElfflG~14 

•1t IS: if~! iJ it~ i c: 60 -C fi l \ ~ 
No SiO2 (wt.%) TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2Os ff Jtiw i= -~7-t- ·-;f :'./i=p i= l l0°C 1:'6 
101 41.74 2.92 5.94 12.92 0.12 23.99 6.97 2.91 2.46 0.02 B~ Fatt" J: ti ~ llJUJ 7]( ~ :&:Z IJ ~~H ) tc: . 

102 21.17 1.91 15.18 4.36 2.15 21.47 21.91 5.97 4.63 1.25 MnO2/S:-:Jl )-C ti1J0~~;l:J~fib-f, 

103 41.01 2.60 8.46 5.24 10.26 15.20 1.42 4.62 10.52 0.67 ·J°'V7-!;( ~ fflP-C~i.1&1:-~r# l, 

104 22.21 8.16 18.34 17.85 5.99 7.34 
tc:. ~j:f~-lttc:~~tiffi:~7-t-·-;l::,,, 

6.87 3.20 7.33 2.72 
iJ, G :&:Z IJ ti:\ L,, j"' V 7-Y 1:'30:5t rai 

105 38.88 1.71 20.44 12.19 1.26 10.00 8.30 3.95 2.80 0.47 
~:&P L,fd&, Mt~ERff ~ ffl l )-C ~,~ 

106 59.89 0.73 10.25 5.78 0.33 7.27 10.63 3.47 1.49 0.16 • ~ff- L, t.:. ff :it lJUI ~~El L, -c , 
107 52.85 1.36 14.74 9.07 0.27 7.83 9.38 2.84 1.40 0.26 1t$~ ~ ri,g-tm:i:.1t 0) m:Jt1J,20 gi.= 
201 79.14 0.35 7.40 3.85 0.03 1.08 0.99 3.20 3.89 0.07 iJ .:5 J: -:5 ff. L, tc: . ff:it L,fc:lit~ti 
202 66.59 0.83 0.37 16.75 0.12 0.73 5.25 2.12 2.04 0.2 ~ / 17 fL ~ ~ ffi l ) -C *-"12 B~ Fai flt# ri 
203 54.92 1.58 18.10 10.14 0.05 2.48 4.05 5.05 3.02 0.63 'El L,' :r)J-TJ'El n\G~14 c: L, tc:. :z!s:1iJf 

204 49.94 2.53 10.00 7.99 0.32 10.04 13.21 4.00 0.97 1.00 J'E --e ffl ~ L, tc: ,g- nlG lit 14 16 ffl 0) If: 11:: tm 

205 41.84 5.35 12.48 12.60 0.19 15.56 8.34 1.20 1.52 0.91 
~~1:'0)rJ3.fflG~Table 21.:~ l,f.:. 

206 39.67 2.04 20.03 6.08 0.30 16.41 10.05 2.53 2.49 0.39 
2.3. -H 5 .::z PH&O)~fl= 

301 44.50 0.00 34.50 0.00 0.00 3.00 16.50 1.50 0.00 0.00 
ii 7 7-.. PHN 0) • 11=:ti JJ! ~ 0) :fi £ lit 

302 49.95 0.53 26.65 5.30 0.00 5.48 2.31 1.82 7.96 0.00 14 t IP] :rf 0) -f: /11&--e fi ':) tc: . 'ElfflG~14 
104-2 22.86 8.40 18.87 18.37 3.37 7.54 7.08 3.29 7.50 2.72 Jo J: ViWi9!~U (Li2B4O7) ti ffi:~7-t- 7 Y 



~ ffl l )-Cl l0°C-e6B#rs,J,~J:~rlk ~-l±-t::.. ffiA?J--7:::,,, 
ii, G ~ fJ 1:1:l L,, 305Hs, -y V 7-3n:p-nt!P L, td~, ~ 
1umm~-e1 gO)-§'fflG~fij. C:' Li2BP7 5 g~ WHJERff ~ 
ffl l) -C ff :it L, t::.. C 0) c: ~ :Rff J: 0) Li2B407f~ ~IJIHfU 
Lil 80%tiWlwJ0mBZ ~ 0.2gWilff L, ff :it L, t::. . 11□ iZ.. t::. LiHi 
~ 7.k ~ m ~ -e *"1 0. I g -e ct) -t> . ff :it L, t::. -§- nx ~ fij. c: 
Li2B407ti;;{ J ?fL~-e.Bl < 1R-§-L,t::.1~, Pt-Au:l:i=tfiWJA,,, 
f_$ L, t::.. 

i=p BHU> (1985) tillrtfHm~~i:--z v 7 Jv'.K? ~ ffl l) t::.. 
7 v 7 1v'.kJ=i ~ ffl Pt::. ~II:,~ tH~ T 0) J: -5 l:J: Jz2i1 1 ct)~ 
t::.. m ~rfill ii, s ~tuu~rfill.N 0) 1050°c i -erJ=i ltJ rfill.N 
~ J: :¥f- ~ -l±- -t> 0) I~ *"12 Bf rs, ii; &f~ -e ct) ~ t::. . ;i t::. , ~ 

•~Tmi*~~~O)k60~N~T~*"l2~oo~ml, 
-C io < 1JhW:il"ct) ~ t::.. c :hG O)rl 1±1 O)f::. 60, 18 i:• 
1t-e ~ -t> jj 7 7-- r:31& i: ~N fJ ii" ct) fJ 1t*~1J~il"~il, -:J 
t::.. (2) ~f41U~O)mii=p-et1=tfi%~7v71v'.kJ=iil, G~ fJ 
1:1:l L,, llrtfUm1$0)tJlt'#iR-§'H'J-:J -r Pt::.. c O)B#, tfill 
N~lTt: J: -t> tm1$0)fi1i'liti11DO)f::.60+B-l:J:tlth"fi iZ.. 
l:J:il,-:Jt::. . .fO)*a*, ~®A~i: c: ti>~M-etim:1J:B-1jjU 
ii",!@ C fJ, 7F;l:>J-l:J:titl.fflGO) jj7 7-- P31&i11-e ~ -t> Cc: ii" 
ct) ~ t::. . (3) t1=t ti% 0) i':t\ L, A :h 0) ~~, ~ ,~ V< 110) JeJ~ ii; 
ct)~k. C;h,JS0)1JZ2~MmT-t>k60, *m~-eti• 
mliEH? Hrtf4iim~~i~m l )t::.. ~MiiU~i=ueffl L,t::. 0) ti, 
**M$~~~tt••m1~~•~AAn~~-r~:,,,7 
5'NT-2000-r· ct) -t>. -ml~'.k? O){fffl I~ J: ~ -C, (l)'.k? 0) 
r1Fm11DAAO)&,W:il"~ < l:J: ~ t::.. i td£ffl1~0)<#!P i 30 
:B-:fj&t:·.Bl < l:J: fJ, ~.~O)Jfb1'1iil"iP1J: L,t::.. (3)1U~ 
~N~~ML,kii-e, mfiWJ~@~~~~-l±-G:h-t>J: 
3 i: l:J: f)' ;l:>J-1:J: jf 7 7--P31&0)•1til 1~~ ,~ /:J:-:J t::.. 
(3)-tllt\.i: l:J: -t> O)il"t1=tfi%m]JZI0)1J-O)t::. 60' V<1JO)f~:hil 1 

rm1<Y L,~,~O)*~'liil"iP1J: L,t::.. (4)llrtfUm~~B#t: ti, 
~u ~uu c: L, -r ~ 110 L, t::. 1 \ o 3/:,,, n* ii q~,u, jj A c: 1:J: ~ 

-CJIUf!zT-t>. NT-200011~0)mAM /'7°t: J: -:J-C 9£1=. 
L,f::.jj7--il"~9i-t~t!l:A ~ :h-t> t::. 60, ~.~O)*~'liil"iP1 
J: L,t::.. 

llrtMIU~ tH~ T 0) 5R14 -r·fi-:J t::.. i -f, ~f4 i=p i: 13 
i :h-t> 7.k:B- ~ ~ fJ ~i < t::. 60, ~¥fill.ii> G 1050°C i -e3:B­
rs, ii> it-r J: :¥f- ~ -l±-t::.. {]\ ,~ illtl.N ~ 1050°C -r·3:B- rJJ 1~ t# 
L,~M~%~~~M~-l±-k. ~G~mmc:jj77'0);1:>j 
-1~0)f::.60, 1050°C-r·t1=tfi%~~ti't:45°{~}Ht, IEllii, 
~-i~~lfi:~ fJ jg U:B-rs,@lliitm~~-l±-t::.. @lliimJ 
Mi:·-::n)-rti, 1i1i'iiO)j(~ < Jl/:J:-t>=@f~HHitl.fflZil,G:£1 
!HUitlfflG0)15£ i-r·, llrtMtlt#il"ni~t~fib:h-t> cc: 
~§tll~J: fJ.nU'2L,t::.. Fig. H:1050°C-emimB#rs,~ 
~1~ ~ -l±-t::.~-§'O)~'liXt'JtSi-K a, Fe-Ka io J: -UNa-K 
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a O)l~N~1~ ~ ~ L, t::.. 5i&ti 10:B-rs,t~~ ~ -l±-t::.~-§-
0)5iN-etJ~1~ L,-C ~~ L,t::.. IO:B-rs, O)AAm~~-r-lliin* 
-e ct) -t> Na0)5i&J:tO)rm1l::lrtH'260 G :hl:J: P. i t::.mn 
*Lct)-t>Fe0)5i&J::tii~IU#rs,i:001*/:J: <, viv!It:· 
ct)-t>. ftb-r, *nJf~O)t~lm5R14ti15£~t1,~:x1 L,-c 
~tJ] l:J: i O)"'[· ct) -t> c: l) iZ.. -t>. 

0 2 4 6 8 10 12 
Duration of Heating (min.) 

Fig. 1. Relationships between intensity and duration of heating. 
R means intensities relative to that of the sample heated 
10 minutes. 

*m~-r-tUU!fJl~U c: L,-C ~7.ktmm~-e*"JIOO mgO) 
Lil~~11DL,t::.. CO):ittii=pEStiiJ, (1985) il 1110iZ..t::.LiBr 
30 mg0)*{]3fg-e ct)-t>. C 0) J: 3 !~~:itO)Lilil;&,W:l:J: 
fl1±1 tiNT-2000il 1mAM :::,-,7~,fim iZ.. -r P-t> t::. 60, llrtM 
IU~il"¥m1<EE~mT-r·fib:ht::. CC: i: J: -t> C: ~ iZ.. G ;h, 
-t>. ~i:4:B-rsHIH'!YE@lliitm~~-l±-td::.60, Lli7--il 1llrtM 
1m1iil, s l:f:Z o ~iil,:nt::. c: ;J:t'.@ ~ :h-t>. ~u•~u i= 13 ¼ :n 
-t> 7F*il!if?nt: J: -t> f§"~~~it-t> t::.60, jj7 7-- r31&0)i1J~i 
·11il"~1~ ~ :h-t> ~No , ~11□ T-t> iu~uu ti::lr:it-r· ct) -t> n 
il"J: P. Fig. H:~T J: 3 i:6:B-:ff&O)IU,strs,-r· i, 
Si, Fe.to J: -UNaO)'.Eit:Y6Xt'Jt5i&tiIO:B-rs,tmiY, L,t::. t 0) 
c: 1'f ~ l:J: iE ti l:J: l ) . 1£ ffl T -t> Lil 0) :it ~ rm1< G T i: ti , 
J: fJ ~RPt§imB#rsi-r·t)J-/:J: jf 7 7-. r:31& ~*'.@ l,-C •1t 
-r· ~ -t> ii>, ~f&r~ll'1'T-t> &,W:il"ct) -t>. 

3.1. i11UtE'.id4: 
{Ee ffl L, t::. '.Elt :Y6Xt'Jt :B- 1Jr ~ @'. Ii , ff$ ffi 1'1 t±. jj 1 

jf- 7 v o/ !7 7--3063Pt:· ct)~. fgf::J<t: ti~1 F 1:7 1 :,,, 
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r~Crf/g:Ej7a:'{1fffl L,, l=P;/JOfflJ±7a:'50kV, fflilrt 
7a:'40mAc: L,f.:. f[g:EjO)~:!P*l:'l'gifill~uiiA&:li 
IJ N It i; n~!P7J<iml&iJ127°C "'28°C 1: {:~t.: n 
-Cl)~. ,f O)ffBO)~~O)f/g:E_llU: ~P-C Ii i:p B3 
fliJ, (1985) f:ftE-:J-Cl)~. Table 31:~@10):71 
1fr~{lj:7a'.'7.G L,f.:. 

Table 3. Instrumental operating conditions of a XRF spectrometer for 
major element analyses. 

3.2. Ti02~:it~:X'f9 ~ :3 71~ ') =f- 7 .b.O)*J~ 
i:p B3 fliJ, (1985) fi/J'7 ;qq;t&~i1FBf f:~Ufl 

RUc: l,-CLiBr7a:'fflPt.:iJ1, Br0)¥f·liX~Br-K 
/3 !iRbO)f~•li X~Rb-K a cm_~~ t.: ~, Rb 
0)5£:li:7a:'ffiitfTT~ ($83, 1985). :$li3fJ'E1? 
Ii c. 0) Fpi ~ 7a' 19~~ T ~ t.: o6, ~U/f.!UUc: L, -c Lil 
7a' ffl Pt.:. LiIO){fffl t: J:: -:J -C, Rb, Y, Nb7a:' 
-a-~t.:m:-=r~-%37iJ, i;410)1J'.&:li:n\G?tn*7a:' IP] 

-IJ'7 7-. F9;t&-r:-5E:li:T ~.:: c: iJ,Pffci~ c: ~ --::i 

Element 

Si 

Ti 

Al 

Fe 

Mn 

Mg 

Ca 

Na 

K 

p 

Detector 

PC 

SC 

PC 

SC 

SC 

PC 

SC 

PC 

PC 

PC 

SC 

Counting 
Crystal 

time (s) 

EDDT 20 

LiF 10 

EDDT 20 

LiF 10 

LiF 40 

ADP 40 

LiF 10 

TAP 90 

EDDT 10 

EDDT 40 

LiF 10 

2 8( 0

) Base Window 

Peak Background line width 

108.10 106.10 110.10 50 250 

86.18 85.00 86.80 50 300 

142.78 141.28 144.28 50 300 

57.52 56.02 59.02 50 300 

62.98 61.98 63.98 50 300 

136.67 135.67 138.67 100 160 

113.07 111.07 115.07 50 250 

55.17 54.05 56.30 50 250 

50.32 48.32 54.32 50 250 

88.72 87.72 89.72 150 120 

102.88 101.5 104.5 50 300 

t.:. L, iJ> L,' Lil 0) I 0) L /3 2,15~ a2 0 = 86.17°(?1 
7'6~ rs, LiF(200))1:' ~ IJ , c. n!Hi020)i~U5EP=l 
2 0 = 86.14° (:71716~ rs, LiF(200)) c: m_~ ~ (Fig. 2). 
Ti020)i~U5EP=l&2 0 = 86.14° 1:'1~ i; n~ w:7'6X~ 
sm& I 20= 86.14° Ii, Ti-Ka ttJJlO)Sm&7a:' I Ti-Ka, I­
L /3 2.1s~O)sm& 7a' 11-L/3 2.1s c: -t ~ c: i~~ O)~ i= 

~~;fl~. 

Cr-tube, 50kV-40mA, Vacuum, Slit=3s, Sample spin On, Linking On, Gain 6, Fine gain=max, Mode 

diff.=xl, PR gas flow rate=100cc/min. 

(a) 

I I 

88 

Ti-Ka 1 

+ 
I-Lf\1s 

I I I I 

86 
20 ( 0 

) 

Fig. 2. X-ray spectra around Ti- Ka of glass disks. Analyzing 
crystal is LiF (200). (a) A spectrum of a sample including 
TiO2 = 1.24 wt.%. The peak at 2 0 = 86.14° includes Ti-Ka 
and 1-L /3 2,15. (b) A spectrum of a synthetic sample with 
no TiO2. The peak at 2 0 = 86.14 ° is of I-L /3 2,15. 

ur 80%ttWH17J<i-mf?:l 7a'.'*"10.2g1J□ x. t.:~-@i', r-L .B 2.1s~O)w: 
7'6Xtllsm&!Hi02~~1:'*"10.04 wt.%1:' ~ -:J t.:. ftE--::i -C, 
I-L /3 2,15~t:x1T ~ flfl.IE 7a:';/JO x. ~ < -Ci), -f 0)5£:li:{[l[ 
7a' ml) t.:=fffi$S"Jttmm i= iilJW 7a:'-9- x. ~ l) c: ~ x. i; n 
~ . L, iJ, L, ' m ~ tUU~ J@I fj 1:' * ~ i:p i= rllif{ L, ' jj 

7 7-. F9 t& 1: :7!1¥ T ~ I 0) :li: Ii ~fU!I! i* 0) fi!i·li ~ Pt-Au:1:tf 
#itO)~ffif O)JrL;h,f:{t(t¥T ~. c. O)f.: ~, :7!t¥T ~ IO) 
:li:fi/J'7 7-.ffi;t:5£J}J L,, IE1il~:li:7a:'~D ~ c. c fit:'~~ 
P. :$li3fJ'E1:'!Hi020)5E:li:ffi&[P]J::O)f.:~, I-La1tll 
c: I-L/32,1stJlO)Sm&OOi* 7a' ffl l) -C, Ti025E:li: f:x1T ~ 
I-L/32,1s~tlf5*0)rm.IEH'r--::i t.:. flfl.IEl:ffll )t.:I-La1~ 
(2 0 = 102.88° HUlH:i~fJ. i:p 0) :±n\G?tn*&-Uil'.&:li:n\G?t 
JC* c: -=f r!fo L, ~ l ) . 

¼-fTi02;lo J:: -ULa1tlliJ 12 0 = 86.14° 1:i:V:uiT ~Ba7a:' 
-a-¼ ~l )-@i'n\G~Mf:, ~~ ~:li:O)Lil7a:'~;/JO L, -C jf7 
7-. F91& 7a:'~i1F L, t.:. C. ;hi; 0) jj7 7-. F91& 7a' ffl l )-CTi02 
5£:li:~{4~1:'2 0 = 86.14 ° i= ;lo It~ I-L /3 2,15tllsm& C: 2 0 
=102.88°!:;lolt~I-La1~sm&0)00i*7a:'*~t.: (Fig. 3). 
Ti02 5E:li:Bf!: I-La ~i)t~U5EL,, 1~i;;h,t.: I-La1 tllc: 
I-L.82,15tJlO)Sm&OOi* 7a' ffll )-C, 2 0 = 86.14° 1:'0)W:J'6X 
~ sm& iJ, i; , I-L/3 2,1stll 0) w:7'6Xtll sm& 7a' & L, 5 I l) t.:. 



I Ti-Ka= I 2 0 ~ 86.14° - (0.2341 · I J-L a 1 + 284.5) 

TiO20)5E:lii: i:: tLl:.:rt J: V 1J[eJ, G n.:b Ti-K CL mi'H~.v.t ~ ffl ~) 
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Fig. 3. Intensity relationship between I-L/3 2,15 and I-La 1. 

Instrumental operating conditions of XRF for I-L f3 2,15 is 
the same as those for TiO2 shown in Table 3. Those for 
I-La I are shown in Table 3. 

3.3. tj~*' 
'+' 83 vli-P(l985)-C' !H~:lii:mi'JH'FnJGO)l:ttHI~~~ c L 

--CJB-UJ3.nJGO)-§" WG~f4~ ffl ~), -f O)tJ3.nlG!ila~P 0) ~ 0) 

-c, ~ ~ t::.. :zls:uJfJ'E--r iiJB-1 t§ ~ 0) x?.t~£~f4 ~ ffl ~) 
t::.-/J 1, -fO)tJ3.WG!i:fl'ljj-C'~.:b. 1!E-:J--C, C.O):,R~~£ 
g~f4 IH§x11lb'6Xt'R 5i/.t ~ 1J[eJ, .:b t::. ?5lJ t!. 11 i:: ffl ~) t::.. ~ 
:lii:t'R1tmi:: !i, -f O)ttl=!.nJGiJ,~UP-C' ~ .:b -8- WGi:1tm-16;f_fflO) 
1l::$tJ3.fflGO)cl}-~ ffl~ )t::_. 

6{fHUR Ii 7 7- PH& it -C' Ii jf 7 7- PH&'+' 0) ~f4 ill.t 
iJ,7ffi ~) t::. ?5lJ, ~~1'¥n*:w1*h 111to~ -c, ~ --r, -f O)JOO-tn ~ 
tlflIEiJ 11f~-C' ~ .:b. :;l:t1-¥n*~jJ* i:: Wr&~:£~'1* c JJw~ 
:w1*iJ,~ .:b. :;tt1'¥n*~)J*~ J!m ~ .:b t::. ?5!J, ~-&mi:1:rt 
f-H::--::)~)--CFig. 41::5FT J: -3 ~~:lii:JJ&~::Z{*t!l-iEl-R~ 
~~WGL~. ~n*O)~~&-R--CO)~:lii:ll&~~~~J: 
-Ull&~::Zft/m0){1I'/iiJ, G, ~ ~ iHiO)* ~ ~:;l:t1'¥n*~ J! 
m~ V, -fO)~~~~.~S{Ji::>J<?5!JtlflIELt::.. 

Fig. 5 i-=t~•i,1tmi-=m~ )t::.-&m~f40)i~U5E~* c, 
-f ;h,iJ, G 1J[eJ, G n .:b @! 11 BE tf ~ 5F LJ::.. i t::.Table 4 i:: 
~@l>l<?5!JGn~±m~n*O)~:lii:mO):rtc-f0)5E:lii:~ 
~~5F Lt::.. 5E:lii:i=1%~!i, -8-nlG~ftO)f!Z:lii:{llU V >1<?5!J 
tdtl=!./Jx c, f~:lii:tfiJ, G 1J[eJ, G nt::.~1Jr{&i0)1l~-ffmi~-C'~ 
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Fig. 4. Relationships between mass absorption coefficients of 
major elements and wavelength for the synthetic sample 
of No. 107. The chemical composition of No. 107 is shown 
in Table 2. 

1J[eJ,Gntd~:lii:t'R!i4t83vH' (1985) c(l) Na2O0)5E:lii: 
11i::Fez030)~~;b>g,'Z?sl) G nt::. = C' (2) KzO, PzO5f:: 
SiO20)JJ&~HjJ*iJ1i~?5!JGn~~)c. c, (3) TiO2, Al2O3, 

CaO, KzO~ J: -UP2O50)1~:lii:t'Rh12"<'XA-C' ~ .:b c. c ~ c 
O)~~ )iJ 1i~?5!J G nt::.. -f O)!J'1'1zsl i::--::)~ )--c~~ Lt::.. 

Fig. 4f::5F Lt::.O)liFez03~9.07 wt.%B"D>-8-WG~fl-No. 
1070)~:lii:ll&~:£1*~ - ~tfriEl-R~-C' ~ .:b. -§rnJGg~f4No. 
107-C' Ii, Na0)~1fr¥El-R il K CL Na = 11.91 A -C'Fe C KO)~ 
:lii:ll&~::Z 1*t!lh1-ffi* ~ ~). 1ft ~ --C, FeliNai::x-t L --C 
ll&~HjJ* ~ & vI Lt::. c ~ x_ G n.:b. 4t 83 vH> (1985) 
-C' ~, Fe2O3~ 10 wt.%.l,;l,_I:. B'fiJ:1~fij.O)Na1§x1Bi/.t Ii, 
f~:lii:miJ, G ;ffi;E ~ n.:b {I J: V 1lh ){tj!P] ;b>g,~?51) G n.:b. 

K2O, P z05 i:: "J ~ ) --C , 4t 83 vH, (1985) Ii l<JZ :rt-C' @111 
L, SiOzl::J: .:btlflIE~JJffiLt::.. :zls:uJfJ'E-C'/i, 2{'JZA-C' 
@l 11 Lt::.~*, 1§ 001* tH 10.999 c ~ V SiO2 i:: J: .:b flfi IE 
O)&,~iJ,~ < ~ ~ t::.. Fig. 41::5FT J: -3 i::, Jffi~tJ3.nlG 
0)~£~*4--C, KO)~;j;Jr&-RilKaK = 3.74AiJ>f;PO)~ 
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:ffr~;R A Kap= 6.16A /:;Jo~ )l, ~ 'fJ-}( ~ iJ~J!:n&~;Zf* 
~H'if--::JO)tiSi-C''6~. -1i, Fe, Ca, Al, MgioJ: 

LFKiJ c' O)jc*ti, c. O)~;R~JU:~~1:SiO) 1/10"' 1/5l~& 
O)~J!:n&~::Zf*~~t'if--::J. SiO)i/lm'.~11::~tm"? J: "? i:, 
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7f '7 7- PH&$ O)~~:l!:n&~::Zf*~O)~JID ti1J\ ~ iJ 'fJ 0) i: 

iJ :5 . .f O)~*' Kt Pl:x-1-t :f>SiO)ll&~;Z~'iJ*li~t~-C' 
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Fig. 5. Relationships between relative intensities and chemical compositions of synthetic samples. R means relative intensities 
normalized to the standard sample of an alkaline basalt. Solid points show results of measurements for synthetic samples. Solid 
lines show regression lines of the points. (LiAlzO3)/AlzO3 means {(CA1203) original -(CA12o3) from R }/ (CA1203) original· (LiNazO/NazO) 
means {(CNazo) original -(CNazo) from R}/ (CNal20) original· 
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$B3LitP (1985) --e-a--nJG~f4$0)TiO2, 

CaO, K2O;Jo J: V'P2O50)~i@iill!Ht;Jo;Jo J: 
.f, TiO2 = 2 wt.%, CaO = 13 wt.%, K2O = 6 
w~, ~~=lw~~~~k . .fO)~, * 
:ttrx-t•iJ1tJ1d'( L, t.:~*' irm i.:: J: ~ --c tt.:. 
n G 0) 100: ~ m .:t --c L- i ') .:. c. iJ, ~ ~ t.: . iWi 
ill!!jJtf4i.::;lol )--C ti, ;-;; v :!J :!J"7? :1/ F~ 
~iJ12£1t L- --c P ~ PJ"i~'l1iJ1~ IJ, ili:JltX~ 
*frr1.::;Jol )--C1~:ii:~~JHifiT ~.:. 'c. tH!Ht 
iJ tt :htf iJ G iJ P. it.:, .:. :h G 0)51;*0) 

filin*A..0)~1¥n*3<'1*~iffiffiT ~ t.: rh i.:: 
a, *~M-~ffl.ikmnJG~~-T~~~ 
iJ,~~- C.O)t.:rh:zfs:Bfj'G~ti, ~IWiil&'c. 
L,--CTiO2 = 8.16 wt.%, CaO = 21.91 wt.%, KzO 
= 10.52 wt.%, P2O5 = m'-12.72 wt.%~~- L,f.:. 
.f O)~*' IWiil&fflU--C' ti.:. :hG 0)51;*0)1~ 
•iu12{x at! ii 'c. iJ ~ .:. 'c. iJ 1HA G 7Jl 'c. iJ ~ 
t.:. .f 0) iJJl lz;I ti r~U JE'.n* 0) !::- :!l iJ,* ~ < 
iJ IJ, ;-;; v :!J !f'7?:;.,, F iJ 1tt"tJ::iJ,~ t.: rh 
~ ~ ~. 1lt ~ --c, $ B3 tliJ, (1985) 0) J: "J iJ 
Jt ~ S'.J 11H ) tJ1 nJG iffi lffl -r, a , nx A~ ~HJ[ L­
--c t) JE:ii:{j f.:: ~~ ti 7J l). 

1~ G :ht.: ~•ii~ n i.:: * rh t.: :l:fu if~ i!tJ=ifr 
1J~~fi}0).3:.nJG*1t$rJ1nlG~Table 51.::~ 
T. er~ii:iJ10.l wt.%.l,~J::O)n*~ti, tl 
~fl (IMAI et. al., 1995) 'c. *i-frfl 'c. O):f§x-ti~ 
~tH'-110 %mi1'1-r'-~L---cP~. I-L/32,15 

iiO)~jj~iJ 1r!ll ~ :ht.:TiO2 Mi~fl 'c. J: < 
-~ L, --Cl)~. :zts:t/6(~0)'.$jt xii*1Jr~@'. 
ti$ B3 tliJ, (1985) i.:: J: -:J --c, jf 7 A PH&~ 
ml )t.:.=1:.n1G*n*O)JE:ii:i!iJ1ntfL. ~ nt.:. 
:zfs:Bfj'Gi.:: J: ~ --c, 1~ G :h~ *i-frfltitffi$ 
~-n~ML---c, +*iJffi&~~~~:h--c 
p ~ .:. 'c. iJ l HA G iJ l 'c. iJ "':) t.: . 

4-@lf!H'r L-t.:1~:ii:iiti, N~W~f~Uti !:: 
:!l'71rW~~~ffl~i~O)mnJGiffilfflO)~ 
::fi~fi}O)JE'.ii:i.::fflp ~.:. 'c. iJ 11:' ~ ~ iJ 1, J: 
IJ MgOt.:: 'c. tJ~ 1J F !71 r ~JE:ii:T ~ t.:: ti 

MgO0)rJ1n\Giffilffl 7J'1~P. MgO~ ~•i= ertJ 
gnJG~~~~IJ, JE:ii:PJ"~iJmnJGiffilffl~m 
*'"t ~ C. C. iJ 14"fi0)~~1:' ~ ~ · 

Table 4. Equations for calibration lines and analytical errors for major elements. 

Oxides Calibration Curves Error (in wt.%) 

Si02 R = 0.01718Csi02 + 0.000004273Csi02 2 0.293 

Ti02 R = 0.8160C,.02 - 0.008268C,.,02 
2 0.046 

A'203 R = (0.06389+0.0001324Csi02) CA12oa 0.213 

Fe20 3 R = 0.1235CFe203 - 0.001494CF.2oa 0.257 

MnO R = 4.650CM,-o+ 0.2478 0.008 

MgO R=0.1131CMiP 0.230 

Cao R = 0.1013Cc.o 0.050 

Na20 R = (0.4579 - 0.006526CFe203) CNa2o 0.082 

K20 R = 0.7571C1<2o 0.041 

P205 R = 0.09783CP205 + 0.09783 0.007 

C, means concentration of element i in a sample. 

Error= I(c1-c2)2 (C1 and C2 are calculated and original concentrations, respectively) 

n 

Table 5. Results of XRF analyses of reference samples of Geological Survey of 
Japan. 

Analytical results in this study 

JA-1 JB-1 JB-la JB-2 JB-3 JG-la JGB-1 JR-1 JR-2 

sio, Cwt.%) 64.68 52.86 52.58 53.25 50.92 73.70 43.45 74.91 75.00 

Ti02 0.83 1.32 1.30 1.18 1.43 0.21 1.60 0.11 0.06 

Al203 15.01 14.46 14.22 14.35 17.06 14.05 17.29 12.51 12.15 

T-Fe20 3 7.26 9.03 9.04 14.83 12.11 2.03 15.46 0.92 0.79 

MnO 0.19 0.18 0.17 0.24 0.20 0.09 0.20 0.13 0.14 

MgO 1.53 7.21 7.68 4.35 4.71 0.66 7.67 0.17 0.03 

CaO 5.65 9.26 9.27 9.79 9.77 2.07 11.99 0.66 0.48 

Na20 3.94 2.79 2.84 2.09 2.84 3.46 1.07 3.83 3.73 

K20 0.79 1.49 1.48 0.43 0.80 4.10 0.24 4.46 4.56 

P20 5 0.16 0.26 0.26 0.14 0.30 0.08 0.10 0.02 0.01 

Total 99.93 98.33 98.28 100.32 99.80 100.45 99.09 97.71 96.95 

Recommended values 0MAI et al, 1995) 

JA-1 JB-1 JB-la JB-2 JB-3 JG-la JGb-1 JR-1 JR-2 

sio, Cwt.%) 63.97 52.37 52.41 53.25 50.96 72.30 43.66 75.45 75.69 

Ti02 0.85 1.32 1.28 1.19 1.44 0.25 1.60 0.11 0.07 

Al20 3 15.22 14.53 14.45 14.64 17.20 14.30 17.49 12.83 12.72 

T-Fe20 3 7.07 8.99 9.05 14.25 11.82 2.00 15.06 0.89 0.77 

MnO 0.16 0.15 0.15 0.22 0.18 0.06 0.19 0.10 0.11 

MgO 1.57 7.71 7.83 4.62 5.19 0.69 7.85 0.12 0.04 

Cao 5.70 9.25 9.31 9.82 9.79 2.13 11.90 0.67 0.50 

Na20 3.84 2.77 2.73 2.04 2.73 3.39 1.20 4.02 3.99 

K20 0.77 1.43 1.40 0.42 0.78 3.96 0.24 4.41 4.45 

P20 5 0.17 0.26 0.26 0.10 0.29 0.08 0.06 0.02 O.Q1 

Total 99.31 98.78 98.87 100.55 100.38 99.16 99.25 98.62 98.35 

T-Fe20 3 means total iron as Fe20 3. 
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