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Problems related to programme design for an automated
electron microprobe analysis

Yosuke Kawacar and Kimio OkUuMURA
Abstract

The computer controlled electron microprobe has major advantages of speed, accuracy
and easy operation. However, efficient utilisation depends very much on how the whole proce-
dure is designed as some users in geological-mineralogical fields are not computer-oriented.
Easiness in operation is essential to make it more accessible for students of these fields. A program-
me, which can be operated without any previous knowledge of computer programming, and is
self-explanatory once it is started, is appended. The programme is written in JECASS-X, i.e.,
modified FOCAL, which in itself is one of the easiest conversational languages and, therefore, can
be modified readily if there be a need.

The basic points of the programme design are described and discussed. They include the
following:

The peak search by driving the spectrometers is done for both standards and unknowns for all
elements to be analysed. It is carried out by traversing either side of the peak position located
during the previous search except for the first measurements of the standards for which it is
done on predetermined positions given at the onset of the analyses. For the standards, coarse
scanning locates the peak and fine scanning is used to accurately set the spectrometers. For the
unknowns, only fine scanning is normally used. The error in X-ray intensities due to focusing
error of specimen is almost cancelled out by the peak search. Moving average method to locate
the true peak top has not been used on the basis that the spectrometer can be accurately set
without it and that the method takes too much time.

The peak search can be cancelled when interference due to overlapping peaks is expected and
is automatically cancelled when the X-ray intensity is low and approaching noise level. In these
cases the spectrometer is set to the peak position located in the previous peak search.

There is no restriction, other than the ones inherited from the construction of the probe, on the
order of elements in an analysis and on the combination of spectrometer and element to be
analysed. The maximum number of elements to be analysed is 15 which is enough for most pur-
pose, and from which any combination of elements can be chosen without complicated proce-
dure. Positions of peaks can be set easily in a self-explanatory menner and the only new data
required on changing crystals are those of the new peak positions. .

While peaks are being measured, any unused spectrometer can be used to check whether the
beam is hitting the right spot.

Any measurements are automatically repeated with warning comment if the computer detects
unusual fluctuation of counting rate.

Measurement of standards and unknowns can be repeated at any time.

Drift correction is based on Faraday cage readings on the digital micromicroammeter taken
immediately before the X-ray intensity measurement.

Partial analyses are possible for feldspars, pyroxenes and olivines. Data for carbonates and
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minerals with excess oxygen are corrected with appropriate a factors if it is manually designated
so at the appropriate place. When additional data input such as the one just mentioned are
required, a bell rings to draw the attention of the operator.

Some important ratios used in geological-mineralogical studies are calculated and printed in
addition to the analytical result and cation proportions.

Standard analyses, which are done only once at the beginning, of usual nine elements
take about 45 minutes and each unknown about 15 minutes including print-out time.
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FRETRICIMOFERAED DI ELT~REL TR
RiZHnsT, L Z0X 5 LFHBECELTEDbR
BBEE NS TAVORRICRY B, 00X ) RERR
EEEUILEINEL RS, e z@b5F v v FAR
B LCHERARTREC R > 72\, BoTeF ¥ VRV
DHEFE>THNEO>STF ez LidfExic L TE T
5. HBVITETRERTRE T o IEE, KBlRFIES
LB RBER TW A E— 7 iBEEFE LN &8
2. DEDOWFRIZS HREFBETE S L 5&EH&h
BUERDHD.

BEOHMCOOTHRAIDINAETHZ &

EFA(Ca, Na, 38X U K), R (Mg, Fe, 8L Ca)
BIXUO»ABAEMg & Fe) 1%, ZhZhd->ZRIC
RLUETEROWAZHCIREALEDEERKSRB L
BTES (PRER BE; BiE 1975). Moottty
Y URNMRSobE, 1 BOSRREE CHENIKT
THEDTREMEIVEEPCENZLEZVWS £ T A&
V. ZhOEHTFO S Al ORI, (LEYRIL LS
R - THRsh, MECRETHELBESH
55,

ST LOBNENE, BERAT—5EOHsAHE
TEIRODI<FTE &, D, EHFEFRH BN
ETERTEREOTUVE « 7T FBBREMNB/NMNRDD
DTHB &,

ML RBRETF—% (Fx IV EeTHROMRE
&, KEOY—7 MBS LSOTF -2 iddbbr bz v
Pa—Z—RiEEshTnsZ EBEELN, HALL
T, 4 DRIE D XAERE 72 SIILE LWL Bbh 3.

EHORTERCONVTOBERFT—sETRELTNHE
&

AR o<, BEiEs (1974) 2 xhid, REREH
EPERDETEFRTNTS, FHBERHCL - TH
bR BRAXBBEREDOREICEY. IbE—J7H8 L
CEELTAT —UHBENI L ThEXnZ &B3mbh T
Wa 27— VEREE LRNWZ LB LY, 20HELD
TROFBEAT—F¢EREED LB TES. GO
Fu s T ATRISTERE CTEEBICRIEI 2L T
3. LLIDLIERLW I b HTARPZBBER
B, 60 LHF -4k EEE S w ST A (overlay
programme) & LTHELTRITE, FLva/470 X 5

11) Si, Al, Ti, Fe, Mn, Mg, Ga, Na, K, Cr, Ni, V, Sr, Ba 31
VP D155

12) HEOFw ST ATR P #8522 T Zn 2HIET & Soverlay
PREMBESR T 5.

RIEROANEE T LR AN ZRET 5™,

FEBE LARZBILRB LR TS EOE®S» 572
BEMIRELAEEELEACOT, DRREeHiE+
SCTHBLEHbNS. Bence & Ausee (1968) iz X 548
EEz2 5. EPMA SiFOBRRIE, e LA efEDH D
RTWRWITHERSH S 2 L (Y H LA 40° » EPMA i
HMLTiE, £& LTEFERIYUEDSTRRICOVTD
afERE B TWiaW), Y e RERE o AF S EEE e
WILAREETHE L EcdbdLnis.

AEICERBUSODF+ Y RIVEE=ZF—LUTERT
x52&

RIS DB EDFTCEMOERE ST R Y, BL
TETE-APREROEYICSTco TV ENREI 25
BbolnWZ LI LIEDHSE. ZOBR, Hb5F ¥V *F
NEZOHA A TRELRVWZ LI LT, BEHIOREE
FA T NVOSHBMBICRE L TRBIHNE (#licz 57 n
77 ALEWRY, -7 fiETOPRBIL>SVT BG
FRIETADT, Ebl\WF v Y RANVDOGHBEIRED
BGHIEMBICEE > TVWAEETH D), iOHA 7 1T
DOXGIREE L OHBRIZ X » T, BT E—ABFA—0§Y
Lehrr o=y —FTE5DREND. b LEF
E— AR o TWARWTZ L83 Lic & &1, (LEE
EEOEERITLTIET L, DD THF LE
+, (2% i (JECASS-5 A 04 CONTROL/C
THETESB) L, 7w/ 7 h08YRLEIAHLEH
BATT %2, Ei3)kizEL 4 homogeneity index # F
WiERIED HEIK ¥ 22 LEGA LTZORIEL E4b
L, ELWAHAEERTHETINEL V2 2THO
SODFERELLNS.

BRPoXRHE, BESHNESSICKOEEXRREDS
BonhiciEs, AENBEENCCOMAINE L

Bovp (1969)iz X +uiX, homogeneity index (¢/+/N. 7z
ELo EEREE NI vr i) »30koL
BEOEFEMIRHBELEZbND VS . Bovoid b &
E—DODFRIF O AP ERE L, £ OFICXARERE
DEBDER DL EIPEYET B i Z 0 E
Anic., &288RiF o R R0 ERE L TEST
BREEE CHRTHBRY, £ 0 EPMA EESITIX
IDHERLE->TW5L5Ths) T BOgiupist
BEPBLN DD, ZOHWRIERNCHEE T 5
B, H¥A 7 VBB BAATMBOBRESE L L
WHADEARBRONBETHS, — Ry X B FE#E
&, BESREESORBERE L TVWEDT, BA25M
R OREDEHH bR B EFHERRWEEZ R
T, BLABRLV-TIVWTHS 5. BRICK
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BWERBREF AR (5295 & 9 %)

Ehic o R 5 R0 2 HE VEST 5 5%k, B
ERBERCIIEEIT NI X D RERST LV oS
BEVEERHBZ LIEEBEDRV.
ayvta—F—arhre—LOBESLRBEENST
BFU— 12— ARBEHTIEN TS 22, SR
AR O MR OB L, SERIEE OB O FERHALE
nEL, BREV VX ORBRREBORMINES), RERE
DESGEEORBNESSOERICL-T, BFE—
5 OB E SRR LS T 5. e/
ZOEBEE, EREICHERFER S TWSEERT, E

UL B S Bb 2 BIE T 5 54 BRI/ & WP 2 n
H5HiIFTHBE. Wi dl, REEERE LSS
CXoTHBLNEGFEL WX ED, FEMICS 5 /M
BOMBOEHETHD LEZDNS.

7B, SABUELEE L, KEFE ETERIEH
BIRPPBFEILL BT, ZZICRRTWBFETI
FEHMBMETE -V BLEIT O Icd, ik > TR
BREERICL Y, FEOXERENELLRZVIEDN
1HD53%. Ll, LROBFE—LMESDTR
BBENCL > T, E—APBScR—&% B Lo
BBz -oTHIORE LWHEENS 7 2 L b
5.

B\ homogeneity index 13, a v/ Ea—F—a kn
—VEOBRE, - a3 ERT CEBEWE Sh
T, o2 MRORE ZHEM Loy, BFE—
ABEOEROEE N -2V, XKD BRI
B I3EENbo) Lics, MErOREOFHLS
HHEDHIDTHS. ZhibsELVEWE VMR
VPR ENBLERD 3.

BEXMOBAESHBCTOhES &

FY 7 b o8z oz 1 ) EERBBERE O BHEX
LELEAETS 3. TE 3R EERBFREOEEH
el T AEEZBNTWSZ LA E LuY®,

Z 0Dt

PIEFARR O SHBREMBOF L V IZARBRICR
RENTWBAI=HN e BTV F—ITL BN, TFD
R X < v, EROOMERRE Y OB E ©fT
b (JXA-5 A CRB/NIHBBEAT v 7 1350m).
JECASS-5 ATIZZ O e 0 BAEME S um BT AN

13) JXA-5A DEHHA S pm Ll vbh T3,

14) ZhicH LT, FEEERBEBEE—5 —ick v REe/h
HEATHATBESEhT X v,

15) 4D 7w 75 5Tk homogene ity index 233l EDL %,
ZORIAV M EITHHT LA, MEXESNICRRESh 3.

16) fROF w75 TR, —BYBERBONEEKRLILLID L
FERARBORENERT O b LIz, BEABOFAESAEL
BoTwva.

BXOEDBNTVWS, ZheFwrlFabrb=pn
cHYVE— LRI mmBEOANTIVWI LIZTSZ
LIk, BHAHLEY, HDIVEFANDOEBOREDZEL
KR FTBZELNTES,

WERH CFBANRLERGEET V28 Y JEE
DEBEEIRPTESCTB LIV,

EKGEY, =MOSRICE tedily, RIBESE ¥ iz o v
T, RPCHRETHZ XV EREIRD afix FHnic
WMERTRbIE T EMNEE LW,

HEROARRIEEIEF v v AV LTI IR
ETEBRZLREE LW

Mg:Fe, Mg:Fe:Ca, Na:Ca:K &, BRFMWHEZKETL
FUTAvsha W opnlhy, BESERRECO X
DS EHEITHY - LIMERITH S,

TIZETI, T4 VHNVERUNERF L ZhicBEL
TeAVE—T 22— R EFRNHDOLLTwRLETER. Th
LARVWEEER, FU 7 MEERThbhRWDT, HIE
FEFE-2OEREENPRNWZ LBSHIcY e > TUEA
DEMTHB.

T4 CENVBNERE ERBOA Y -T2 - 2B X
UBEREHAZ S L — F EOEELBWIR (775
F— =) ERNT, B F) 7 MEERITS 2
EWTES. MLERNEOERMCET Y~ L2775 7
= r=VHIRETS L, AR LEBETFRIELAEH
ZONTHRINER L LTRRENS. MOKE¥E—2
LEXBGRAE RN ERCERFTBDT, FU 7 18
HoTh, KA X - TEAERERIE OB O BB WE
i2b &3 X0 Ko IcE#ML, ThbLFY 7 M
EXfTbh 5.

Z 20 K @3RS u 3 L OEERE wsH D TRA
DXBREORE SN IME, CRIULIHELERBF O
ADRERB IV AE, FiiEERER X uskmREico
WTXBREIEEFICE 2 bR RABROETH 5.

2R, RERFHIEFOEY A 7 vEIH bR
RIEFEEZ AT, WEFORY 7 MEEZ BB LE
BEMxie, XVEERBEERIREShTVS (BF
B, AV TA VERSS w7 T AFHAE CCS-APL-
QNA-12K-DCU-A) 23, EH kR ERORT+o &
Ez2b6h5. EERR, METXABRERDE VAN
FFIRINERPBMICET 1 2 REBES S DO RBE,
FBdR EOBE, WEFOWRNEREC X 5HIEEE
AhERE P2 o THREEBEL TP H 5.

F 4 CENNEREE, A -2 —REORD, F=
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EPMAC L2 EBAWESLicEE L EME (MAREHE - BNA5)

v B LEZ VBB LTWER, ZhEfEREFIic
RINERERET 3 L EREEEr 2o TLES. &
NEEB LSRR ADT, Z0OLEZEFNCE
V7 7 55—« r—VEFFER L SIS v ST AT
5L, ' :
PEDEEEETERY AR v 75 hD—FlE 6
LLUTRT. EEO w7 2ETIRE o fE, Bths
T8, B4V BAFVEEomESLERE, =
Fur 5 AOMELRBIE IV Ea—F—RAHLTE
KBRS B, wIELRL, BEBIUES ST A
E—7eAAD LI BbEELRWRY 20 o —F — 25
BashTws, BESWICS > TRD LD TAHD
HEEZ ARV, BREARILTLHE 9 BRR 20O TR
G BITEE SN TV B R, BERHTIEREE,
HBELVITERT -7 LTRECHER S 5.
NFEOF w75 22 BRETHICYY, BEAEF KK
DRHAFZ (L) L EDEROHET» 6B & B0
REP o, EREFTKEPRERKR A ¥ TRERIC
BREIhIE T « T4 VARMES w75 A (FORTRAN
TEPRLTNS) 2RWKSEI Lz, Y EDEKRIE
RBET 5.

X ®

Bence, A. E. & Ausee, A. L. (1968) Empirical
correction factors for the electron micro-
analysis of silicates and oxides. Jour. Geol.,
vol. 76, p. 382-403.

Bovp, F. R. (1969) Electron-probe study of
diopside inclusions from kimberlite. Am.
Jour. Sci., vol. 267-A, p. 50-69.

CHopos, A. A. & Aiseg, A. L. (1972) Automated

microprobe analysis and applications to

analysis of exotic lunar phases. Proc. 6th
Int. Conf. X-ray Optics and Microanalysis.
p. 779-784.

PIPBEME « BAAE (1972) v T4 VHBIL e
v brru—FI X AHEREDCERES
. Magma. no. 31, p. 2-6.

BANAE - EER (1976) 58) EPMA X 53
BRSO BRSO, GMFHERE, vol. 12,
¥35, TEPMA iz X 380 bSHRic
B % EmEAOBrsEl, po 116-124.

PR (1974) XiR<A 2

RTFIAF LD A BEOEERS.

XS OMEHRRVI, p. 45-53.

(1976) S == ¢
2= F— R EBXB AT 0T FTAF—
DFvIAvavirie—n, WE=2—X,
no. 265, p. 1-11.

RegD, S. J. B. & Warg, N. G. (1975) Quantitative

electron microprobe analysis of silicates

— e

using energy-dispersive X-ray spectrom-
etry, Jour. Petrol., vol. 16, p. 499-519.
HRTE (1971) B0 . E#ERE, 280 p.
IR « SEBF2EE (1973) XiR~A 2 w75 T4
F—(UXA5A) OERBECETS 2,
3 os. FKEFHRE, no. 42, p. 9-23.
P AR - 3850 B - REAREREE (1972) X~ A2
w7 FIAF—. BRITEHML, 243 p.
Bl (1975) EWEEGYH O EPMA R#ESE
—PAbAR, BE, RELOSVWT—, &
@5, vol. 70, p. 141-156.

(=44 : 1977427 B18H; ¥ : 197843 AI5H)
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WMEAEF AR E29% 59 5)

18 1 Y Bag EPMA 4477 v 7 5 4 (Programme listing)-
C JECASS-X- 5A

@1.05 T !!"SEMI-AUTOMATED QUANTITATIVE ANALYSIS ~ VERSION 11",!
@1.10 T "(BENCE & ALBEE CORRECTION), PROGRAMMED BY Y.KAWACHI,1977"
81.29 L BOF(»5;D 13

21.30 D 143G 1.6

B1.35 T !"=-~-mmmmmmmem e 135S RP=0;D 155G 1.5

@1.40 T "155 RP=15D 15

@1.52 D 165D 175D 203D 215D 24

@1.68 T !!"STD(=@8) OR UNK(=1) NEXT?"3D 2.951 ¢Q93)1.7,1.7,1.35
@1.70 D 14.155S 0@=85A !"[STD] RUN"R," CH"K;T %2.," EL:"J((R-1)%3+K)
@1.75 S R=R-15D 14.25D 14.2535T !;D 2.2;S I=K;D 14.75D 14.9

1.8 S 01<C1)=@85G 1.6

81.90 L BONCT)

2.1 L RBLCO)

22.20 T ! CHECK BEAM, THEN SE&ET BSD AT EXT. READY?";D 2.9

22.30 T !" BRING FARADAY CAGE";D 2.75D 2.45D 2.45;R

P2.49 D 195D 2.413L BOF()3T ' CURRENT",Z%6.01.MS/52

P2.41 S MS=B3F N=1,58;L DMA();3;S MS=MS+MA

B2.45 1 (MAJ2.3,2.3,7.5

B2.5¢ T !"™ BRING STD/UNK";D 2.7;D 9

@2.60 T !" PK SEARCH(SI ONLY=3,DUAL=2,SINGLE=1,N0=0)>?";D 2.15A Q5
@2.7% T " UNDER CROSS HAIR. READY?";D 2.9

22.90 D 2.15A Q3

23.25 C HI
@319 I C(01CI))7.5s7551 (HICI)-3)7.5,7.555 HI=I1

@4.85 C ITER
4.1 F I=1,35D 25
24.29 L SSP(IP(1),IP(2),IP(3))5L MSR(ST)Y;F 1I=1,3;D 8

25.05 C PK
@5.18 I (1-08)5.6,5.655 ST=1083S IV(K)>=2835S SR=30:D 1.9
95.25 F I=1,33S X4CI>=@3S 04CI)=EP (0Ll (I))
95.3¢0 F N=-SR/2,SR/2;3D 4
B5.42 L SSP(SM(1),SM(2),8M(3))
95.52 S IV(K)=5;S SR=183S ST=203D 5.93R
05.68 D 1.951 (Q5-1)7+5,5.8,5.65
25.65 I (Q5-2>5.7,5.751 ¢01¢1)-157:5,5.8,7.5
25.70 S ST=123S SR=30;F 1=1,3;5 IV(I)=20Q
25.75 D 5.95S SR=18;D 5.953;D 5.9;R
95.80 S SR=2@3D 5.95;D 5.9;R

. @5.90 D 5.253D 5.3;D 5.4
25.95 S ST=2@;F I=1,355 IV(I)=5
26.95 C DT
26.38 S XR(II=XR (I)*18/MT /(1 -DT(I)*XR(1)/MT/103208)
06.48 S XS (I)=XS(I)+XRC(I)
87.85 C MEAS
@7.18 S MM=83S HI=@;F I=1,3;S XS(I)=83;S SG(I)=3;S HICI)=2
@7.280 F N=1,NM;L DMA()3;S M=MA3S MM=MM+M;L MSR(MT)>;D 7.95
@7.25 S MM=MM/NM;F I=1,33S XS(I)=XSC(I)/NM;D 7.85
@7.30 I (NM-1)7.45,7.453F 1=1,33D 7.75
97.35 F I=1,3;D 3
@7 .42 I (HID7.45,7.45,7.6
@7.45 T !'3F I=1,35D 7.55
97.52 R
B7.55 I (0lCID)7.5,7.55T " AV. "27.02,XS¢I_
97.68 T !!"--HOMOGENEITY INDEX > 3. MEAS REPEATED--"13G 7.1
97.72 S SGCI>=FSQAT(SGC(ID/(NM~1)3)>35S HICI)=SGC(I)/FSQT(XS(I))
B7.75 1 (01CI))75,7+55D 7.7
B7.82 S SGCII=SECI)+(XX(NDI-XS(I))12
B7.85 I (01CI))7.5,7535F N=(I-1)4NM+1, (I-1)4NM+NM;D 7.8
87.92 1 (01CI))7.5,7-55D 655 XX(N+NMk(I-1))>=XR(I)
87.95 F I=1,33D 7.9
28.25 C MAX
98.18 I (01CI))>844,8.451 (XRC(ID-XM(I))7.5,7.555 XM(I)=XR(I)
28.15 S SM(I)=IPCI)
98.28 I (XM(I>-3%ST)8.3,8.3:;5 EP(OL (I))=SMCI);R
08.30 S SM(IY=EP (D1 (I));R
28.48 S SM(I>=SP(I)
29.25 C PB
29.18 T '13S K=I;F I=1,3;D 9.8
89.20 D 535 MT=TP;S NM=NP;D 73T !5F I=1,3;S PICI)=XSCI);D 9.7
$9.30 S MT=TB3;S NM=NB;F I=1,3;S BP(I)=0
89.40 S PC=MM;F I11=1,2;D 18
29.53 L BOFO;3F I=1,35S PICI)=P1(I)-(BC(I)+B(I+3))/2
29.680 D 11;3R
B9.70 1 (01CI»)7.5,7.5;T " PX "6, EP(01 (1))
09.80 I (O01CIX)7.5,7+55T " EL",%2,01¢I>," (CH",%l,1,") "



EPMAC k3 FEESWESILCEE L icEE GTRERE - BHAB)
81

19.85
1610
13.15
12.28
10.30
19.35
10.40
10.70
12.808

11.085
11.10
11.20
11.30
11.40
11.45
11.50

12.10
12.15
12.20
12.25
12.30
12.80
12.90

13.085
13.15
13.28
13.25
13.30
13.40
13.50
13.60
13.70
13.80
13.90
13.95

14.05
14.10
14415
14.28
14.25
14.30
14.35
14.40
14.45
14.70
14.80
14.90

15.95
15.18
15.15
15.20
15.30
15.40
15.45
15.50
15.60

16.05
16.10
16.15
16.29
16.25
16.30
16.35
16.45
16.50
16.55
16.56
16.60
16.65
16.70
16.80
16.85
16.90
16.95

C
I
G
T
L
F
R
I
I

C
I
R
I
S
S
F

DD w0

e R R R Rl R R, W NenNEP3wD 390

Qg omnE-aa

nnunaoanuaunOrEFRrLnntnOa

D3 E
BG
(I11-1>7.5,10.25T " BG 2";F I=1,3;D 12.8
1.3
1" BG 1"3F I=1,35D 10.7
DSP @BP(1),BP((2),BP(3));D 7
I1=1,355 BCI+34(II-1))=XSCI)

(01CI)»)7 +557.555 BP(I>=-PBC0lCI)>
(01CI)X7:5,7+555 BP(I)=24PB(01CI))

MAP
C0B)7+5,11.55F I=1,35D 11.3

(01 CIX>7+5,7.558 UICOLCID)=PICI)SD l1.43R
UCOL ¢I»)=PCsS UC=UC+151 (UC-1>11.45,11.455R
UC(1)>=UCC01 CI)ISR

I=1,351 (01CI)>7+45,7+.558 SICOLCIY)=PICI)

N=13T !"PK POSITIONS(TYPE @ FOR EL NO. IF THAT CH NOT USED)>"
e (RUN"Z1 sR," D" (R-1)12.2,12.2,12.25

" CH EL NO. PK POSITION"

I=1,35T !',7%1,1:D 12.9

R=R+15I (NR-R)>7.5,12.15,12.15

" "EP(J(N-1)3)35S EP(JIN=1))=EP(J(N-1))>x1002

" "JIN);S N=N+1351 (JN-1))7.5,7.55D 12.8

INIT IAL

TIYEL NO"!SF N=1,155T %22,N3S JN)>=0

t"* SI1 AL TI FE MN MG CA NA K CR NI V SR CO ZN"
11"PARTIAL ANAL (OL=-1,PX=1,FELD=2,FULL=@2)?",Ql
(@1513¢7513+4,13.9

'"HIGHEST EL NO. TO BE ANALYSED"Z2;A NE

!"NO. OF RUNS"NR;S R=1;D 1l2;D 30

ISP (SP (1),5P(2),SP(3));R

NE=635G 13.5

NE=95G 13.5

(@1-1>13.95,13.95,13.8

NE=735G 13.5

STD

00=0;S R=0;F K=1,1535 SI(K)=1

NP=33F I=1,355 01CI)>=0

R=R+1;F I=1,3;D 26

SSP (MP (1),MP(2),MP (3))

135D 2.255 1=15D 14.75D 14.935S 01(1)>=0
I=2;D 14.75D 14.955 01(2)>=0

1=35D 14.75D 14.935S 01<¢3)=0
(R-NR)14.23R

01 CID=JC(R-1)43+1)

T1L,U"STD"%2,01¢1)5D 24355 SF(01(I)»>=MS/533D 2.5
(01(I>>7.5,7+55D 14.8

UNK

T1"UNK NO."35D 2.95S 08=135S R=13S UC=0

N=1,1558 UIKN>=@:S US(N)=1

NP =3

I=1,35D 14.75D 26

l4.2551 (1-RP)>15.45,15.455D 2.25D 2.3;S UF=MS/5@
2.65D 2.5

R=R+135I (R-NR)15.6,15.63R

15.35D 14.255D 935G 5.5

K

J=@3S KS=@;F N=1,153S C(N>=2

J=d+13S K(J)=UICJII*CB (JI*SF(JX*UC(12/S1¢J)/UF/UCJD
C(JX=K(J)I5S KS=KS+K(J)351 (K(J))16.25,16.25,16.3
K(J)=.0000021

(J-NE>16.155F J=NE+1,155D 16.25

(Q1)>16+5,7.5516445

(Q1-2)16.6,16.8,16.8

oL

CClH)=(C(6I/AW (B +C(a) /AW (L) X %AW L1 ) /2

16.7

PX

CCl)H)=(C6)I/AW (6 )+C (4) /AW LI +C (T O/AW (T I IXAW L)
K(15>=C(1);S KS=KS+K(1);R

FELD
CCl)=(24C(7IX/AW (T ) +64C (BI/AW(B)I+64C(9)/AW(9)d)*AW (L)
C2)=(C(7TI/AWCT)I+C (&) /AW CEI+C (D) /AW (D)3 xAW (2D
KC(1)=C(l)>;S K(2)=C(2)35 KS=KS+K(1)+K(2)
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1

17.85
17.10
17.29
17.30
17.42
17.50
17.60
17.78
17.80

18.10
18.20

19.10
19.20
19.30
19.40

20.05
20.10
20.20
20.39
20.49
20.50
20.60
20.70

21.85
21.1@
21.15
21.20
21.22
21.25
21.30
21.35
21.40
21.45
21.50
21.55
21.60
21.70
21.75
21.85
21.90
21.95

23.10
23.20
23.30
23.40

24.05
24.18
24.29
24.30
24.40
24.50

C
1
S
T
S
I
S
S
S

F

WERERNA®R (H29% 59 %)
o3&

BA

@1>17.2,17.3,17.2

Q4=@5T 135G 17.4

11"EX 0XG(=1),NON-EX OXG(=@) OR CARBONATE(=-1)"3D 2.1;A Q4
TT=KS;F K=1,4;D 18

(2-Q1>17.6517.651 (Q1517.7,17.8,17.7

CS=TT-C(1)>-C(2)3R

C5=TT-Ccl1)3R

CS=TT

J=1,NEsD 19

S TT=0;F J=1,NE;S C(J)=CT(J)*K(J)3S TT=TT+C(J)

nun-n

HOUrRrHESYNegaaaa9g3na3aQ HNOOOw S0

=30

C
T
T
S
T
S

2.60 T

24.70
24.80
24.90
24.95

S
T
S
T

25.05 C

25.10
25.20

26495
26.10
26.20
26.30
26.40

32.10
30.20

CT (J)=@;F N=1,NE;S CT(J)=CT (JI)+C(NI*A(N+2I*x(J-1))
(Q4)19.3,19.43S8 CT(JI)=CT(JI+0A(JI*(1-TT);R

CT (J)=CT (JX)+CA(JI* (1 ~-TT)I5R

CT (J)=CT (JD/TT

CAT

t"NO. OF OXG(ANHYDR)"3D 2.13A OT;F J=1,1535 MF(J)>=0
(2-Q1520.3,20.331 (Q1)>28.4,20.6,20-5

16.855D 16.955 CS=CS+C(1)+C(2>5G 20.6

16.5535 CS=CS+C (135G 28.6

16.6535 CS=CS+C (1)

T1=03S T2=03F J=1,NE;S TI=T1+0XJ)*C (J)/7AWJ)
J=1,NE3;S MF(J)=0T*MX(J)*C(JI/ (AWCJII*T1)I3S T2=T2+MF (J)

TAB

11" 0XIDE K FACTOR WT 7% CATION'"!
J=@51 (Q1)21.9,21.2,21.75

"SI02 ;D 23

"AL203";D 23

"TI102 ";D 23

"FEOx ";D 23

"MNO "3;D 23

“"MGO ";D 23

"CAO0 "D 23

"NA20 ;D 23T "K20 "D 23

(NE-9321.95,21.95

"CR203";D 23;T "NIO 3D 233T "v205 ;D 233T "SRO ";D 23
"C0O0 ™";D 23T "ZNO ";D 235G 21.95

(Qt-1>21.2,21.85:D 21.23D 21.2253S J=6;D 21.455D 21.53G 21.95
21.95D 21.455G 21.95

21.23S5 J=3;5D 21.35S J=55D 21.4

"TOTAL "LKS," ",CS%188,T2, !

J=J+1351 (Q1)>23.3,23.2,23.3
(51¢J>-1)23.4,23.4

%804, "L,K(JYISC(II/K(I) - C(II*100,MF (J)s15R

1

RAT 10

%25.823S OL=MF(4)+MF(6))/103351 (0L-.2881)>24.3,24.3
I"MG:FE "L,MF(6)/0LL," ¢ MLMF(4)/0L

PX=0L+MF(7)/18851 (PX-.2001)24.5,24.5
I"MG:FE:CA "LMF(6)/PX," t "LMF(4)/PX," 1 ",MF(7)/PX
PL=(MMF(7)+MF(8)+MF(9)>/1@8851 (PL-.00801324.7,24.7

1"CA:NATK ",LMF(7>/PL," ¢ ",MF(8)/PL," : ",MF(9)/PL

AF=0L+MF(2)/18051 (AF-.0@01)524.9,24.9

I"AL:FE:MG "LMF(2)/AF," ¢ "LMF(4)/AF," ¢ V,MF(6)/AF
CF=(MF@)+MF(4)+MF(7))>/180851 (CF-.8081)7+5,7+5
I"AL: FE:CA ",MF(2)/CF," : ",MFC4)>/CF," : ",MF(7)/CF

ITER SUB )
(01(¢1725.2,25.25S IP(1)=04CL)+N4IV (I)5R
IP(I)=SP(I)35S SMCI)=SP(I)

MONIT

(JCR-1)>%3+1))26.2,26.235 MPCI)=EP(J((R-1)>%3+I))3R
(NR=1)26.3,26.351 (R-1)26.3,26.3,26.4

MP (I)=SP(I);R

(JC(R=-2)%3+1))26.3,26433S MP(I)=SP(I)-PB(JC(R-2)43+1))

!"PRESENT SPECTR POSITION"!
I=1,35T " CH("%1,1I,")>";A SPC(I1);S SP(I)=SP(1)*1000
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HEREF AR (E29% B9 F)

x4 Z% v x  (List of variables)

GROUP 1 LINES

RP Faraday cage measurement to be done (=0) or not to be done (=1).

Q3 Standard (=0) or unknown (=1) to be analysed next.

06 Standard (=0) or unknown (=1).

R Run no.

1 Channel no.

J ((R — 1)*3 + I) Element no. to be analysed at channel I on Rth run.

I Channel no.

01(I) Measurement to be done on element no. J or not to be done (=0) on channel I.

RT Rising time of beam.
GROUP 2 LINES

MA Probe or absorbed current.

Q2 Peak search to be done (=1) or not to be done (=0).

Q3 Dummy question to halt programme execution.
GROUP 3 LINES

HI(I) Homogeneity index of X-ray intensity on channel I.

HI Discriminator if homogeneity index to be greater than 3 (=1) or less (=0).
GROUP 4 LINES

IP(I) Spectrometer position to be set on channel 1.

ST Individual sampling time of peak search.

04(I) Peak position on channel I.

N Counter for number of steps in peak search.

SP(I) Spectrometer current position on channel I.

SM(I) Peak position found by peak search on channel I.
GROUP 5 LINES

JJ Channel no.
IV(I) Step interval in peak search on channel I.
SR Step range (number of steps) in peak search.

XM(I) Maximum X-ray intensity found by peak search on channel I.
EP(J) Preset peak position of element J on channel I.
GROUP 6 LINES
XR(I) X-ray intensity on channel I.
MT  Measurement time (in 0.1 sec. unit).
DT(I) Dead time (in sec.) for channel 1.
XS(I) Sum of X-ray intensity up to NM on channel I.
GROUP 7 LINES
SG(I) Standard deviation of X-ray intensity on channel I.
NM  Number of measurements
XX(N) X-ray intensity data row which is arranged in the order of channels and in the chronological order
in each channel.

N Counter for X-ray intensity data row XX(N).
GROUP 9 LINES

TP Measurement time at peak.

NP Number of measurements at peak.

PI(I) Peak X-ray intensity on channel I.

TB Measurement time at background.

NB Number of measurements at background.

BP(I) Peak to background distance on channel I.
11 Counter for the one side or the other of the peak for background measurements.
B(I)  Background intensity on channel I.
GROUP 10 LINES
PB(J) Peak to background distance on channel I.
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EPMAR X Z2RENWHBILICBEE L #EME GTRESE - BNAE)
GROUP 11 LINES

UI(J) X-ray intensity of element J in unknown on channel I after dead time and background corrections.

SI(J) X-ray intensity of element J in standard on channel I after dead time and background corrections.
GROUP 12 LINES

NR Number of runs.
GROUP 13 LINES

Ql Partial (01 = —1, Px = 1, Feld = 2) or full (=0) analysis.

NE Highest number of element to be analysed.
GROUP 14 LINES

K Element no.

SF(J) Probe current measured immediately before X-ray intensity measurement of standard element J.
GROUP 15 LINES

UF Probe current measured immediately before X-ray intensity measurement of unknown.
GROUP 16 LINES

KS Sum of K value.

C(@J)  Concentration of element J.

K({J) K value of element J.

CB(J) C/p of standard J.

AW(J) Molecular weight of oxide of element J.
GROUP 17 LINES

Q4 Excess oxygen (=1), non-excess oxygen (=0) or carbonate (= —1).
TT Tentative sum of oxide concentrations.

K Number of iterative calculations of Bence and Albee correction method.
CS Sum of oxide concentrations.

GROUP 18 LINES

CT(J) Tentative concentration of oxide of element J.
GROUP 19 LINES

A (N + 20%(J — 1)) Alpha factor of element J against oxide N.

OA(J) Excess oxygen alpha factor of element J.

CA(J) CO, alpha factor of element J.
GROUP 20 LINES

oT Number of oxygen (anhydrous basis).

MF(J) Numbers of cations J in the formula.

Tl Sum of atomic proportions of oxygen.

T2 Sum of cations.

MX(J) Number of metal elements in oxide of element J.

OX(J) Numbers of oxygen in oxide of element J.
GROUP 24 LINES

OL (Fe + Mg)/100 in the formula.

PX (Fe.-+ Mg -+ Ca)/100 in the formula.

PL (Ca + Na + K)/100 in the formula.

AF (Fe + Mg + Al)/100 in the formula.

CF (Al + Fe + Ca)/100 in the formula.
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wEREFTASE B%E ¥ IH)

&5 AFEEOF Y v b e 7Y ko —fl (An example of print-out)

*GO

SEMI-AUTOMAT ED QUANT ITATIVE ANALYSIS - VERSION 1!

(BENCE & ALBEE CORRECTION), PROGRAMMED BY Y.KAWACHI,1977

EL NO.
1 2 3 4 5 6 7 8 910

SI AL TI FE MN MG CA NA X CR NI

11 12 13 14 15
V SR CO ZN

PARTIAL ANAL (0OL=-1,PX=1,FELD=2,FULL=0)?:0

HIGHEST EL NO. TO BE ANALYSED:7

NO. OF RUNS:1
PK POSITIONS(TYPE @ FOR EL NO.
(RUN 1)
CH EL NO. PK POSITION

1 :1 175.8
2 7 :197.25
3 :5 :67.43

PRESENT SPECTR POSITION
CH( 1>:126.85 CHC 2>:119.35

IF THAT CH NOT USED) ?::

CHC 3):119.56

CHECK BEAM, THEN SET BSD AT EXT. READY?:1

STD 1

BRING FARADAY CAGE UNDER CROSS HAIR- READY?:1

CURRENT 2340-0
BRING STD/UNK UNDER CROSS HAIR. READY?:1

EL 1 (CH 1)

AV, 3002.92

BG 1

AV. 8.65

BG 2

AV. 6.55
STD 7

BRING FARADAY CAGE UNDER CROSS HAIR. READY?
CURRENT 2340.0
BRING STD/UNK UNDER CROSS HAIR. READY?:1

EL 7 (CH 2)

AV. 121545

BG 1

AV. 3.30

BG 2

AV. 3.60
STD S

BRING FARADAY CAGE UNDER CROSS HAIR. READY?
CURRENT 2328.0
BRING STD/UNK UNDER CROSS HAIR. READY?:1l

EL 5 (CH 3

AV. 3127.84
BG 1
AV. 28.06
BG 2
AV. 23.20
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EPMAR 2R EN WAL BE L CHME (TREE - BNAS)

T#&5 »-3%

STD(=0) OR UNK(=1) NEXT?:0
[STD] RUN:1 CH:3 EL: 5

CHECK BEAM, THEN SET BSD AT EXT. READY?:l

STD 5
BRING FARADAY CAGE UNDER CROSS HAIR. READY?:1l
CURRENT 2318.0

BRING STD/UNK UNDER CROSS HAIR. READY?:1

EL 5 (CH 3

AV. 5450.01

BG 1

AV. 26.20 PB
BG 2

AV. 27.20

STD(=@)>» OR UNK(=1) NEXT?:1

UNK NO.:WOLL
CHECK BEAM, THEN SET BSD AT EXT. READY?:1
BRING FARADAY CAGE UNDER CROSS HAIR. READY?:1l

CURRENT 2300.0 .
PK SEARCH(SI ONLY=3,DUAL=2,SINGLE=1,N0=8)>?:1
BRING STD/UNK UNDER CROSS HAIR. READY?:1 NK
EL 1 (CH 1) EL 7 (CH 2) EL 5 <(CH 3)
AV. 1508.55 AV. 12¢5.33 AV. 13.67
BG 1 B
AV. 9.5¢0 AV. 3.98 AV. 13.10
BG 2
AV. 7.45 AV. 3.65 AV. 13.20.
EX OXG(=1)>NON-EX 0XG(=@) OR CARBONATE(=~1):0 A
NO. OF OXG(ANHYDR):3 '—;( O_AT
OXIDE K FACTOR WT 2% CATION
5102 2.5068 1.8242 51.9872 8.9983
AL203
T102
FEO*
MNO g.0001 1.2061 g.0116 2.0002 TAB
MGO
cA0 B.4434 1.0980  48.6851 1.0032
NA20
K20
TOTAL 2.9583 100.6048 2.0017
MG:FE:CA .00 : .60 : 100.00 19
CA:NA:K  100.00 : 2.00 : 2.00 ATIO
AL:FE:CA .00 : .00 : 100.00

STD(=@)> OR UNK(=1) NEXT?:1

UNK NO.:2
CHECK BEAM, THEN SET BSD AT EXT. READY?:1
BRING FARADAY CAGE UNDER CROSS HAIR. READY?:
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