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Cation vacancies and the crystal chemistry of breakdown reactions
in kimberlitic omphacites

JOoSEPH R. SMYTH

Geosciences Division, Los Alamzos Scientific I.aboratory
Los Alamos, New Mexico 87545

Abstract

The degree of alteration in clinopyroxenes from eclogitic inclusions in South African kim-
berlites is directly related to the deviation from stoichiometry of remnant unaltered areas in
individual grains. Deviations from stoichiometry are reconciled by allowing up to 9 percent
vacancy in the M2 site. The breakdown reaction accounting for the apparent alteration is:

Ca 0 AL,S1,0,, — CaALSiOg + 3Si0,

The products of this reaction are observed in X-ray precession photographs as a second Ca-
Tschermak’s pyroxene intergrown with the host omphacite plus quartz powder rings. I infer
that a vacancy-containing pyroxene is stabilized by pressure but is highly unstable at lower
pressures. A general FORTRAN program which breaks pyroxene compositions into end-mem-
bers has been written to include a vacancy-containing end-member.

Introduction

In the course of mineralogical investigations of iii-
clusions in South African kimberlite pipes, I noted
that in eclogitic clinopyroxenes the apparent degree
of breakdown closely correlates with the mineralogy
of the specimen. Of the specimens observed, the
kyanite- and coesite-bearing eclogites and grospy-
dites exhibit the greatest degree of alteration, which
appears as a cloudiness or white opacity in the clino-
pyroxenes. It is inferred that the alteration of these
clinopyroxenes must have been extremely rapid and
essentially isochemical, because coesite is preserved
in one specimen in which tl.e omphacitic pyroxene is
quite altered (Smyth and Hatton, 1977 Smyth,
1977a). This led to the suspicion that a component in
these pyroxenes is highly unstable at lower pressures,
indeed much less stable than either jadeite or coesite.

In thin section, the alteration of the pyroxene ap-
pears fairly evenly distributed along very fine frac-
tures (Fig. 1); however, small unaltered areas up to
50 pm in diameter remain throughout most grains.
Also, the pyroxene appears unaltered where it occurs
as inclusions up to 200 pm in diameter within coesite
and garnet grains. Preliminary microprobe analyses
of the unaltered areas showed that the pyroxenes
contained Al significantly in excess of Al'Y + Na +
K, and had consistently and significantly fewer than

8.0 cations per 12.0 oxygens. /x similar deviation
from stoichiometry was noticed by Sobolev et al.
(1968) in omphacites ir kyanite eclogites from Sibe-
rian kimberlites, although no expianation was of-
fered as to how such deviations might be maintained.
O’Hara and Yoder (1967) reported anomalously high
alumina in pyroxenes synthesized at 1500°C 2nd 3.0
GPa (30 kbar), and suggested that there may be a
solid solution toward kyanite. Thus, previous studies
and the preliminary chemical data suggest that the
deviations from stoichiometry might be responsible
for the rapid breakdown of some of the omphacites,
especially those from kyanite- and silica-bearing ec-
logites.

Wood and Henderson (1978) presented experi—’

mental evidence for substantial amounis of M-site
vacancies in aluminous clinopyroxenes in the systems
CaAl,SiO-Si0, and CaAl;SiO,~CaMgSi,O; at pres-
sures of 25-32 kbar and tcmperatures of 1400-
1500°C. They concluded that the non-stoichiometiic
pyroxene is stabilized by increased pressure and
should be a stable component of natural clinopyrox-
enes, especially in the presence of excess Si0,. My in-
vestigation was undertaken to document the exis-
tence and extent of the occurrerce of vacancies in
some natural jadeite-rich clinopyroxenes and to
characterize the crystal chemistry of the breakdown
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FROGRAM FYROS _

FROGRAM TO CALCULATE FYROXENE NORMS BY METHOD OF KOSS 1976
PROGRAN WILL ADJUST FE24/FE3+ TO ACHIEVE STOICHIOMETRY

FROGRAM WILL ALLOW UP TO 15% VACANCY 1N 42 ,

DINMEMSYON ENDMO3E) sENDYCIO) vy ATWEM (B8 s ELTCL1S5) yELOCIS) s ATW (LS
IWTF(185) » TITLE(18) y ATOM(13) yELC (1Y) yEMEN (49 36)

DATA ATOM//SX /5/ALIV 5 /ALYY 5 /TT 7 37CR ‘5 'FE34’ » "FE2+ 7y
1716 “»’MN  ‘»’CA  ‘5s’LY ‘s’NA 75’K "y'VAL. 5’0 /
DATA ATU/4H0,0848,50.98046550,9306979.8938,75,9987,79,8441,
171«8464:40.3011y70.8374756.0794;14o9387730.?895;47.1017
2y0,0001,15,9998 /

DATA ATWEM/211.0975214,.9485186,0829195,2155210.983,
A227,148,230,999,202,133,

1243.260;247.111y218.245r211«2667227«03412?7.378y2439146!237.9417\ﬂ
2232)1737253,7007243.1429227.374;258.9009246;?93;231»225;262.760y

323&.1277202.359;233.8?4;199.192,191.308;207;075;247.188;231
4,420,212,955,232,353509200,7945283,864 /7

DATA EMEM/ /LY C’s’R SI’s’'2 (&% LI F/y’E SI7,

172 06757 ALY AL BY7,72 0677 Tl MY G/TL
2706 "L W9 E/TI 7?7 SI2797 06 “5y/NA L’y 'R S175/2 067y
I /NMA F73E §Y572 046757 “9/NA AL SI’y’2 06747
AG/TI 5’812 ‘9’ 06 "v'NA F s E/T1?3% SI2757 04 ‘5K
@7 06 77 "3'K FE“ 2/ 812757 04 757 ‘9K AL’ !
67y’ 'K MBy ' /TI 9’812 15'06 ‘s ’K FE/7/TI 'y
27CA T75°T ALY 572 046757 MG T/ X Bl 9’2 06747
B’Y AL’»’2 0677 "s'CA C’9’R AL’s’" 8T ‘5706 ‘,
H’R AaL’»’ 81 ¢
97 06

7
/7
7’
’

06 ‘s‘CA F’y»’E AL’

A'NME F7
E'CA A
C'FE A’
I MG 57
E‘CA M’
F/MN F
G’ MB2

7
y

?

9

»’E AL’
y

?

y

y

y

y
y
»
’
L ALY
‘L ALY,
AL 7y
‘NOSI,
‘E 817,
’

9 7
? 7
v ’
7706 7
? 4
y 7
’ 7
2’912 7 7 ‘

c INITIALIZE

2 WRITE

(724)

y ¥ y
2FE F79’E ALY’ 81
» MG AL AL
»'CAG7y’ Al 797812
y'FEG79 " AL 7
7’MN M’9/G S17/y
y "CAZ 7y y
y y y

‘FE2 7

‘512 7
812

~
93
=
[
SN S NN 6N

4 FORMAT (' FROGRAM TO CALCULATE PFYROXENE ENL MEMBERS ‘.,
177 VYFE O FOR ATOM NUMBER, 1 FOR OXIDE WEIGHT FERCENTS:’)
READ (5,8) INP

8 FORMAT (I1)
WRITE (7510)

10 FORMAT(’ SFECIFY OUTFUT:
LWEXGHT 2 "PERCENT OXIDES
REAL (G,12) IOUT1,1I0UT2

12 FORMAT(211)

(0=NO» 1=YES) CATION NUMEERSS

(2T1)37)

Cmr=m==~INITIALIZE RUN

30 COMTINUE
D0 32 N=1,37
ENDM(MN)=0,0
ENDW(N)=0,0
D0 34 M=1,15
ELT(N)=0,0
ELC(N)=0,0
ELO(NY=0,0
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34

36
38

Comoermm

52 FORMAT (/ ENTER NUMBERS OF ATOMS FOR OXYGEN, SI. ANDT AL (1IV)

54

64

66

70

100

102

104

106

10&

110

WTF(NY=0.,0

WY0T=0.0

CAT1+:0.0

CAT2=0.0

WEIGHT=0.,0

CATION=0,0
WRITE(7936)

FORKMAT(’ ENTER TITLE (18A4)')
READ (5938) TITLE
FORMAT (18A4)

IF (INF.GT,0)G0 YO0 100
=-=ATOM IMPUT

WRITE (7+52)

1 (XFbh,4)7)

REAI (5,54) ELT(IS)»ELTCLYSELT(2)
FORMAT (3F4.4)

WRITE (75356)

FORMATC(” ENYER AL (VI)y 1TIy CR (3F&.4)7)
READ (5y34) ELV(3)sELT(A)SELT(S)
WRITE (7,38)

FORMAT (/7 ENTER FE2+4y FE3+ (2F&.4)87)
REAN(E,60) ELT(7),ELT (&)
FORMAT(2F&. 42

WRITE(7282) i

FORMAT(Z ENTER MGy MM (2F6.4)37)
REAUCS»60YELY LS9 ELT(9)

WRITE (7+64) '

FORMAT (7 ENTER CAs L1 (2F&6.4337)
READC(S260)ELT(10) yELT(11)
WRITE(7966)

FORMAT(’ ENTER NA» K (2F6,4)87)
READC(Sy6OYELT(L2) yELT (1)

0 70 N=1,13

CATION=CATIONIELT(N)
ELT(3)=ELT(3YFELT ()

GO 70 170 :
-=-0X1DE INPUT

CONTINUE

WRITE(75102)

FORMAT (7 ENTER WEIGHT FERCENT OXIDES:’,
177 SI02,  AL203  (2F6.4)3 %)
READ(G»60XWTP (L) S HTR(3)

WRITE(7;104)

FORMAT (* ENTER TI02, CR203 (2Fé6.4)87)
READ (59400 WTP (4 s WTP(S)

WRITE(75106)

FORMAT ( /7 ENTER FEOy FE203 (2F&.4)807)
READ(SyA0) UWTP(Z) WP (&)

WRITE (75108)

FORMAT(’ ENTER MGOy MNO (2F&6.4)%7)
READC(Sy60)UYP(BY v UTP (D)

WRITE(7,110)

FORMAT(’ ENTER CAOy» LIZ20 (2F6.4)%7)
READC(S 280X WTPCLO) o UTHCLL)
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WRITE (75112)

112 FORMAT(’ ENTER NA20» K20 (254.4)87) o

READ(Sy60) WIFP(L2) s UTF(L3) 3

0 140 N=1,13 g

140 WINT=UTOTHWTR (N) i

IFCNTOTVGT 00,0 ANDLWTOTLT«110.0) GO TQ 150 .

WRITE(75144) N

144 FORMAT(’ OXIDE YOTAL TOO LOW GK 100 HIGH! /) 1
GO 19 30

C v

C-~==~=CALCULATE CATLON NUMEERS i

C

e

A

150 10 160 N=1,13
ELTCNY=UWTEONY ZATWIN)

160 CATION=CATTON+ELT (N) :
ELT(15)=CATION+ELT(1)+ELT(3)/2+ELT(4)+ELT(5)/2+ELT(6)/2
1I-ELT(1L) /2-ELT(L12) /2-ELT(14)/2

170 0V1=6,0/ELT(15S)

S DV2:=4,0/CATION

0 172 N=1,15
ELOCNY =ELT(NY %DV
ELC(N)Y=ELT(NYXIV?2

172 ELT(NY=ELT(N)YXDVL
ELT(2)=2,0~ELi(1)
ELOC2)Y=2,0-ELOC1) {
ELC(2)=2,0-ELC(1) :
ELT(3)=ELTCEY-ELT (D) |
ELOCEY=ELOCIY-ELO(2) 1
ELCCI)Y=ELC(IY-ELC (D) ;"
D0 174 N=1,13
CAT2=CAT2FELG(N)

174 CAT1=CATI4+ELO(N)

L

C
Cow=---AUJUST FEZ4» FEZ+ RATIO FOR STOICHTIOMETRY
C
FE3AD=2.,0% (4 0-ELC(1i5))
IF(FEZAULGTLELC(Z)Y)Y 650 10 184
IFCOFESADFELCCE) Y WLT40.,0) GO TO 194
ELCCOHY=ELC(A)4FEZAD
ELC(7)Y=ELC(7)-FEJZAD
ELC(IS)=ELC(19) FFE3AD/2,0
DO 182 N=1,15
ELT (M) =ELCIN) 7
182 ELO{M)Y=ELC(N) i
WRYTE(7,184) : ‘ s
184 FORMATC(’ FE2+/FE34 ALJUSTED FOR STOICHIOMETRY’) 2
GOTO 200 i
Cmm=w-—=ALL VE &% FE 3+ i
184 ELC(SY=ELC(7) A
ELC(7)=0,0 4
ELCCiS)=ELC(1E)Y4+ELC( Y /2, P
DO 183 MN=1,13 ot
188 ELT(NY=ELC(N) g
ELOCA)Y=ELO(7) L
ELOC(7Y=0,0
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DVI ELNDCLEY/640
DO 190 N=1s15
190 ELOGN) =ELD(N)/0V]
WRITE (7:192)
192 FORMAT(’ CATION YOYAL HIGH3 plL FE AS FE31®7)
GO 170 200 :
Cmrrmm—— CATION TOTAL LOWS ALL FE AS FE2+4
194 ELOC(7)=ELOC7) FELOCSE)
ELOCS)Y=0.0
ELO(14)+:4,0-CAT1
CAT1=4.0
D0 196 N=Lls13
ELCN)=ELO(N)
196 ELTV(NY=ELOCND
WRITE (7,198)
198 FORMAT(’ CATION TOTAL LOWS; ALL FE AS FE2+7)

C
Lo DUTFUY CATION TOTALS
C -

209 IFQI0UT1.LY.1)60 TO 240
WRITE (752032)
202 FORMAT(- CATIONS PER &6 OXYGENRS FER 4 CATIONG')
Do 210 N=1713
- IFC(ELY(N).LE.0.0) GO TO 210
WRITE (75206) ATOM(M) yELOCNY yELCING
206 FORMAT(4XyA4,2(10XFE.4))
210 CONTINUE
WRITE(7y212) CAT1,CAT2sCATION
212 FORMATCY TOVAL 7+ 3C10XyFB.4))

C
C------~RECALCULATE OXIDES
c
230 IF(lOUT2.LT.1) GO TO 290
no 240 MN=1,13
WTF (N =ELT (NI RHATW (ND
240 WETCAT=WEIGHTIWTF(N)
DV3=WEIGHT/100.0
Dy 250 N=Ls4i0
250 WTP(N)=WTF(N)/DV3
c
Ce=w==0DUTPUT OXIDE WEIGHT FERCENTS
c
WRITE(7+272)
272 FORMAT (/ WEIGHT FERCENT OXIDES’)
Do 276 Mu1213
276 WRIVE(7y274) ATOMIN)Y yWTH(N)
274 FORMAT(AXyAd4y 10Xy FB,4)
290 IF (ELT(2).6T.-0.002) GO TO 300
WRITE(7,292) ELT(3)
290 FORMAT(/‘ ANALYSIS INDICATES AL(VI) = ‘Fb.4y
17vvve//)
C
C
Commmme=CALCULATE PYRDXENE END MEHMBERS-—-—=—-—rm oo o
c

C




300 CONTINUE
TOIW=0,0
TITHK=0.,0
DD 390 N=1,3
NN=10+N
NM1s3%(N--1)+1
NMR:=3%(N-1)42
NM3=OX(N-1)+3
IFCELY(NN).LELO.,0) GO TO 390
C-+---=CR LIMITED
IFCELYSRN) JLEELT(G)) GO TU 306
ENUMONML) =ELT(S)
ELT(S)=0.,0
ELTC(NNY=ELT(NN)-ENDM(NM1)
GO TO 310
C---~--NN LTMITED
2046 ENDMONMI)=ELT (NN
ELT(NN)=0.0
ELT(S)=ELT(S)-ENDMOINML)
GO TO 390
C---—-==NN - FE3+ FYTROKENES
310 YF(ELT(&6).LE.O0.0) GO VO 320
IFCELTONM) ,LE ELTC(S)Y) GO 10 316
Comor=mm FE34+ LIMITED
ENDMONM2) =ELT(67
ELT(63=0.0 '
ELTORNN)=ELT(NN) -ENINM(NN2)
GO 10 320
C-----—-NN LIMITED
Ji5 ENDMONMZ)=ELT(NN)
ELT(RN)=0.0
ELTC(SHI=ELT () ~ENDMONNZ)
G0 TO 390

C------NN - AL(V1) PYRDXENES
329 IFCELT(HMNY,LE.ELT(Z)) S0 T0 326
IF(ELT(3).,LE.0.0) GO TG 330
C----=-AL LIN(TED
ENDHM (NM3)=ELT(3)
ELT(3)=0,0 "
ELT (RN) =ELT (NN) ~ENDM (HN3)
GO TO 330
Commree ~HN LIMITED
326 ENDMINM3)=ELT(NN)
ELT(NR)=0,0
ELT(3)=ELT (3) ~ENDM(NN3)

GO TG 390
c
C-ww--==-NN = KG/FE/T1 PYROXENES
c

330 D0 340 M=1s2
MM 0--2%M
NMM=HNMN3+H
IFCELT(NN) LEJELT(4)/2,0.0R.ELT(NN) LELELT(MMK)/2.0) GO TO 336
C—wm==MG/FE/VI LIMITED
IFC(ELTC(4)Y LT ELT(MM)) GOTO 332
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C-w-=w=-MG/FE LIMITED
ENUM(NKMY=ELT (KK) /2.0
ELT(MM)=0,0
ELT(A)Y=ELT(A)~ENDM(NMM) /2.0
ELTCNN)=ELT (WM -ENDM (NMM)

GO TO 340 '
C=rewnaTI LIMITED
332 ENDMINBEMI=ELT (A)%2.0
ELT(4):=0,0
ELT(KM)Y=ELY (MK ~ENDMI(NMM) /2.0
ELTONN)=ELT (NM)-ENDM(NMM)
GO TO 349
C—--—--~NN LIMITED
336 ENDMONMM)Y=ELY (NN)
ELT(NN)=0,0
ELT(4)=ELY(4)-ENDM(NMM) /2.
ELT(MM)=ELT(MM) ~ENDM(NKM) /2.0
GO TO 390
340 CONTINUE
WRITE(7,342)
342 FORMAYT(’ THERE IS EXCESS MONOVALENT CATION IN THIS FYROXENE)
390 CONTINUE
00 392 N=1,15
372 ELVC(1)=ELT(1)-ENDM(N)X2,C
IF(ELT(1).6T.0.0)60 TO 400
WRITE (7:394)
394 FORMAT(’ RAN OUT OF 81 IN MOUONOVALENT CATION RENOVAL ‘)
GO T0 %900

C-=m—- TI PYROXENES (FASSE1TES)

400 D0 A50 N=1.:3
NM=M415
IF(N+EQ,1INN=10
IF(R.EQ.3)NN=7
IF(ELT(2).LE.0.0,.O0R.ELT(4).,LE.0.0)GD TO 500
IFCELTONNY LT (2, 0XELT(2)) JORVELT(4)Y LT (2. 0%XELT(2)))
160 10 410
C-------AL LIMITED
ENDKH(NMI=ELY(2)/2.0
ELT{(2)=0,0
ELT(A)=ELT(A4)-ENDM(NM)
ELTONNI=ELT(NM)-ENDM(NM)
GO TO 500
C-==-=-TI/HUN LIMITED
410 XF(ELT(HN).LT(ELT(4)) €0 TO 420
C-——mmm TI LIMITED
ENDM(NM)Y=ELT (4)
ELY(4)=0,0
ELT(2)=ELT(2)--2, 0XENDIM (NM)
ELTONNY=ELTONN) -ENDMONM)
GO TO 500
Cm-m== MN LIMITED
420 EHNDM(NKMIY=ELT(NN)
ELT(NM)=0,0
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450

Cmmemime

500

ELT(2)=ELT(2)~2,OXENDM(NH)
ELTCAY=ELY(4)~ENUMINN®
CONTINUE

~TSCHERMAKS PYROXENES

IF(ELT(2),LE.0.,0)GO TO 600
NM=:18

DO 580 N=1,3

DO 3570 M=1+3

NM=HNM{1

IF(M.EQ,1)M2=10
IF(H.EQ.2)M2=8
IF(M.EQ,3)M2=7
IF(N.EQ,1)K1=5
IF(N.EQ.2)M1=6
IF(NEQ.3)M1=3
IFCELT(M1).LE,0.0)G0 TO 580

IFCELT(ML) JLEJELT(2) JORMELTIMN2) JLELELT(Z))

160 TO 510
C------AL LIMITED

ENUMONMY=ELT(2)
ELT(2)=0.0
ELT(L)=ELT (1) ~ENDMINM)
ELT(ML) =ELT(MLI-ENDMINM)
ELT(M2)Y=ELT(M2)-ENDIMINM)
GO TO 600

-M1/7M42 LIMITED
IF(ELTCM2), LEL,ELT(MLIIGO TO
-M1 LIMITED
ENDMONMY=ELT (ML)
ELT(M1)=C.0
ELT(M2)Y=ELT(M2)-ENDMINM)
ELT(2) =ELT2)-ENDMONM)
ELTC(L)=ELT(1)-ENDM(NM)
GO 10 &80

C=wrrmmmm M2 LIMITED

570
580
C

ENDMONM)Y =ELT(M2)
ELT{M2)=0.0
ELY(M1)=ELT(M1)--ENDH (NM)
ELT (L) =ELTCL) ~ENDMONK)
ELT(2)=ELT(2)-ENDM(NM)
CONTINUE

MH=1684M%3

C—==m=~UACENCY FYROXENES

c
600

IF(ELT(14).LE.0.0)CGO TO 650
IFC(ELTCS)LE,O0.0)G0 TO 640
DO 630 N=1,y3
IF(N.EQ.1)M2=10
IF(N.EQR.2)M2=8
IF(NLEQ.3)M2=7

NM=N+27

IFCELT(M2) JLEL.2,0XELT(3).0R.

C--==--AL LIMITED

wEw L T

ELT(14) LE.2,0%ELT(3))G0 T0 410




ENDM(NMI=ELT(3)
ELT(3)»=0.0
ELY(1)=ELT(1)-2,0KENDM(NM) i
ELTOM2)=ELT(M2)-ENDM(NM) /2,0 3
ELTC(14)=ELT(14)--ENDM(NM)/2.0 y
GO Y0 640 .

Cowmromme VACENCY LIMITED

610 TFC(ELV(M2).LELELT(14))60 TO 620

ENDM(NM)=ELT(14)%2.,0 :
ELT(14)=0.0 Al
ELT(M2)=ELT(M2)-ENDM(NM>/2.0 ;
ELT (I =ELV(3)~-ENDMINM)

ELT(1)=ELT(1)-ENDM(NM)%2,0 _ y

GO 10 650 " 2%
C--===¥2 LIKITED ; A
620 ENDMINM) =ELT(M2)%2,0 33
ELT(}2)=0,0 b

ELT(14)=ELT(14)-ENDM(NM) /2.0
ELY(3)=ELV(3)-ENDM(NM)
ELTC1)=ELT(1)-ENDM(NMI%X2.0 ‘
630 CONTINUE i
GO 10 650 L
640 WRITE(79642) ‘ Lo
642 FORMAT(’ 700 LITTLE AL FOR VACANCYy IS THERE ANY CR LEFT?) C

C

C--~===WN FYROXENES

c

650 IFC(ELT(9).LE.0.0)YGO TO 700

DO 680 N=Lly3 S
NM=N+30 ; :
IF(NLEQR,1)M1=10 k
IF(N.EQ,2)M1=8 ]

IF(N.ER.32M1=7 5

IF(ELT(M1)LLELELY(9)) GO 70 660
Com====MN LIMYTED

ENDM(NM)Y=ELT(9)

ELT(9)=0.0 j

ELT(M1)=ELT (M1)-ENDM(NM) o

ELTC(DY=ELT (1) -ENDMINM) X2, ' ,

GO TG 702
C-»-=-—-=M1 LIMITED

660 ENDMINM)=ELT(M1)
ELT(M1)=0.0 :
ELT(?)=ELT(?)~ENDMINM)
ELTCL) =ELTCL)~ENOMINMI X2.0

680 CONTINUE '

c

C--~-~--QUADRILATERAL PYROXENES
c

C-w===--WOLLASTONITE

700 ENDM(34)=ELT(10)/2.,0
ELT(10)=0.,0
ELT(LY=ELT(1)-ENIM(Z4)%2.0
IF(ELT(1).LE.0.0)GO TOD 730

C-—-—--—ENSATITE
ENDM(35)=ELT(8)/2.0
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ELT(1)=ELT(1)~ELT(8)
ELT(8)=0,0
IF(ELT(1),LE.0,0)G0 10 730
Com -===FERROSILTTE
ENDH(36)=ELT(7)/2.0
ELT(L)=ELY (L) ~ELT(7)
ELY(7)=0,0
IF(ELT(1).GE.-0,002)60 10 800
C-——=-- INSUFFICIENT SI
730 WRITE(7,732)ELT(1)
732 FORMAT(’ RAN OUT OF SI IN QUAIl PYRCXENES; SI = /1F6&.4)
C
C--~~=-COMFUTE RAYT10S
800 DO 810 N=ls36
ENDM(N) =ENDM (NI %100,
TOTM=TOTH+ENDM(N)
ENDUW (N) =ENDN (N KATHEM(N)
810 TOTW=TOTWHENDH(N) |
IV1=TOTW/ 100,
DO 812 N=1,36
812 ENDW(N)=ENDW(N)/DV1
QD=ENDM (34) +ENDM (3%5) +ENDH(34)
WD=100,XENDM(34)/QD
EN=100,¥TNDM(35) /0D
FS=100,XENDM(36)/RD
c
C--====GUTPUT

c
9200 WRITE(7,202)T1TLE
907 FORMAT(//1%+18A4s/’ PYROXENE END WEMBER CALCULATIONG?,

1/ END MEMBER’ 6%y MOLE PERCENT WEYTOHT SERCENT )
o 904 N=1y36
IFCENDM(N) ,EQ,0.0)G0 TO Y04
WRITE(79yS06)EMEM(1yNY yEMEM(2N) yEMEMC(3 N ¥
LEMEM(4y M) yENDMOND) s ENDU(ND
904 CONTINUE
906 FORMAT(2Xy4A4y2(4XsFB,3))
WRITE(Zy208) T0OTHM
908 FORMAT(/’ TOTAL’y16XsFB4356Xy7100.,000")
C------RESIDUALS
[0 920 N=1,14
IFCELT(N) eLT+0+001 ¢ ANDLELT(NY 6T ¢~0.001) GO TO 920
WRITE(7s918)ATOMIN) »ELV (M)
918 FORMAT(’ RESIDUAL ‘sA4sF8.3)
920 CONTINUE
WRITE(7y922) WOYENYFS
922 FORMAT(’ QUADRILATERAL COORLINATES (MOLL FPERCENTS) 'y
177 WO = “9Fb629 EN = 7"9Fbe29 FS = “9F&.2/7/77)
GO TO 30
CALL EXIT
END
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