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Determination of Some Major and Minor Elements in Rock

Samples Using an Energy Dispersive X-ray Analyzer

Hiroshi KANAYA and Shigeru TERASHIMA

Abstract

Experiment in determining some elements in granitic and volcanic rocks was carried

out using an energy dispersive X-ray analyzer.

The instrument used in this experiment

was a Si(Li) semiconductor connected with a 1024 channel analyzer. Excitation of
the samples was provided by isotope sources of Fe-55 (36 mCi) and Cd-109 (2.5 mCi).
Pellets are prepared for the measurement in mixing 1.5 g of powdered rock sample
with the equal amount of the Panorak binder and pressing at 2,000 kg per square cm.
Analyzed elements are potassium, calcium, iron, rubidium, strontium and zirconium.
The results obtained on potassium, calcium and iron are in good agreement with

known concentrations and need not any correction.

But matrix effect correction is

necessary for rubidium, strontium and zirconium, which can be easily done using the

iron content.

It is concluded that this method is applicable for chemical analysis of geological
samples. In addition, the instrument is compact and mechanically simple, and requires
only small consumption of electricity. Several elements can be measured at one
counting period. This method can be used as a portable analyzer in the field survey.
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WHEBAWE L SCAVLNTE TS (FH, 1972).
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MBS ERMES IR FOES LI » THFRE, &
FELLEFRIOPEBREIND X 5oz, TOF
BARLB L SERESTHREHEGDEERX RS 2
1258, TNETCOGIERERACKEE L L3
L, TFEAE—SREEOETIEINRIEL S, LL, T
OIS RIS RO ARFHNECHERTESILEDOK
MEIERTAETH D, £ 7ok & 2R O R IEE
CEPL LB EOFEDTHEB NG, &E,
HEENL R VBEERSELE— 2 TAEEL LTOF]
FAbHRETH S,

s OFE S BHVERARBNT T 5 Y h kDA
BT 5D ERET - 7.
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B AMERED LT, HWERES CHE
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2. AERFEHIURH - <Ly FOEK

PR IR O RRE L FTLR OB XM= 5 L F —
DRERICOWTIRT TIeoR% (FHE - £4,1976) 25,

INLESBIICME - KIUER EORBER VA Y ¥
by, HAYT A, FEY, GBREDERHGTEB I
EVY A, AbRYFUL Jra=y AOMETESY
FETHCEREMNE L THADERRZTo72. THhb
TLERLZBEAROFEEAIERES - KUEDORDTH S,

BB OERITER R ERE /) T v /1 v E—L
BELRVy P EERT S (RE - %M, 1969) i
Xofe. BTN A ) vHHMRHERA LR LER
BRER (CPERE 105 pm) 1.5g WEEED/ T v 7
(RAAS v 3 {bEEE, BA-223) 2z i +y— IAT
20 ZyREET 5. ChEZERE 35mm, HE lmm, &
X 5mm D7 LI =AY VAR, FHlE R TR
TLEHRWET VAT 2,000 kghm® OETTHER
Bl $EAHRNER LOBHERX5E VRS
Licsd, WEME—L I (BV ATV H—1 b
BE), I¥V—3I0 (BVITATVI -1 PER~
Ny TIZAF v RBIRAL), REEBEE (57
ATV H =31 VRER), BIONEDO S BHIMER B
WOB R R R L .

B D VERLIE FLANAGAN (1972), ANDO (1974)
X5 EARERBZAY (8 15), KR - 4HE (1969)
OEBRZHEAINZRV v PR BV, Eh3EHR
BELTATHRAR L3 DbAWE, HEL LT
FHREEART VWEE (LM, FEHEE) 200 5Bl T

F1R ERCEBELLCHERLESE
Frawaean (1972) % X 0" Anpo et al. (1974) X %

Analytical values used as standard for this measurement, which are those recommended
by FLANAGAN (1972) and ANDO et al. (1974).

Sam 16 Kzo CaO TlOz Fezoa* Rb Sr ZI‘

P (%) (%) (%) (%) (ppm) (ppm) (ppm)
USGS

G-1 5.48 1.39 0.26 1.94 220 250 210

G-2 4.51 1.94 0.50 2.65 168 479 300
GSP-1 5.53 2.02 0.66 4.33 254 233 500
AGV-1 2.89 4.90 1.04 6.76 67 657 225
BCR-1 1.70 6.92 2.20 13.40 47 330 190

W-1 0.64 10.96 1.07 11.09 21 190 105
PCC-1 — 0.51 — 8.35 — — -
DTS-1 —_ 0.15 — 8.64 — — —
NIM-L 5.54 3.30 0.51 9.77 183 4,480 —
GSJ

JG-1 3.96 2.20 0.26 2.19 183 181 111

IB-1 1.43 9.27 1.35 8.97 42 447 153
in weight

* Total Fe as FezO3
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b DORBREETSE LTHER L. AEY Y AREL
N A (RBCL 99%, BAR(LYE), A+ vV Fv7 Ak
KEEA b r v F 7 4 (S1COs; 99.9% LAE, Johnson,
Matthey, Specpure), T/ 2 =7 AIWEEI L2 =7 A
(ZrONOs)- 2H:O, ik, BFILEE) 2.
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HIEROBE (B1R) Eko k5T, oot
Ezos5,

ooy sample
X-RAYS

/ RADIOISOTOPE

/- )

1) BEMEIES ¥4 74 Y b — 7 %Fe-36mC,
19Cd-2.5mC @ Y v F3kEE (38 2 K, New England
Nuclear #:8) Z{HMA L 7.

2) MEpkBHserx, Si(Li) (ORTEC #) % Wi
AE 175 eV (5.9keV D=k ¥ —RiBIC IV 5 LEIR),
RHERE 80mm?, EX 3mm OHOFH V.

3) FYy7vI, V=7v7 Model 117B, Model 716,
Wit d ORTEC ), 1024 F + VR VS ERESIT
S8 (Model 8100 %8, CANBERRA ##1) % v,

4) HWHEBRFTzAV—~F—k XY va—%&
— (Model 5055A, Model 7004B, Wit 3 Hewlett
Packard 38L), £Hic 7 — 7o F (Model 4070, FACIT

Si(Li)
DETECTOR

PREAMPLIFIER

1024

AMPLIFIER MULTICHANNEL

ANALYZER

HIGH VOLTAGE
SUPPLY

X-Y PLOTTER

DIGITAL

TAPE PUNCH
RECORDER

BIR SV9FTAVF—THECE 23 EAXBESTBEOT TRy 7 ”

A block diagram of radioisotope excited, semiconductor X-ray analyzer.
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SOURCE

B2l FVFTAVI~THTerOMER

Section of radioisotope capsules.
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%Fe #5F CREHET 2.7 4) ORHABHHT 5.9keV,
6.5keV (Mn Ko, KB #8) THALRITF Vv 4 (Z
=23) LT ORETFES TR R L k5. Rk 9Cd
FRIE (R 1.27 ) %, BRI 22.2keV,
24.9keV I XO* 88keV DFRD Ka, KB #ids L 1 ##
THEATRIFENREP LER L CF 4 v (Z=22)-%
) FFY (Z=42) DFEETHS. ¥Fe F G ¥Cd ©
BHE A7 P A EE3H, %4 RicRT. 9Cd o 7,
88 keV XV Th 5.

EHT Fe BBV 19Cd BIETALET LI FV
TAF 2 VA~ (B5E) WANEERTS. BRELR
B, A rmifoRkEEERILE L om & 19
mm TH5, FRPlBETNCERR T T,

“Fe 2 RWc L ESBHE AT HO Y 1 v &
1,000 F ¢ V345 10keV B XSFELR. 2%
D1F v viEan 10eV Ths. g 1°Cd #HER
1,000 F % VR A% 20keV ZFHELZ. ZOBE1F
¥ VRLME 20eV THB.

— Mn Ket

Fe-55 Source

COUNTS

Mn| KB

| L

500 600 700
#I3K Fe-55fiE XY T35 MnKa # 5.9keV &
KB # 6.5keV 0R~27 } b

Spectrum for Fe-55 showing 5.9 keV Mn K« and
6.5keV Mn Kg.

(B271% 8 9 %)
i Cd-109 Source
Ag Kol
|
w
=
=
oD f—
O
(&)
B MKP
_ \\L
500 600
CHANNEL
4 Cd-109 HiEL v T5% Ag Ko §§ 22.2keV

L KB #t 249keV ox~7 + v

Spectrum for Cd-109 showing 22.2 keV Ag Ka and
24.9keV Ag KB.

ACCESS PORT
SAMPLE CHANGING KNOB
SAMPLE ' I
SOURCEJ::;JIJ
g
DETECTOR:
o} 2cm
—_—

EEX TAIRRBBEOWER

Section of aluminum sample chamber.
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1%, BAXBO=FAF-E~7ERZPLTTF V' F
L (70eV) O EEBEY, 19Cd OBEI1E8F + vV ER L
(160eV) Dt EE B Wie. b OlEE, EHIZESiEkE
X5 E—7ORM» D 2 AIRRCHET L, FHKEZSE
LOoODBETTROE — 7 ~OEERBNI PR X5
PerE Lz,

5. HEEREOMER, AED
BRES JUBBRCOWT

BWARABORERES, INEREEOREO CiEhin
ERvy MERETIRAETSEEDbhBIREI D WT
2, 30BRE 5D, ETEEMERL A, Fv 71
VE—~DIREEBRAT DO 2.0g, 2.5g,3.0g,35g,
40g #FE L 5 BEORV v P 2B L. SRIOH
ELROBELX B RN F— IR DOTRV v FOEX
CXrEEEHELS 5 LEbh5, EEBEEEYA
HEYBIETETHS, ZhbRry FREOH Y Y
Ly, BAYT ARLIRF 2V OBEXEBAECRT 55
iz 1,000 BEIE L L ORB 2 RD E2H)., chT

F2E FA-EAPRGLERELEX THERLAR
BICEBHV T, ANV TEABIOFEY
DRERE

Intensity of potassium, calcium and titanium in
different amounts of the same sample.

Sample n*  weight K,0 CaO TiO,
437 2.08 7,282 189,764 40,206
438 2.58 7,671 187,701 38,584
306 3.08 7,647 187,876 39,898
439 3.58 7,777 187,422 39,593
440 4.08 7,611 185,748 39,600

X 7,766 187,186 39,576
[ 91 977 609
C (1.2%)  (0.5%) (1.5%)

X: Arithmetic mean

¢ : Standard deviation

C : Coefficient of variation

A5 5RD 2.0-4.0g OHEFHOHBOFTIREDETLIER
WHEL, Ry MERBOBEABOL LD Zighit
JETEDLELZOLNS, FRIOMEROVTIE, T
TIREE (1976) PERE AT VIKOWTHERT- T
w5,

DEEF AR ERELAE L 2 & EDRERLED
FHlE A 5 0o, 2BEOERHE, JG-1 & IB-1
ZENFN 10 BEIELI Y VA, ALY T ARIOF
VDY~ NBEBTA5HEDLD, £DOAF VX

W HE )
#3F JB-15x0JG-loRba<vELI0H
BIE Uiz & & OFHRE & £ OENRE

The average intensity of ten repeated measurements
on JB-1 and JG-1, and its coefficient of variation.

Sample K,O Ca0 TiO,
X 14,515 112,718 32,908
JB-1 ¢ 300 1,036 599
C (2.1%) (0.9%) (1.8%)
X 33,431 29,899 8,741
JG-1 ¢ 480 322 142
C (1.4%) (1.1%) (1.6%)

: Standard deviation

X: Arithmetic mean
g
C : Coefficient of variation

FRRL E3E). chbfRTHBIREERE
2.1% DLFCRIFTH 5.

P X R ERHET L, JG-1 & JB-1 &
HeRE 1.5-3.0g ZRTROMFEIT T 10 B L
T, ThBRBIELRLLS, BVIAFVHI—A4 b
BTV TRI R VIS AT VDIV EIF—T Y
BEBD O, &L TRBEBE T 1.1% (EE S~
L) DERFRLE. ¥a -0 2V T R K
0.2% BEORANEE SN (E6RX). oz ks
VAT VOLEBSE (Z=29) »hbFr<=wun (Z
=32) OKBHEEdbbhadzd, <1 J v 7 A%HE
DOEEIEATERLL DD LB E» S BRI CHEk
FEEBRRTIVERDS S, LpLlavVE Ix—a
VERITESWVIIRREBOSMER, B Ah
LHBOEER, HUEOMERELH, KREHSLOE
HARd ) e EENCRRTSZLRAE L Bbh
5. BT OWCTIET TRBHEI N TV 54 < ORERS
®5 (KEE, 1975). SENTFHRZ 105 yum & 70 gm
DEFHRIFCOVT, UYL, ALY TABINR
HOKBBELAEL N EEOEIIRD b i b o
7.

6. BREBOERSIUVHRONTELD
JARF Y

BEHROERIETENEEMOER H ¥ B (FLa-
NAGAN, 1972; ANDO, 1974) %32 L, ATHMIC/ER
LB 285 E UCifko 7. MEMITEREESE
DEFE L UBRXBOITEEOHEFTH XL T 5 C
LIEVERL, 8FE 02U HEL Sy s /T
VIELEEZR, FRVOrDERROE BTG
(F 8, 1970, 1971, 1973), v ARZ tm A Y —¥E (&
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CHANNELS

e ZVIFIATFVH -4 FPEIRFHABHEBELERALZLE, BHELDZ VI AF VR ITa2 S
2 oBRME JG-1) x OBRAERFRT A7 b )

Spectrum of powdered rock sample (JG-1) ground by a tungsten carbide rod mill showing heavy con-

tamination of tungsten and cobalt from the rod mill.

%, 1970, 1974), HERBE X B TEBELC X - CER
SHVIfE (ARED - 48F, 1969) &7 mAF = v 7 AW
7z,

7. AEM#R

7.1 ERBALEDOFECOVT

# v v ADEER G-1, G-2, GSP-1, AGV-1, BCR-
1, W-1, NIM-L, JG-1, JB-1 ZFEWiaEHE»ERL
7o, MBRIIEEBOET & & 5TEUE X D 5/ 2 ik
XYk 7R, chicfibEcEs SR
14 fHEinzi. ZhbOERTHEDE, RERGOE
B EAMETHEKA 4% BENAND 08440450 b0
B8, KES1E 3% T CH 5.

By AOREEIIEERRE LT Y T ADBEE
FCdDEFERAL, RREFECHREREZRDZ (8 8
B). chicf bk cEES Nl 8@ mx. »
ATy LAEEETHEE, VT ADOKBERI LT
2D Ka picBE TS, CORELLLD, 7 U7 A
SHEOEFEINIVERLH U ¥ 20RMEE AT
M EDEEZ KD, hAT T AEN VY AEERE
DF R —EDIE (0.0785) BT H A7 ADEMK

HErLETE Ty F Lk, ZOBRIEIHI I VLI
LXVRFAMEZRL AT YFIIELAEINBUTT
5,

SOBEEE S V7 ADEEH S NIM-L % 7- 8 F
OEERNECHRERZERL, hic 16 @Eoak%m
27, $RIFegkE LT FeOs ETHL b LA EXT
Ll IR, HRIZM 2 EBRBEBFLERZRLT
w5, ‘

FEVILONWTH 0.2-2.2% DEFEHFTH Y 7
by AT A EELRARTEBEREMELR TN S,

1.2 HETEOEELCDWT

NETY AOBERRERSTTREF -V v b, F—
F T G-1, G-2, GSP-1, AGV-1, W-1, JG-1 %
Xt IB-1, #oEsic JG-1, IB-1 AT wa kA
PevF Y AR ANTENCHRIU 22 3B (RES - 56,
1969 Fp4 v 7 No. rS-008, rS-009, rS-122) &Hnz
7o, CORER (8 10 Hhoph) BERBTEOLS
CREMPERCR ST OrOEENNETIIOL
255, COSEICOSRE - M (1969) IXEMEH
CERD LA TR OPITHT NTNOR R ERE
T5HERZ LT W5, %7 ANDERMANN - KEMP
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') /4 79 R CER SN TY /6 ERBERHOSTE
(BA) LMBHTHRICE ) RDENEHWE (+)
o Calibration curve for the determination of potassium.
2r o Symbols from figs. 7 to 9: each component of weight
percent is taken from the recommended values (solid
circle) and is determined by other methods (cross).
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Calibration curve for the determination of calcium.
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4° Calibration curve for the determination of iron.
-
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0 ! 1 I
0 5 10 ) 15 Fey03(%)
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3 L
o
o BIO® ATV AORER
3r o MEMOMERE (Bh), RREERBLLTHELR
BlEE (Bh)

L Calibration curve for the determination of rubidium.
Open circle, measured; solid circle, corrected value by
iron content.
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(1958), MURAD (1973) #5.3 v 7 /5 v FHIER, X
BRI VETE70 6D Kaiges v 7 A7 D La #f
THET 5 HEET-> T 5.

ZOWETIE~ MY v 7 AMECOESEFEHL 28
AR oL e ATEE L O TR OB RIKOF
EEREVE., BBOA rRYFVALI LY ADE
ALRRTH 5.

FFHWED b - T HIEME 2 BEZER, To
TERMERRCTHBR L sk ez LIRS LBREAFED
1.20-12.8% % TZbLT% 6 BBEORBZER L. T
NOEHEPEOLED YA, ALRVFTLA, {v PV TA
BIOVL =7 ADENREFNOD Ka OB RT 5
FHEEAELLOE(LERD . EFEOLNLHhO
BRELATY 2 R85 50, ndbhrRIRCEs XS
EZEEORWE (B11E). thzdiicehThoi
BOBEE BT T 2B kDL E T Y ADFHRERE
El7., zoEri ) RIFLERER (8 10 Ko
EH) BELhk.

A rYFTAQHEIEERAE VY A LEL ARREE
Cfiof., Zhdshd IWHEEZRT BI12K).,
BRAVWREERAI8ETH 5.

Jra=vrDEERE G-1, G-2, GSP-1, AGV-1,
BCR-1, JG-1 X ¢ IB-1 @ 788 % A, #IEREK
EPTFHIVTARAEILITADEELRMUL A IRV F
v A0 KB oEELrZ | EHEEEZ RO (8 13 ).
GREREFREEEZTRT.

4w b)Y AEDOWCTIEY R EH EORRERRE
BN & ITERE L Re - 7es, NTHB2mET
S fERII TS 365 & SIEELOER Z R T

FhovR, M, ), = v AR EOTLRDIYURER
REAFETH Y, FHEINCHTEOBRETRIZALE D Y A
LM oERZTRT (k) BTTds.

¥, VESTARBIORA PRV FTARDWCHR—
RV y b EEWVWIRAF v (FU4E, B15H) %
Hode, 7 BAF = v 7 THAVRERXBHITER,
TA4Y w T AL I A~ PW 1220 B (JREE - 42H,
1969, Cr %%k 60kV TEHE, BTEIE Mo &3k 90 keV
TX5) T, MhlcEaAEEEE LCRRDILRE
E%VC}) o7z,

7.3 AEHROTLH

ChETCOHERRLBEBECELD—HEREEITS &
WO X5,

°
3 \o
o
N
) \o \.
\+ \o\.
> X +
é ar \\*\\q \\\\NQ:::i.Y
+
E \X\+ ° Rb
=z x\
= x Zr
%
o
o
] b
O 1 | I
0 5 10 15 Fe,05(%)

BILE EEE OFe) ZILICXIBALET YA, AVRVFVA, 1y
FYY A, Y=y aAOBERL

The variation of intensity on rubidium, strontium, yittrium and zirconium

for different iron concentration (total Fe as FexOs).
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n Calibration curve for the determination of strontium.
b
0 1 1 I [ 1 }
0 100 300 500 Sr(ppm)
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o
BI3K Urz=vsA0oRBERH
Calibration curve for the determination of zirconium.
L L | 1
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Rb
(ppm)
3001
200f
>
o
w
® U =FAF-SEUBXRSTRECI L EY
100 - VADQGIE L SRAXBITEEC X 545
> 1 & o
/O Comparison of rubidium content determined by energy
o dispersive X-ray method (E.D.X) and X-ray fluorescence
method (X.R.F).
o
%
O i 1 )
6] 100 200 300
XRE Rb (PPM)
Srr
(ppm)
700
500 |~
S
o
Ll L.
300F /° B15 M =FAF-—SHBXBANEBCLIEA LR
g ° VFYAOSTELSHEXBIMERCL S
i /@6 AT & 0 Mk
y Comparison of strontium content determined by energy
o dispersive X-ray method (E.D.X) and X-ray fluorescence
100 / method (X.R.F).
o
0 | i I ! ! I L w
0] 100 300 500 700 Sr(ppm)

XRF
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wE®BEMRA®K

ERFTEROHI VY A, HAYY AR ICHOSHE
VW AR BIFRESEGRERL (TRETR
SHED KB MBEET L SR Fr0oBER»£5]<),
HY T A 0.6-6.0%, A 0.5-13%, £ 0.5-14%
(TR HEEH) OHERNTIEIS o R EGEGE T
L, [TOOBEEZLEL LAEWIEBbrole, F2Y
COVWTHELRELFUBRBZLL T WS, La L
DTS-1, PCC-1 0k HEL EET % L SEEFH LiZ
UWERHRENC X 5 REH X V1 20% O E R L .
INBRWThb <Ry A8HERIEREICEL < b
Vw7 ZARREDLEPLELTVWE D EEbDI S,

MEBITROLEY T A, AMRVFYL, BIRIA
= MISREFERIERICEIET 5 2 L CERSITLE
LB, BIFASWREESLONS. Zhii Si0: %X
R ALOs # XL T H VLD S HBREERORBEE L
LT LDt~ bV v 7 ABEDL, $REFED
WEOLTRR)OBES2ZLNbDEBbhs.,

8. WERZE, RHETRICOVLT

HiERzE, RETIREY BB CERT 5 C L3RI
LV, ZRIIFHROHINZERS 022 5T, BlERO
REEDZrCHEAR OB —EE kT 5L, h
LEERMEL LTERT B LEAHBR T & TR,
DD TRREPRERE S 5D T TRON:
%&f, D&Y %Fe-36 mCi, 19Cd-2.5mCi o FhiaEEic
M 80mm?, EX 3mm ¢ Si(Li) B % 6 -
%ﬁ¢ﬁl@ﬁ@ﬂﬁb%&%,%@%&@ﬁ%mwﬁ

LEtHEIN 3 EHERAEL b i UCHIERE, BIET
l‘E%ﬁ‘fW HLTAR., thoiEOD L ek 55
GBAR) »OEETIHLUTOX>Th 5, MBEIER

(F2rx B9 B

EARRETERL, RETIRIIE <« ETRTETH
D8, TTTRASv 27 75V FEHBROTHRO3IfEL L
TE o7z,

EFTERDTRRLCOVWT LD E, 1-5—vV + SHE
BV DOFEEH VT A, hALI YA, F2VEETFE
SRREL LB ONABTHEL TS, Sy r7 S5y
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Summary of the results obtained in one thousand seconds counting period using 80 mm?x3mm Si(Li)
detector and Fe-55 (36 mCi) and Cd-109 (2.5 mCi) sources.

Blement  Comtwper  Bukgownd  Comeltion ocobic ot vassmen
3vND (ppm) (%)

K0 11,514 2,741 0.991 135 54
CaO 16,884 1,380 0.998 66 35
TiO; 30,456 5,636 1.000 74 34
FeyOs 3,652 2,291 0.995 390 35
Rb 10.25 x 10* 520 0.999 6.7 35
Sr 14.05x 10* 443 0.993 5.0 32
Zr 19.66 x 10* 88 0.998 1.4 39

Source : 36 mCi 55Fe, 2.5mCi 199Cd

Detector : 80mm2x3mm Si(Li)

Counting time: 1,000 sec
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Relations between concentration of rubidium, strontium, zirconium,

zirconium containing 500 ppm strontium and the coefficient of
variation depending upon the counting statistics.
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