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Goto, H. and Oono, S. (1981) X-ray fluorescence analysis of chemical components in rocks
and minerals by powder method. Part 1. Grain size effect and contamination upon
pulverization in pressed powder method. Bull. Geol. Surv. Japan, vol. 32(4), p. 213-226.

Abstract: For quantitative analysis of major elements: Na,O, MgO, Al,O;, SiO,, P,O;, K,O,
CaO, TiO,, MnO, Fe,O; in silicate rocks, sample preparation procedure by pressed rock
powder method was examined. Starting materials are powdered standard rock samples JG—
1, JB-1, OG-1 and OB-1.

Three types of powdered samples were prepared based on maximum grain size: A,
—250 ym¢; B, —83 pm¢; C, —23 pm¢. A-type sample is prepared by one hour grinding in
automatic mortar (agate), and B-type sample is prepared from A-type sample by grinding in
ball mill (agate) for 30 minutes. C-type sample is prepared by 5 minutes mixing of the same
weight of B-type sample and Li,B,O, in a blender mill (tungsten carbide).

Combined usage of automatic mortar and ball mill can provide idealized powder sample
sufficiently fine-grained, and cleaved biotite can not remain as recognizable flaky fragments. In
such a short-time mixing in a blender mill for 5 minutes, tungsten carbide of milling vessel is
abraded and incorporated prominently to cause contamination (about 0.21%W) into JG-1
which contains abundant quartz, to the contrary, less than one fifth or so (about 0.04% W) into
JB-1 which does not contain quartz (Fig. 2). It is ceratin that quartz is undoubtedly effective
abrasive in pulverization.

Surface finish of pressed powder sample (pellet) depends upon surface finish of steel
press head.

C-type sample and mirror flat finish of pellet can provide good reproducibility in X-ray
intensities of 10 major elements (Table 3 and Figure 4).
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WMEBETAR ERNE 548

A (UTFRvy MMELEY) LEEE (V7 AMK
HBENWREFTTAE—FEE) O 2o00FERDS. ZOW
EOFERE, ThZh—E—ErbY, ZOMERER
REOME, RATROBERVEEERE, vFJVv s R
BREEETS. LB TEVWEBETIYVRIEET
%7 HRRS DR - SHRIC X - TY 0RBFaRE
FBRAT»2RDEIDITTHS.

STEBOBRENHEME S h, MEBREIEREIIS
o, RRFMCET sBHORSBEEL k- TE
Iz.

vy MELX B ERADEMRAITTROEE S Bk Vor-
BORTH (1963, 1965), Leake et al. (1969), Norrisa and
Hurron (1969) 2 ¥t ko THELLIE X h, vy
MEZ X D EETERVW—IDORITHRIC OV TITEE
BERY AN TEEMTbh TS, oLy bk
Tk, TR ORBE 2 B—cT 520, BHFEREIC
BWTTHA v VBB D550 % T K2 250-400 2
v VaDREHOLDOESBUSHICER LTS, hE
DED o BPHCAA VT - TREL, MERE
Licvy PRBHZOW T, R XERGREE ORIl & %
DEBFMEOHB LTV, ThicBEE ML RERER
WTEEZ{T-oTWEDTH 5.

AJliEs (1962) 1k TREIORFEMPTBZ i
I oT, TRXBBERLZELMEICT 3 DIiThER
BELFEROICEE, EESNIRHTROKRXBRO
FRRERLE —EEUL TR S 2 5 DIcERENS
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ROWBERINE B ] LBRRTNS,

SBVEMRT 5 HEEEM B Lt L THESL
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AR EEE 2RV

—fRIC_ vy MERBMER CHE LT, REFRRSME
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EEF vy MEIC X D BERBOETLR > bETHR
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DO¥RESE, BRI FsavZIx—v 3 vO/
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0 VRXEEEOFRMEEICOVWTREIIL, RWER
BREBLOTI ZICHETS.

AR ET S T LB CEE, BEINSAHRE

F, KHFLVEEE» D RE4ARLE L8R
et &, HEHENABEE, HIFNEEETEE M
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7B, ARPFFEO—IERIL, FHOSE 6 A HE40E Sk
MHRAIBWTRE L (47 - KEF, 1979).

2. RLy bRICHITIHES

FWEBEEA DERS TR T WHXBANEITH 5
B BERBOREFERERICAE RPELEZ S
LR Mbh TS, Thbb, RERELZ—ECT
I OBFEEREE & b IR BRI ES, BRTTEOW
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B DRSS RIEIC 2 5 (LE, 1975; AR,
1978).
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(% 1%) (EH, 1968),
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Bl BERRCEHOTEE

Mohs hardness of rocks and minerals.

B OE [ (& B

B OE T B O(E B)

1 HHE, B
I~L5 | #d, Tvzst

5 VY, VVIRE, 7w AGKE
5.5 | #7A, BWERREA

2 LD, WL, AFY, WA
2.5 | iR, FeL, AE

6 EHf, #5, ARAE
6~6.5 | FREGE, BRALEREE

3 HigEE, ER, ERA, AV 2 ) U -
3~4 wARAEZ D, A
3.5~4 | HEE, H4

7 B, k¥THE, EHE BE

8 EHER, RiER, BRE

4 BkaHE, VUER (KE)
4~4.5 | FBHRE, HELE

9 WME, HE, AR

10 smE

ETBZEHORES, vy bORE, BEW2LiZd
BETBHLERD .

3. XEBOAR

ARETREDTFH LRI BHTZZ L, 2
Ix—VavERNMNCTAZE, vy FOFEL LT
BE4BTk, ROTWEXEBMEDRIESEIC oW
THRETL 72

et R DYk FER BT T CHERR U T Bk SR 12
¥EEaRASoERA R E UG-, ZRE (JB-1) o
2EHE VTR UERENC R > TWE, ZORESTH
X, JG-1 o4, 100-150 2 v /= 46%, 150-200 »
v o 41%, 2002 v 2 PTF18%CH Y, IJB-1 0%
&, 100-150 2 v oa 27%, 150-2002 v/ 45%,
2002 v = PIF28% G5 (ANpo e al., 1971). F7r,
AHBHERR L L TRHFLV, AHBETFHEE P ER
LS bEmE (0G-1) RUZRSE (0OB-1) i
L.

3.1 ERICAWCEEERUES

R - ) I BRREEE AGA B! (BTG

BREROMBIDD S
: EBRERORA— VI P-7 B (FE
Frirscu fH8) . HBAROMERZ DD S
WHESH | EEIRSRE R T1-100 2 (FTH
R . MPRERBOMBRS VT A T
VH—AA
RAHE : 2 %9 — 380005 (kE SPEX #h#l). B
ERERVR—NVOMBIE T A5y 78
HIEREE | BEE 7 v 2 MP-4B #I R-38 E
7 b (EEPEHEED.
INEARBREE « HEVEREEE T-7701 B (GuAH:AL).

FWRXKBRANEER « TWIEXREEISITEE AFV-
2028 (GRE#H).

3.2 HmidE

BRI X MBI T R T—BFADES TiTbh, £
COFADBBREINTWS. ABIEROWREFEIZ, B
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2R TR ORISR ME
Operating conditions for present XRF analysis (Rh—tube: 50 kV, 35 mA).
BRESw 77 ME
B n | AEAKER| G- s | REEB | Avub | pav ERIT W
20° B | T ®B i

Na,O RAP 54.25 PC c 1.00 575 130 100

MgO ADP 136. 47 P " 0.60 800 250 100

ALO, EDDT 142. 40 " " 0.36 850 250 100

Si0, TX-1 144.55 " F 0.36 900 150 40

P,0, Ge(111) 140.76 " o] 0.28 750 150 40

K,O LiF 136.56 " " 0.17 950 250 10

CaO LiF 113.01 " " 0.17 850 270 10

TiO, LiF 86.07 " F 0.22 975 450 20

MnO LiF 62.91 " " 0.17 800 375 20

Fe,O, LiF 57.45 e " 1.00 950 250 10
F v (LiBO, BBz 0k 5 icRRT5) 2.00g % IR TUuRXBAFEBOHEKRoORZEMR
RS BRRICAN, BEESERE G 5 S Stability of instrument indicated by count-
BEZ21TY. ZONRBRBEARBRIETEGRE > Tl ~ ing statistics.
RERRNECHMRBERE GUBRE23 pm T o ma [BEEAWERHE 2yt g@?f?i 5 o
b o & Li,B,O;, 0SEEAY) 1 LEEL T35+ % | Ta | FREN 750 )
SEH—CRAEESN TV S D CHNE~DRESEE S % L Fe,0,| 2.17 10 | 127650.2 | 0.279 | 0.006
THEECE bR, WHRKE SR E2.00g27E&  MnO | 0.06 20 | 19355.4 | 0.718 | 0.0004
L, <=Ly MERFAREHCE 5. TiO, | 0.27 20 | 18748.6 | 0.730 | 0.001

TIER SRR EicT A =vaBY L (4gss  CaO 2.17 10 | 137531.0 | 0.269 | 0.005
mm, BEImm, B 5mm) »EE, Z0hicginsk K,O 3.96 10 | 297322.0 | 0.183 | 0.007
BAREEED, ST LHEE L, Boh P?Os 0.10 40| 3681.6 | 1.648 | 0.001
fEtne o b s, 2momER cmmmE 0o | Lo R
- Ko X .2 ) ) .
ABIEAT, FIDIIS0 kefom® (A —5 —HR7ME) OIE o 3] 0| sor44| 1117 0.008
NEROTH ENEHRS, EMOMWERERY, ~v 6| 33| 100| 13885.6| 0.848 | 0.028
v FORBEBETS. L LOPB ATV EHAIEA
N N Rh: 50 kV 35 mA

T TOUERED TEET 5. RICEUMER & & N=THEonysh o Jﬁﬁxwo:%
¥, BERIES v ABic AN, 5E1X300 kg/cm? (% — ox = EARLEIRHK
5 ) OEAEET B, COENEBMEE-T  A-EEE AxH= %

%, PLTFOENEEL. EEOREED JE 7 i3 1896
kg/em? L7225V, TE Lol vy YO TEESHHR
EE & L.
MUy ML AR O 2B JG-1, JB-1, OG-1 K
OB-1 izoWnWTZENFh S EF 2Bk LTz,
INEMIRGR <, REZEWRCHET 2 LERD
5. St ki, BPEEMOMARECZDP Ju—2
(FKEMFEEAA DUR 300 mmg) 2HEL, Z0ERiC

1) T Offiik 2 — ZHORMEIC BE S L ABEH OFREE T TR h B,

71.63 cm*x 300 k 2
D S SRR — ey ko

100

DP ¥4 ¥%EYy FR—2 b (BEA) 0.3 m! iz DP 1 —
TV FEEPIEKR) EMAEBEARCOITLTE
o Tefth, KRR CRSELINERE® A, MEZEES
EIFEEITS.

3.5 [FOAEXEmED MRS

ETEROBETZEO L LI bEHREO I vy
AEHREFERH L. £en VU AEFROGBREER R
EERIITRZN0 LV, 35mA L L, XEEKRIIEZSE
ELTHIE LT, BRITEHE S LITRD i W X
EOREEGYE 2R O™t (R, 1976).
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FORXESTEBOREREETAS Y, JG-1 & AR RBEEBOMARCHZE L -Som (Y5 —
AVWTEBRSTERBCRR - —ERHOWEL SEFF 77y vy — « MERASKR OV~ —R ER2FER LG
WEDOEHE A RS, ThARRICLESRETHGER Bl boRNGHICX > TLERSIRT 5) OREH
UBEEEL LRk, FOEREESEIGRT. Mh 1022 Ah, ¥ 1BERERE(TY (FRE2SREICSLE

DR LEREDOBRAN CHBRMEIE S ch 5. FAEE | BEE% REEEETIEAEEZ DX
—— A LR &z oBiEix250 pm LT (B 1K

' " = a) khofe. BBRICAW 2 MERFHEEEARBO

4.1 BPeR BREZ OB R TR LR LR U TH

oG-I

OB —|
# 1K a:A-type sample (—250 umg)
EIN HESAETRTEBETHE
OG-1 BEEEFRELHMETHY, OB-1 BEARLALLRETHS.

Photomicrograph showing grain size distribution of the powerd samples of OG-1

and OB-1.

OG-1 is granite which includes plenty of quartz and OB-1 is basalt which includes pyroxene.
Left: Open polar

Right: Crossed polars
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OG—1|

OoB—1-
# 1K b: B-type sample (—83 umg)

ofe. Wiezh b (EREE TRAE BEAERN
EOGHHASERS) 2 BOCHEIRpHREoo0 %
T AT, F9304HIREE 1T 5 L83 pm PUT DRIE—E
DRBEORBLEE - Te (BTED). 285 W T
139 A4 v F— & M2 e RmisiR e I & 585
BABERTIE, LMD mUTikRoT W3

(1<),

ZOMBAREFOIER, TRFRO%, BRFXE
FERT5 L—BHER DD, ENICHERORBRE
BEDZ VDB, Tihbb, BRI CREREER:
AT > THOBRTHRIRIB L 2 V BB TS v TH
BORIECERETAEAR L 5. B BEEEIEEIMEN
Zh2PboT~ZEDD, IWRT, £k, FEIE

EXBWOHEERTEY TV, LR THEEDE
S TBRREE L TV B EREHBIT 5101, TR
FHEREETHY LR, RICIT 5 R30S g R T 5
L —EREUTIE SO TIOECHITA, 20k
R UTHM L BEREI S5 WEBE 2L THiziE—
EORBERUTERY, FvABEEREE LTHVWSZ &
BTEB3.

4.2 BRESBERE
EEESRESHEOBIHRERRL, ¥V ATV
B =4 MEOMERERRTHY, o, FHED
HiEx Ah, EET2ZLicky, BBLEAERRE
TOZLWBTES, REBPLIVIAT OV E R
F—va VBRI ER - FE (1976) kvl 1% L #
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% 18 (BRI - REFIE—)

oG-I

OB—1I

B

EER TV, ARGk 2572700
aVEIF—Va VERLLMBLD, KORHET-
. Thbb, FURFERRE JG-1 L JB-1 LicF&
O Li,BO; Mz 7e®, £z ivh@Litzh e
NHTHREARRICAN, BERFRANEE <5 Y
BRA L.

JG-1 Kt JB-1 Liz Li,B,O, #EEMIBEEAL
T ERRESRBORPVWTRENEER Ly b JG-1
@)% IB-1(a) #{ERE L. ¥7c Li,B,O, iz T
W% 4T - 7o BBH® JG-1 & JB-1 132 OB & FED
Li,BO; #Mz 77 A2AF v 7 MBEFBRCOOHII *

—INBAETIOSHEES L, vy hIG-1(H)
KO IB-1(b) #/ER LTz, BIE © < vy MR L
Li,B,O; EMREERTWARORBES LIz vy ¥ I 1

c: C-type sample (—23 umg)

—v g vOIREE, BEOSVy MOIFREE T EBRL
OV FIF—Va v Thd EhavFIx—v

a VEEZRVW_ Ly b ELTRROBIER L. 7
VAESERE JG-1 b JB-1 LicR&® Li;B,O, &
Z, IFYP—IVREBTIOGHES L, <vy b
JG-1(e) B} IB-1(c) 2 fERR L T2

DUEIF—Ya VBEREVWETRENIPEAR
Bh b OBERS 2 BT 572, a, b BUR e 3 FEEH
COWTHWEXBBREDOEESTF v — &5 2 -
wLTe.

M oBERE—7 OHTWS SO0 5 bilgh, H,
=y VDOV TSRS B 2L Y 2L, BEEL
DN EPBDBNT. LBLEVITRAT Y,
MTERESELLTRY, BFHEARBROBRYET
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54 54 54
? Co Ka
Co Ka
Fe KB L2 Lo k2 52 52
‘\} ’ B
50 .
. Ni Ka
Ni Ka L 4s Lag 48
Las . l46 a6
Cu Ka Cu Ka
La4 Laa
44 W La
W Le
Zn Ke L4z Zn Ka % 42 42
800 500 300 200 1060 800 560 300 200 500 00 200
Intensity Sample  JG-1 (a) 2 © Intfensity Sample JG-! (b) 2 0 Infensity Sample JG-1 (c) 20
54 54 54
Co Ka o K
a
Co Ka Fe K@ Fe K8
Fe K@ Lso 52 52
Lso 50 k50
Ni Ka
Ni Ka
Lag |48 48
Las 46 46
Cu Ke Cu Ka
Laa L44 [-44
W La
W Lae
Zn K
Zn Ke Laz Zn Ka Lz 7R La2
L 1 1 il 1 1 1
800 500 700 200 000 800 500 200 200 600 400 200
Infensity Sample JB-1 (a) 2 ©  Intensity Sample  JB~=I (b) 2 © Infensity Sample JB-I (c) 20

B2 SV ITRTVI—AL MRAREHREEPLOIVI IR -V g VERTESES v — b
Scanned chart indicating contamination of tungsten and cobalt in JG—1 and JB-1 samples.

Tube Rh 50 kV 35 mA
Sample  JG-1 JB-1
Holder Cu

Crystal LiF

Detector  SC

Slit Fine

26°  38-55

Gain  1.00

Scan Speed 2°/min
Time Const. 1

Chart Speed 20 mm/min
Range (FS) 2K
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Zlbholk.

WoRIRIC & BB ER UGN OFERAONCXBANT 8 14 (BHHEK - REFE—)

bBEEVIAT Y, aANVIOREATH L M E o
7z, LRICODBEPBERD AV EIRZ—V 3 VERT

BT AT VORBAREER LTS JG-1 (b)iz>
WCIEHI0. 18%, JB-1(b)iz>\WTidf0.03% T - 7z,
Bz JG-1 1% JB-1 it L T A BIRA L TW5S.

Co Ka

Fe KB

54
Co Ka
50 Fe KB

50
48
46
Cu Ka
44
W le

NIZIG-1 CEEOBWARSLLEER TS D L
Bbhs.

M WRRARBTCANS F VY TAT v = b
M L BB A RROBY AT FRiC oW RS £ THE
BLARWTHRES 21T - T RS S SR NEE,
AEOEEMEELET S L, FHCEEL TN LB

r54

52

j
J

600 400 200

Cu Ka
W la
Zn Ka 42 Zn Ke 42
L I L L F41 41
1000 600 400 200
Intensity Sample JG-I 2 ©  Intensity Sample JG-! 20
A M REFH M

#HIN BRAEPBREBROBASMEBZHIRLEFOIVF I X —v 3 vOBKRKERT

Enlargement of contamination by reversed setting of mixing vessel in a blender mill.

FAR BERSOBCEIZTRXBRMEDEIIE
Reproducibility of characteristic X-ray intensities for 10 major elements measured on

5 pellets for each of A-, B- and C-type samples. Values are shown as standard deviation
ratio of X-ray intensity to average X-ray intensity.

= 8 4 JG-1 JB-1 0G-1 OB-1
HLE

;%\Qéﬁ A B c A o A c A c
LR

Fe,O, 0.0129 | 0.0093 | 0.0055| 0.0122| 0.0006| 0.0055| 0.0038| 0.0022| 0.0025
MnO 0.0133| 0.0153| 0.0053| 0.0181| 0.0051 | 0.0049| 0.0089 | 0.0035| 0.0032
TiO, 0.0169 | 0.0159 | 0.0061 | 0.0122| 0.0021 | 0.0057 | 0.0074 | 0.0035| 0.0018
Ca0 0.0289 | 0.0102| 0.0014| 0.0129| 0.0026| 0.0158 | 0.0028 | 0.0037| 0.0024
K,O 0.0210 | 0.0104| 0.0012| 0.0158| 0.0017 | 0.0183| 0.0056| 0.0095| 0.0047
P,O, 0.0621 | 0.0100 | 0.0023| 0.0558| 0.0063| 0.0980| 0.0111| 0.0222| 0.0075
Si0, 0.0553 | 0.0138| 0.0042 | 0.0891| 0.0036, 0.125 | 0.0052 | 0.0230| 0.0081
ALO, 0.0823 | 0.0062 | 0.0045| 0.1115| 0.0031| 0.1768| 0.0051 | 0.0334| 0.0068
MgO 0.1589 | 0.0189 | 0.0062 | 0.1133| 0.0048| 0.1995| 0.0215| 0.0318| 0.0113
Na,O 0.0871 | 0.0167| 0.0135| 0.1050 | 0.0054 | 0.1911| 0.0069 | 0.0335| 0.0048
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Rbhic. 20kdAFED IG-1iz Li,B,O, ¥ EEN
2T DO THFHESRBORY T FAzHEL
TeHFETHRHER L HEE L, BT FEHEFmcE
ZTHBRES LIRS LB L EIK). 25
AVEIXR—VaviEIZONB IV IAT VENRE
JF5IA1i20.10-0.16% (4 DO 2vy FOEERE) T H 20
XL, HHROBFAITLPEL0.14-0.21%Th o7z,
BHRD a2y FIx—Ya VORI, REETEBRL
TREDavEIZx—vay, ThOoLE2HICB T 5
IG-1 ) iEREhbdavZIx—va v eBERLMD

BOLANERBZEEEBRLTVWS. Lo THRHES
BBRPLDAVEIXR—Va vEPRITRREDITIE,
WRHEAT 2 B8 CIRESABEROTIC AN S A&
DANFTFEOWTIEHBEFMTHERT S Z LIz L.
U EOBRERER» D, BT R OBEESER? D
DAVEIF—Va VOREBEREZEYE5252L, KO
BRHREARBOMEN—EBL TR LTERYAT Hick »
THRERIVEIRX—VavEbLTILEBHL,
Lipoiz.
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Diagrams showing different scattered X-ray intensities of 10 major elements measured
on 5 pellets for each of A-, B- and C-type samples.

Values are shown as relative deviation from average X-ray intensity.
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