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1984/35. SPINEL: a FORTRAN program to correct electron probe spinel
analyses for ferric oxide,

J.W. Hudspeth
A.V. Brown

Abstract

Electron probe analyses of spinel are input, are corrected for
Fe,0,, and the structural formulae and percentage weights recalculated.

PROGRAM SPINEL

Where electron microprobe analyses return total iron reported as
FeO, but in fact there exists also Fe,0,, then there is a need to re-
compute the results in order to take this into account. The program was
written to follow steps of a method provided by A.V. Brown (Appendix 1).
The program is written in FORTRAN and runs interactively on the Department
of Mines Perkin-Elmer 8/32 computer. The user is required to type
"SPINEL" (which starts the .CSS of that name) and then to respond to a
series of prompts. An example of an interactive run, together with the
printed output obtained, is given in Appendix 2. Appendix 3 is a
program listing. It should be noted that the analysis is made available
{for program input} in oxide weight form where the assumption that the iron
is in the form FeQ has been applied. The methed (Appendix 1) thus first
reverses this step to cation proportions. The program also calculates
and prints the Mg to Mg+Fe ratio,
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APPENDIX 1

Method used by program

Program is required for calculating a theoretical amount of Fe,0, in
a spinel structure using data obtained from electron probe, and assuming:

(1)

(2)

(3)

Minerals of the spinel group have 32 oxygen ions and
24 cations in a unit cell.

! 24 34
General formula is Ry Ryg Oyge

Asg&minq gge general formula, apport% ns total iron as
Fe~ + Fe = such that 2 (Mg+Mn+Ca+Fe ) = (Cr+Al+Ti+Fe ).

INPUT

List the composition of the mineral expressed as weight percent of
the constituent oxides as obtained from the probe.

List of possible oxides in standard order:

Step 1.

Step 2.

Step 3.

TiO,
Al 0,
Crzo3
FeQ
MnO
NiQ
MgO
Ca0

CALCULATION

Divide each oxide by its molecular weicht (thus obtaining the
molecular proportion of each oxide) and multiply the molecular
proportion by the number of cations in the oxide concerned
(this gives a set of numbers proporticned to the number of
oxygen atoms associated with each oxide).

i,e. Ti0, + 79.90 x 1 = X3
Al,0, + 101.94 x 2 = X
Cr,0, + 152.02 x 2 = X
FeO + 71.85 x 1 = X4
MO & 70.94 x 1 = Xg
NiOo : 74,71 x 1 = Xg
MgQ 3+ 40.32 x 1 = Xg
Ca0 + 56,08 x 1 = Xg

Add X1t.i.eeaoet Xg =T
as we wish to total cations to 24 then multiply each of Xi,
X2+eseee.0s X by 24 and divide by T.

Result = ¥1, ¥Y2,...... Yg.
(MgO+MnO+NiO+CaQ+Fe2t) = 8
and

(Cr+nl+Ti+Fe’™) = 16
Add {Y7+Ys5+¥s+Y¥a+¥y) = o
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Step 4.

Step 5.

Step 6.

Step 7.

(1)
{2)

(3)

Form:

structural formula obtained from: TiO =

3/8

Subtract 8 from o (=R); if difference +ve continue, if difference
~ve stop with message.

Check: (Cr+al+Ti+R) = 16% rounding errors (if any).

Calculate wt.% Fe,O,

Take £ from Step 3, divide by 24 and multiply by T from Step
2 = v (= number of cations in mcl proportion).

Then wt.% = v x 159.70 ¢+ 2 = £,

Calculate new value of FeO,

Take Yy, (from Step 2), subtract B (from Step 3)
Calculate number of cations in mol proportion =
{step 2) = 4.

Thus new wt.% of FeO = § x 71.85 = ¢.

= A,
A+ 24 xT

Normalise wt.% with new values for Fe0O and Fe_ 0,.
Take value of TiO,, Al,0,, Cr,0,, MnO, NiO, MgO and Ca0 from
input, add wt.% Fe,0, (=f) plus new wt.% of FeQ (=e).
add = T,
100.00 _ T

3
TZ

-+ normalisation factor =

Multiply each oxide by T,.
QUTPUT
Print input.
Print normalised values from Step 6.
Print structural formula.

Input Step 6 Structural

Fel

NiO
MgO
Cao

Al,0,

Cr,0,

Fe O
FeO

1]
ol o I R

g
o

Nio
MgG
Ca0

ft 0o
B
® N o®
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APPENDIX 2

Example of interactive run

FSEAMEL

ENTIER SAMPLE ICEMTIFICATION
D>TESTL

EHTER WEXGHT FERCENT OF  TilE
pIu I

EM{FR WELIGHT
»a. I

ENTIER WEIGHT
YET. Vb

EMTER WEIGHT
Y3 66

FERCENT
FERCENT

FERCENT

oF R1E203
OF Cr203

dF el

EHTER WEIGHT FERCENT OF M0
ya. o
ENTER WEIXGHT FERCERT OF Mi0
4. a8
N EHTEFR MWEICHT FERCEMT OF Mgl
4, 04
EHTER WELICGHT FPERECENT OF Cad
PSR
AN CHAY >
pas
ENTER SAHMPLE IDEMTIFICATION
DTEGLT
EHNTER WEIGHT FERCENT OF Ti0&

>a. G

ENTICE WETGHT
pEIEEE

ENTER WEIGHT

>34, 41

FERCENT

FERCENT

OF AlooE

OF Cir203

ENTER WEIGHT FERCENT OF Fed
YEd. G

ENTEZR WEIGHT PERCENT 0OF MnQ
e 93

EMTER WEIGHT FERCENWNT OF Hi0
Pa. @

EHTER WEIGHT FERCENT OF Mo
>4, G

EHTFRE WEYGHT FERCENT 0OF REYA]
hIsARY

R ALHY CHRAY
pAL!

STOE
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PRINTED OUTPUT FROM INTERACTIVE RUN EXAMPLE

SAMPILE  TESTL

Ti0E B, aaBg 8. aaEn L T 5 1)
AL £. 32860 24347 &, 3373
Crains 57, 7400 128873 52, 354¢
Fei(ri i 8. 9516 4. S@&3

el 22, 6eHa &. B794 25 2u?
Prid 6. S4&8 8. 12%6 a. 5457
M &, aeon @. gaEn @, aaad
Plgatd 4. 2468 1. 7909 4. 2851
£1240) &, aas g, aaEn 0. BEan
S Q& Shen 24, GEan 99, 9999
MgsCMg+Fed is 20. 2XH
SAMMIE TEST2

Tabe B. 5669 8. 1463 8. eend
HLEON 5. 28668 1. 96435 5. 2820
Cr2ik 24, 4160 e 24 4273
Feid = €. 1861 28, 95RS

Feanl 51. @209 5. 9345 25, BIez
M) g, 4388 B ieidd 0, 4382
Hil [ s ) @ aRGn E, BEan
Pl 4, B4E0 1. S6ee2 4, 6423
[l B aEes @, BEGn B, Baan
Sy 97, B590 24, @eEn 156, aeno

Mg iHMg+Fed> is E4. 2%
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APPENDIX 3
Program SPINEL

Ak K Wk kR R Kk kR ok ok

REAL. X(8), Y180, 2C1@0, ILAMBDA. GIC1E>
CHARACTER#12 SAMP

CHARACTER*S ELEM<c4i@>)

CHARACTER#*1 ANS

LOGICAL AGARIN

DATA AGRIM . FALSE. /

DRTA ELER /7 Td08%, “HISDS, “Cer037. " Fel”,~

17 Mg/, ” Cal”, “FeZ2037, “SUMME’/
SAMP=:~ 5

Zidar=8. 6

YilGr=8, @

gri@r=8. @

IF{HGAIN> THEN

DO 28 J=4.83

ELEM{ I )»=ELEMCI+1)

CONTINUE

ELEM{22="Fe203"

ENDIF

WRITECS, 11>

FORMAT (41K, "ENTER SAMPILE IDENTIFICATION-)
READCS. 13> SAMP

FORMAT(ALED

DO 188 J=41, &

WRITEC(S. 48> ELEM<JTD
FORMAT (41X, "ENTER WEIGHT PERCENT OF “.AS)
REARD S, %, ERE=788) Z2<{J)>
2C182=2¢182+2J)

CONTINUE

# k % STEP 4 # & % % % ok % %

K1 =Z2410/°79. 9

#{2r=2, axZ2(2) /161, 94

Hi3)=2, axZ(3) /152, B2
Xidi)=2(42/71. &5

HiSH)=Z(52/70. 94

XLgr=2(6)/74. 71

KiT7r=2(7>/48. 32

Bi3r=2{3)/56. a8

: % ok ok k STEP 2 % % Rk % * % & &

T=RCA)+ R +RIBO+RCGI+RISI+HECEDI+R I T A+ D
DO 4125 J=1.%8

WiJa=xKCTo#w2d @’T

CONTINUE

# % % % STEP 3 % % % % # & :k H %
ALPHA=Y (P2 +Y (S +Y {80+ 7P (SH+Y 4D
BEETAH=ALFHA-2. &

IF{BETH. LT. 8. @> THEN

MRITELS, 1602 BETAH

HRITE 6., SS5> SAMP

WRITECS, 169> BETA
FORMAT (1K, "BETAH =".Fé&. 2, “
AGATHN=. FALSE.

GO TOD 4@

EMDIF
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ly)

180

p T
g 8 3
4G3

14

4 At

410G

4308

450

78

c o ke ok ok STEP 4 sk sk ok ok ok ok K bk ke

IFCHBS YLD+ Y 20 +Y (3D +RETA-46. ). G1. 6. @a&@i» THEM
WRITECS, 1803 (Wi r+Y{20+Y(2H>+BETH)

FORMAT (LK, "Al+++, Ti++++, Cr+++. BETA SUM 15 “.F% 53
WRITECS, 182>

FORMAT (AKX, “00 YOU WISH TO COMTINUE? CHAY Y 2
READCS, 133> ANS

FORMATCAL >

IF<{HMNS. EQ. “N“> THEN

HRITECS, S855 SAMF

WRITEC(S, 1808 (Yd{iHr)+¥Y{(22+¥Y(3>+BETH)
AGRIN=. FALSE.

GO TO 4ié

ENDIF

IF{ANS. NE. “%¥“) THEN

WRITECS, 184>

FORMAT AKX, “ANSKHER N OR Y7 )

GO TO 4131

ENDIF

ENDIF

# % % % STEP S Fel203 #® % ® % % % # & *
GAMMA=T+BETA/24. B

PSI=GAMMA*159. 7/2. @

: % % % % STEP & FO0 o % San 6 2w &

LAMBDA=Y{4>-BETA
IF{LAMBDA. LT. 8. 6> THEHW
WRITE(6, 55 SAMP
WRITECS, 284>

HRITECS, 284

FORMHTCLR, "RATIO BF 2+:3+ > 1:8 . 007 NET R SPINEL! TRY AGAIHY>
AGAIMN=. FALSE.

GO TO 1@

ENDIF

DELTA=T«LAMEDA/24. &
EFSILO=DELTR#*71. 85
# k # # % w STEP 7 %  # % % # & k # #k %
T8=Z <1 )+Z2(2)+2{3)+EPSILO+PSI+Z(T)+2 (A PECT I+ZCBH
T3=1808. a/T2
Q{SHO>=EPSILO*T3
Ri4O=P5I+T3

DO 408 J=1, 3
QCId=Z2CTo*T3
CONTINUE

DO 4183 J=6.9
QLI»=2(J=-15%T3
CONTTHNUE

DO 428 J=9,5, -1
ELEMCT>=ELEMCI=4)
2CI)=2¢J=-1>
Y(I)=Y(TJ=13
CONTIMUE
ELEM({4)>="Fe203”
Y{4)>=EBETH
YiSO=LAMEDR

DO a4S@ J=1.9
Gii@s=aciar+acJo
WOLE =Y (1B +Y(TD
CONTINUE
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#* # % k % PRINT OUTPUT * # % #% % k % % =%

WRITE{&, S55» SAMP
FORMAT (/A /4, 4K, “SAMPLE <, AdlZ, #)

DO s8E J=1. 186

IF{J. EQ. 4> THEN

WRITECS, 585> ELEMCJI), Y{J), QcJ>
FORMAT (141X, AS, S el R
ELSE

WRITECS, 5902 ELEMCJI), 24J), Y(JT», @)
FORMAT (41X, AS, 3F12. 4>

ENDIF

CONTINUE

HRITELS, 685> (W(S) AP{E)+Y(S) ) d)#1GH. @
FORMAT (/s 4K, “Mag/(Mg+Fe)> is “,.F4, 4, "%~
WRITECS. 688>

FORMAT (1%, "AGAIN? CNAY DD
READCS., 183> ANS

IFC{AHNS. EG. “Y“) THEM

AGATN=. TRUE. i

GO 70 1@

ENDIF

IF{HNS. EQ. “N”> GO TO %a8

WRITECS, 684

FORMAT (41X, “ANSKWER N OR %<

GO TO s&2

WRITECS, 7042

3

FORMATC(LX, “DATA INPUT ERROR . . . START AGAIM® >

GO TO 1@
WRITECS, 961
FORMAT (/>
STOP

END
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