|

View metadata, citation and similar papers at core.ac.uk

- N65-30i5¢ -
| ‘ ;
: 2 {ACcreciny !‘.‘L}'-M:?R) {THLU) :
E 92/,& /’,
|k {PAGES} Sz :
| , SN2 z
o ) GPO PRICE $
‘ , CFSTI PRICE(S) $
N \ :‘ ¢ ‘
! Hard copy (HC)
i Ny :, Microfiche (MF)

.- 642 E

it .
«

e, . o N

I3

i

~ NUCLIDE. CORPORATION
DE . ANALYSIS: ASSOCIATES

OLLEGE AVE., STATE €

ff 653 July 65

i / i N

v

|
P
brought to you by .{ CORE

provided by NASA Technical Reports Server

LEGE, PENNA.

-
«
‘
&
-
R
’
Lo N
A .
R
P ¢
N P
v 5
¢ i
t . . :
. . ;
. P



https://core.ac.uk/display/85254726?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

IBM FORTRAN PROGRAM
FOR THE CALCULATION
OF CIPW IGNEOUS ROCK NORMS



IBM FORTRAN PROGRAM FOR THE CALCU IATION

OF CIPW IGNEOUS ROCK NORMS

by

Peter Deines

Technical Re'port .

Prepared under Contract No. NASW-1062

by
Nuclide Corporation
State College, Pennsylvania

for

National Aeronautics and Space Administration

Nuclide T, R. 65-09 1 June 1965



IBM FORTRAN PROGRAM FOR THE CALCULATION
OF CIPW IGNEOUS ROCK NORMS

by

Peter Deines

INTRODUCTION

An IBM FULL FORTRAN computer program has been designed to calculate
the normative composition of igneous rocks ("igneous rock norms") from chem-
ical analyses containing up to 23 elements. It uses the method given by
Johannsen(1l) and first proposed by Cross, Iddings, Pirsson, and Washington
(2). The print-out of the program comprises:

i,

2.

3.

4,

Se.lf—explanatory headings and sample identification,

a list of the oxides used in the computation, and the sum of
these oxides,

the weight percent of the 12 salic and 19 femic normative
minerals (listed in Figure 3) and the sum of the salic and the
sum of the femic minerals, and

the molecular ratio of MgO/eQ, in hypersthene, diopside
and olivine, as calculated,

Carbon dioxide appearing in a given chemical analysis may be recalculated
either as sodium carbonate or as calcite, but not both simultaneously,at the
option of the user.

INPUT

- One parameter card and three cards for the analytical data contain all the
information required to make a rock norm calculation for one sample.

Parameter Card

Columns 1to 10 - Sample identification, These columns may contain

alphabetic characters, numerical digits, special
characters permitted by processor, and up to 9 blank
spaces or zeros, Ten zeros or blanks in this field
signify end-of-file and stop the program,



Columns 11 to 13 - Calculation of CO2 as sodium carbonate.

Punch +1, COZ is recalculated as sodium carbonate,
Punch 00, no sodium carbonate is calculated.

Columns 14 to 16 - Calculation of CO, as calcium carbonate.

Punch +1, 002 is recalculated as caoicium carbonate,

Punch 00, no calcium carbonate is calculated,

It is not possible to calculate sodium carbonate and calcite simultane-
ously with this program; hence, one of the two sets of columns has always
to be zero, If CO2 is present in the analysis but one does not wish to cal-

culate Najy 003 or CaCO., he may set both sets to contain blanks; in this

case the program ignores the COZ'

Data Cards

The weight percentages of the oxides and elements listed in the analysis
to be recalculated as a rock norm are punched on three data cards in floating
point notation (decimal points must be punched),

Data card 1: Ten columns for each oxide in the following sequence:
SiOz, Alzos, Fezoa, FeO, Mg0O, Ca0, Naj0, K;0,

Data card 2; Ten columns for each oxide and element in the following
sequence: TiOZ, P9Og, MnO, ZrO, COg, SO3, Cly, Fqy

Data card 3: Ten columns for each element and oxide in the following
sequence: S, CrZO3, NiO, CoO, BaO, SrO, LiZO

If analytical data are not available for certain elements, 0.0 should be en-
tered in the appropriate field.

There is no limit to the number of rock norms which may be calculated
in one run or execution of the program. A parameter card precedes each set
of 3 data cards, and a blank card at the end of the input deck will terminate
the calculation procedure,

PROGRAM TESTING

A flow chart indicating the logical circuits, i.e. the sequence of com-
putation for all possible conditions, is shown in Figure 1. The FORTRAN
program is given in Figure 2., Wherever possible, standard chemical symhols
and mineralogical abbreviations have been used. If the standard abbreviation
begins with a letter I to N reserved by FORTRAN for {iXed point variables,the



abbreviation is prefixed.by A to make floating point calculation possible.
An example of the print-out provided by the program is shown in ['igure 3.

The program was tested with 50 rock analyses, covering a wide range
of chemical and mineralogical compositions, taken from Clarke (3). The
IBM 7074 Computer in The Pennsyivania State University Computation
Center was used, Norms produced by this program were found to be in
close agreement with those of Clarke except in cases where discrepancies
were traced to errors in Clarke's computation or were shown to arise from
differences in the type of norm calculation used. The execute time for
calculation of one chemical analysis was 2 sec.
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Pigure )

STARY
Calculate Fe0,=Hn0y N 10,+Fel,
:":lc°?g N - 0? '..:1:;'d, wolecular Ca0=Ca0+Sr0+8a0
s . xides numbers MgO=MNg0+L1,0
YES
Calculate Calculate Apatite
4 Rest of Apatite (-F) " "0
Cal
STOP
Calculate Calculate
Rest of [T Apatite (+F)
Ca0 and F,
o C1,5.0027
Catéfte=0 Calculate Calculate
Rest of Calculate
_ Nas0 Sodtum Carbonate YES Halite
' vES :
Halite = ¢
1Ca+? Sodium NO -
Carbonate = 0 NA=+? Catculate
Rest of
Naa0
T
£s )
Calculate I
Calctte Catculate 50,5.002?
Rest of :
Cad
Calculate Fluorige = 0
Rest of YES Calculate
Thenardite
” Calculate YES
o Fluortte
Thenardite « ¢
1r0¥.002?7 '

Calculate
Zircon
Zircon = 0
RETURN
43
sTOP
NO
Call feld
START

TO paceE 2

Set T10, = 0 Set Fe0 = 0
Calculate Calculate
Rest of Rest of
FeQ T10,
Calculate Calculate
Ilmenite Iimenite

Ilmentte = 0

Calculate
Rest of
Na20

S

$5.002? NO
Calculate
YES Pyrite
Pyrite = 0
Calculate
Rest of
Fe0

Calculate
Chromite

Calculate
Rest of
FeO

Chromite o ¢




: IFROM PAGE 1 ' Albite = o _ }Anorthite = 0
) Ortheclase = 0 KeMetasilicates0
| STARY X,03.002? i
! 1,0,3.0027 Corundum » 0
* h {
T A1203<u1201
Calculate Set
2030 3:1:::::::. K-Metasilicate Al204 = 0 ftnd ::;::lan
NO ‘
f Calculate
set _ Jcalculate Calculate ::::u." Rest of
K-Metasiltcateso Orthoclase ::ﬂ.of o L
! Anorthite = 0
i Calculate
. Reot of
A150, ’
Corundum « o
|
. Set
| Nag0 = o
t
$ YES
Alzo3 .0027
Cal = 0 Cal = 0
Anorthite = 0
Calculate < Rutile = ¢
Rutite . T10,%.0027 Corendum » @
4
Calculate Calculate . lAcmite =9
A thit
Calculate Sphene = ¢ nor i Anorthite
Sphene
I ) i A
Calculate Calculate Na-Metasilicate=0
Fe0 = 0 Corundum Rest of
Ca0
Ca0 = 0 Corundum » 0
< Calculate
Ca0%.0027 Hematite
Hematite = 0
Calculate Calculate Magnetite = 0
Hematite =0 Magnetite Calculate
Sphene 9 Na-Metastlicate
4 . YES
- Calculate Acmite = 0
Rutiie = 0 ::1:";:“ Magnetite
YES
€0Fe,0,7 Fe,0,.0027
Calculate -
Rest of Mgo-o
Cal Celculate
l Na=Metasilicate |
RETURN
Feg0y= 0 Calculate Calculate
Rest of Acel te
] LIT )
N B .
V Fero Iy !
:I Calculate Calcvlate
L Jmas0 -0 l:-:unlllnu :"; of Acmite
. 230, -
START 70 PAGE 3 .




START Mol. Wt. Diopstde = 248 Kepheline = 0 Leucite = 0
” Mol. Wt. Hyperstheme = 13 Perovskite = 0
) -
|
I
livine = ¢
! ] 1 Xallophilite Ca-Metasilicate
* Calculate F1le-2 =0 -0
Ng0/Fe0 S = Fed {
Calculate | NQ Calculate
Rematning $10, RETURN r Sum of Oxtdes
as Quartz :
Calculate
olecl'nar Neight S
{opstide, YES
: i $10,<510 Calculate Sum of
| Molecular Welght Diopside = 216 °f2“.,: X Salic Minerals
. Molecular Weight Hypersthene = 100 sis calt
=0 Mo gh = Subroutine |
SS = mg0 + FeQ of.
Fl = .} l Calculate Sum
S5 = Mg0 of Femic
Calculate Minerals
- $10, used so far :
- START |
| Call Subroutfng
' . llolh:tonns =0 Diopside = O Wollastonite = 0 Print
Ca0s.0027 } ¥
' , Calculate sto, Quartz = ¢
used without
! NO ta0 = 0 — e Start
} ]
Calculate Calculate Calculate ol Calculate
a03ss? Diopside Rest of SS 1 Mypersthene I Hypersthene
Calculate
NO 0livine
bCalculate Hypersthene = 0 Calculate Calculate Hypersthene = 0
{Diopside a — ckels,t of Wollastonite L_"
2
‘ Print
Heading
’Calcuhte s * JCalculage
phene = 0 | Calculate Calculate
1§10, used $10, used
without Albfte ! Perovskite Olfvine
Perovskite = 0
Calculate Calculate l
~ (Rt ATb1te Nephe1ine Nepheline = 0
YES NO/
Calculate Recalculate Calculate Levcite = 0
excess of Lewcite Kaliophflite
$10; used ‘
Calculate *
Nepheline _ c;-mtnﬂiuu -
Calculate
Calculate
S10, used - Diopside = 0
so tar Ca-Metasilicate P ‘
Abite = 0 |
Calculate
} o etastitcate Wollastonite = 0 Kaliophilite = ¢
Cllculut: $10, ? . ’ | A *
used excluding . Calculate Calculate ) SIS |
Orthoclase olivine Olivine RETURK
Calculate
Leucite . NO ’
.‘pﬂ)z
[ Calculate H $10, 3:}‘:‘""
Diopside vine
Calculate P vatllable
Orthoclase T
Calculate
sw‘ used withowt
2 Dtepside Caleulate Vollastonfte = 0
Ca - Metastifcate
Calculate RETURN
Leuctite ]
i
Calculate Calculate
Orthoclase = 0 Calculate 510, Wollastontte Diopside T
used excluding ° End
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Figure 2

OMPILE RUN FORTRAN .

CIPW NORM CACULATION MAIN PROGRA¥

ODIMENSION N(2) :
COMMON N,NA,I1C,SIO,ALO,FEQ3,FE02,AMGO,CAO,ANAD,AKO,T10,P0,AMND,ZRO
+sCOsCLyFyS»CRO,ANTO,C00,SRO,ALIO,SIOL,ALOL,FED3L,FEO21,AMGOL,CADL,
ANAQ1 ,AKC1,T101,P0O1yAMNG1,2ZR0O1,C01ySO1,CL1+F1yS1+CRO1,ANIOL,COC1,
SROL,ALTOLs AP HL y THaPR4CM,ATL,FRyANC,CCoZ4yORyAKS ABAN,CyAC,ANS,AM
ToHMy SPyRUsR 9SSy SS19HY s AMKD I yAMWEY 3 AMWOL ,WO,D1,0L+SIOC,PF,ANE,ABL,
OR1+CS»011,GL1sALCySALGsFEMG,ALCL+SO,SI0CL+BAO+BAOLAKP,4Q,ySUM

CALL ACCESS

IF (N(2)) 2222,2222,2

CALL FELD

CALL FERO

IF(SIO1-SIOC1)73,1118,1118

- CALL OEF

SU™ = Sl0*ALO*FEO34AMGO+CAO+ANAO+AKO+TIO+P0+AMNO#ZRO+CO+SO+
CL+F+CRO+ANIO+COO+BAO+SRO+ALIO +S+FEQ2

SALG = Q+C+Z+0R+AB+AN+ALC+ANE+AKP +HL+TH+ANC

FEMG = AC+ANS*AKS+DI+H0+HYO0L+CSOAMT#CM+HM+AlL*SP*PF*RU+APOFRf
PR+CC :

CALL PRINT ‘
G0 T0 1 /
STGP

END \
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OMPILE RUN FORTRAN
SUBROUTINE ACCESS
DIMENSION N(2)

COMMON N,NA,IC,SI10,ALO,FEC3,FEQ2,AMG0,CAO,ANAG,AKO,T10,P0,AMNO,ZRO
+COsCL,FySyCROVANIO,COOySROVALIO,SIOL,ALOL,FEO3LFEQ2LsAMGULyCADL Y
ANAQO1,AKO1,T101,PO1,AMNC1,ZR01,CC1,S01,CL1,F1,S1,CRO1,ANIOL1,C001,
SRCO1,ALICL,AP+HL,TH,PRyCMyAILsFR,ANCyCCyZyOR,AKS,AD,AN,C,AC,ANS,AM
T'HM'SPVRUIR'SS'SSllHY,AMWDI,AMNHY,AMWOL,NO,D"OL'SI061PF'AN51ABIO
OR1+CS+DI1+OL1,ALCySALGIFEMGALCL1,50,SI0C1,BA0,BACL,AKP,Q,ySUM

READ 1,N(1),N(2),NA,IC
FORMAT ( 2A5,213)

[F (N(2)) 2222,2222,2221
STaop

READ 2,S510,AL0,FEO3,FEO02,AMGO,CACyANAG,AKO,TIO, PO.AMNO ZR0,€0,50,C

L+FySsCRG4ANIO,C00,BA0,SRO,ALIO
FORMAT (8F10.0)
SI01 = $10/60.
ALO1 = ALO/102.
FEO31 = FE03/160.
FEQ21 = FEO2/72.
AMGOl = AMGO/40.
CAGLl = CAQ/Sé6.
ANAOL = ANAG/62.
AKCl = AKO/94.
TIOlL = TI0/80.
POl = PO/142.
AMNO1 = AMNO/71l.
ZRO1 = ZR0/123.

CO01l = C0/44.
SC1 = S0/80.
CLl = CL/71.
F1 = F/38.
S1 = §S/32.

CRO1l = CRO/152.
ANIG1 = ANIOG/75.

€001 = C00/75.
BAOl = BAG/153.5
SRO1 = SRO/103.5

ALTIOl = ALIG/30.

FEO21 = AMNOl + ANIOl + FEQG21
CAC1 = CAQl + SRO1 + BACl
AMGOl = AMGO1l + ALIOL
IF(PO1-.002)3+354%
[IF(F1-.002)141,141,142
AP = pP01#310.

CAQO1 = CAQl1-3.=P0O1

GO YO 5

AP = PQOl#336.

CAQl = CAOQ1-3.3333=P01
F1 = F1=-.3333«P01

GO0 TO0 S

AP = Q.

IF(CL1-.0C2)646,7

HL = Q.

GO 10O 8

HL = 2.«CL1#117,
ANAQL1 = ANAGL-CL1L

IF{S01-.002)9¢9.10
TH = S0l1#142.

TN



11
13

12
14
16

15
17
18

19
21

22
20
23
24

25
27

26
30
29
28
31

32
33

ANAOLl = ANAQO1-S01
GO 10 11

TH = 0.
IF{S1-.0C2)12,12,13
PR = S1=6C.

FEGC21 = FEQ21-.5%S1
GO T0 14

PR = 0.

IF{CROLl - .002)15+15,16
CM = CRO1%224.
FEO21 = FEG21-CRO1

GO 10O 17

M = 0.
IF{TI01-.002)18,18,19
AlL = 0. \\
GO0 10 20 \

IF(FEQ21-TICO1)21,22,22
AIL = FEC21#%152.
TI0Ol = TIO1-FEO21
FEQ21 = C.

GG T0O 20

AlL = TIC1#152.
FEG21 = FEO21-TI01
TIC1L = 0.
IF(F1-.002)23,23,24
FR = 0.

G0 10 25

FR = Fl=78.

CAOl = CAQl-F1
IFINA)26+26,27

ANC = C0O1#106.
ANAQOl = ANAQ1-COl

CC = O.
GO Y0 28
ANC = 0.

IF(IC)29,29+30
CC = CO1=100.
CACl = CAO1-COl
GO TO 28

cCc = 0.
IF(ZR01-.002)31,31,+32
Z = Oo

GO 70 33

Z = IR0O1#183.
RETURN

END
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OMPILE RUN FORTRAN

SUBROUTINE FERQ

CIMENSICN N(2)

COVMMON N,NA,IC,SIO,ALO,FFC5,FEQ2,AMGO,CACyANAO,AKO,TI0, PO!AMNOVZRO
1CCeCLYT+SyCRUHANIQ,COOQ,SKILALIG,SI0LALOL,FEODO31,FEQ21,AMG01,CAOL,
ANAUlyAKCIyTIUlpPOI.AMNCIv’RUI.CUX:SUlyCLl'FlySl.CROlvAN[Ol,CGOl1
SRCLyALICI AP HL ¢ THePR4CY . 11 irn s ANC s CCyZyORyAKS yAB AN, CyACANS,AM
TyHMySPyRUsR 1SS SSIsHY s AMWD T2 AMWHY s AMWOL yWO9D] 9s0LoSIOCsPFeANE,ABIL,
CRY1yCS¢DI1yQLLJALC,SALGyFEMGIALCLyS04SI0C1,BADBADL AKP+QeSUM
IF(AMGO1-.002)643,643,644

R= AMG(Gl/FEQ21

[F DIVIDE CHECK 641,642

AMWD] 216

AMWHY 10C.

AMWOL 140,

Fl =
$S =
GO TGO

-1.
AMGC1
645

AMWD1
AMWHY
Fl =

SS =

AMWOL
GO 70
AMWD [
AMWHY

= 248.
= 132.

-2.
FEO21

= 204.

645
56e+2.#60e+{40.#R+72.)/(R+1)
(40.%R+72.)/(R+1.)+60.

AMWOL
Fl1 = C.
SS = AMGOl1l + FEOQ21
IF(CAQL1-.002)66+66465
IF(CAC1-S5)68,68,67

2.%(40.,2R+72.)/{R+1.)+60.

DI = SS#AMWDI

HY = Q.

SS1 = 0.

CAC1 = CAQ1-SS

WO = CAQ1=1l6.

GO TO 69

DI = CAQ1=AMWDI

SS1 = S§S-CAQ1

HY = SS1#AMWHY

caCl = 0.

W = 0. ‘ -
GO TO 69

WG = Q. )
0l = 0. '
GO TO 671

SICC = Z/183+SP/196.+4.#AC/462.+AKS/154++ANS/122.+6.5%0R/5564+6.%A

B/524.+2.#AN/278. +2.'DI/ANNDI+WO/116 +HY/AMWHY
sicclr = SI10C

IF(SI01-SI0C1)73,72,72

G = (SI01-SIOCLI*60.

oL = o.
PF = 0.
ANT = Oe
ALC = 0.
CS = Q.
AKP = 0.
RETURN

END
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OMPILE RUN FORTRAN
SUBROUTINE FELD
DIMENSION N(2)

COMMON N,NA,IC,SI0O,ALO,FEQ3,FEQ2,AMGO,CAQ,ANAC,AKO,TIO,P0yAMNDO,ZRO
+CCyCL,F,S,CRO,ANIO,COOQySRO,ALIOC,SIOL,ALOL1,FEO31,FEDC21,AMGOL1,CAOL,
ANAO1,AKC1,T7I01,P0O1,AMNC1,ZR0O1,CC01,S01,CLY,F1,51,CRO1,ANID1,C001,
SROL+ALIC1yAPsHLsTHsPRyCM,AILFR,ANCy»CCyZy0ORyAKSyAByAN,C»AC,ANS,AM
TyHMySPyRUSRySSySS14HY , AMWD I y AMWHY , AMWOL 9 W0,DI1,0L,SIOC,PF,ANE,AB1,
OR1,CS,D11,0L1,ALC,SALG,FEMG,ALC1,S0,SI0C1,BA0,BAD1,AKP,QySUM

IF(AKO1-.002)34,34,35
GR = Q.
AKS = Q.

GO TO 36

IF{ALO1-AKO1)37,37,38
OR = ALO1®556.

AKS = (AKQL-ALOl)*154.
ALCl = Q.

GO TO 36

OR = AK(O1#556.

ALCl = ALCO1-AKQOL
IF{ALO1-.002)39,39,40
IF(ALO1-ANACL)41,41,42
AB = ALO1#524.

ANAO1l = ANAO1-ALO1

AN = O.
C = O
GO 710 49

AB = ANAC1%524.

ALOl = ALO1-ANAQ1
ANAOl1 = C.
IF(ALO1-.002)43,43444
AN = Q.

C = 0.
AC = 0.
ANS = 0.
GO TO 45

[IF(ALO1-CAQ1)47,47,48
AN = ALO1=278.

CAQCl1 = CACl-ALOl

C = 0.

GO TO 46

AN = CAO1=278.

C = (ALO1~CACl)=102.
CAO1 = 0.

GO TO 46
AB = 0.
AN = 0O,
c = 0.

IF{FEQ31-.002)50,50,51
IF(FEO31-ANAQ1)521+5214531
AC = ANACl®=462.
FEC31 = FEG31-ANAOL
ANS = 0.
ANAGC1 = O.
GO TO 45
AC = FEO31=462.
ANAQ1 ANAO1-FEO31
FEC31 Ce.

ANS = ANAOLl = 122,

[}



50

45
54

55
57

58

56
571
59
63

60

581

62

64

GO 1O 45
ANS = ANAC1*]122.

‘AC = 0.

ANAGL = C.
IFIFEO31-.002)54,54,55
AMT = Q.

HM = 0.

GO T0 56
IF(FEO21-FEO31)57,58,58
AMT = FEC21%232.

HM = (FEC31-FEQ21)%160.
FEC21 = C.

t

GO T4 56
AMT = FEC31%232.
HM = Q.

FEGC21 = FEQ21-FEO31
IF(CAO1-.002)581,581,571
IF(TIOL1-CAQL1)60460,59
SP = CAQ1#196.

RU = (TIC1-CAO1)=80.
CAC1 = 0.

GO TGO 64

SP TIO1#196.

RU = 0.

CAQ1 = CAQ1-TIO1

GO 7O 64

SP = 0.
IF(TI01-.002)62y62,63
RU = Q.

cacl = C.

RETURN

END

]



1113
1114
1115
1116
1117
1118

WO = O.

SIOCL = Z2/183.+4.%AC/462.+AKS/154.+ANS/122.42.#AN/278.+0L/AMWOL+
CS/172.+2.%ANE/284%.

SIGCL = SIQ1-SIOC1

ALC1 = ((SIOC1-2.#ALC/436.)/2.)%436.

AKP = ((4.2ALC /436.-SICC1)/2.)%256.

ALC = ALC1
GO TO 1118
PF = 0.
ANE = Q.
ALC = 0.
CsS = 0.
AKP = Q.
RETURN

END
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OMPILE RUN FORTRAN

SURRCUTINE DEF

DIMENSION N(2)

COMMON N,NA,IC,510,ALO,FEO3,FEO24AMGO,CAOyANAD,AKO,TIO,P0OyAMNG,ZRO
+CCyCL,F,S,CRO,ANIO,COO,SRO+ALIO,SIO01,ALOL1,FEO31,FEO21,AMGO1,CAOL,
ANAO1,AKC1,TIO1+P0O1,AMNC1+»ZR0O14CO14SO1,CL14F1+yS1,CROL,ANIOL1,CCO1,
SRO1,ALIOLl4APyHL,TH,PR,CM,AIL,FR,ANC,CC,y2Zy0RyAKSyAByAN,C,AC,ANS,AM
TyHMySPyRUsR9ySS»SS1yHY, AMWDI s AMWHY ) AMWOL yWO,DI,0L,SIOC,PF,ANE,AB1,
OR1,CS,011,0L1,ALC,SALG,FEMGyALC1yS0O,SI0C1,BAO,BAC1,AKP,Q,SUM

Q = 0.

SICC1 = SICC1-HY/AMHWHY

IF{SI0O1-SICC1)74,75,75

IF(SIO1-SIOC1-.5%5S51)T4474476

HY1L = (2.#(SI01-SI0C1)-SS1)*AMWHY

OL = (SS1-HY1/AMWHY)®=AMWOL/2.
HY = HYl

GO 70 1113

HY = 0.

OL = SS1=AMWOL/2.

PF = 136.#SP/196.

SICC1 = SIOC1-SP/196.

SICC1 = SIOC1-6.%AB/524.+0L/AMWOL
IF(SIO1-SICC1)T7,77,78
IF(SIO1-SICC1-2.#AB/524.)77479+79

ABl = ((SI01-SI0C1-2.%#AB/524.)/4.)#%524.
ANE = (AB/524.-ABl1/524.) »284.

AB = ABl

GO TO 1115

ANE = (AB/524.)*284.
AB = o.

SIOC1 = SIOC1-6.#0R/556.+2.%ANE/284.
IF{SI01-SI1I0C1)80,80,81
IF{SI01-SI0C1-4.#0R/556.)80,82,82

OR1 = (SI01-SI0C1-4.*0R/556.)/2.
ALC = (OR/556.-0R1/556.)%436.

OR = 0OR1#556.

GO TG 1116

ALC = 436.%0R/556.

OR = 0.

SIOC1L = SI0C1-W0/116.+4.2ALC/436.
IF(SI01-S5S10C1)83,83,841
IF(W0/116.-(S101-S10C1))83,84,84

CS = (WO0/116.-(SI01-SI0OCl))=172.

WO = (WO/116.-2.#CS/172.)%116.

Go TO 1117

SICC1 = SIOC1-2.#DI/AMNWDI

DI1 = (2.#(SI01-SIOC1)~0I/AMWDI-(DI/AMWDI+WO/116.))/2.
Ll = ((CI/AMWDI-DI1)/2.)=AMWOL

CS = (DI/AMWDI+W0O/116.-D11)/2.

CS = CS+172.

IF (2.#DI1 +2.4CS/172.42.#0L1/AMWOL-2.#(SI01-SI0C1))87,87,85
oL = 0OL+0L1

DI = DI1=AMWDI

GO 70 1117

OL = CL + AMWOL*DI/(2.=AMWDI)

CS = 172.201/(2.%AMWDI) ¢ 172.#n0/(2.%116.)

DI = 0.
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CMPILE RUN FORTRAN

SUBROUTINE PRINT

DIMENSION N(2)

COMMCON NoyNAIC,SIOyALO,FEOC3,FE02,AMGO,CAO,ANAO,AKO,TIO,P0O,AMNO,ZRO
+CCyCL4F,S,CRO,ANIO,CO0O4SRO»ALIO,SIOLl,ALOL,FLO31,FEQ21,AMGOL,CADL,
ANAQl;AKC1,T7TI01,PO1,AMNC1,ZR0O1,C01,501,CL1,F1,+,S51,CRO1,ANIOD1,COO01,
SRO1,ALIC14yAPyHL yTHyPRyCM,AIL,FRyANC,CCyZyORyAKSyAByANsC+AC»ANS,AM
TeHM,SPsRU»R+SSySS1yHY s AMWDI yAMWHY y AMWOL 4WO,DI,0L,SIOC.PF,ANE,ABL,
CR1,0SyDI1,0LY,ALCySALG,FEMG,ALC1,50,SI0C1,BA0,BAOL,AKP,QySUM
PRINT 1119yN{1),N(2),S1GC,ALO,FEOQ3,FE02,AMG0,CAD0,ANAD,AKC,TIO,PO
FORMAT({1H1552X, 18HCHEMICAL ANALYSIS ,2AS5/1H /1H /
SOXe4HSIC2,12X,F6.37/50X+5HAL203,11X,F6.3 /

50Xy S5HFE203411X,F6.3/50X,3HFEOQ,13XsF6.3/

50Xe3HMGC 413X, F6.3/50X,3HCAC,13XsF6.3/
50X94HNAZ20s12XyF6.3/50X,3HK20,13X,F6.3/
S50Xy4HTIC2912X,F6.3/50X,4HP205,12X,F6.3)

PRINT 1120,AMNO,ZRO,C0,S0,CL4yF4S,CRO,ANIO,C00,BAQ,SRO,ALIO,SUM
FORMAT( SOX93HMNOy 13X+ F6.3/50X9s3HIZR0s13X9F6.3/
50Xy3HCO02413X4F6.3/50X43HS03,13X,F6.3/
50Xe3HCL2,13XyF6.3/50X,2HF2,14X,F6.3 /

50Xy 1HS 115X, F6.3/50X,5HCR203,11X,F6.3/

50Xy 3HNICy13XyF6.3/50X,3HC00,13X,F6.3/ 50X,3HBAC,13X,F6.3/

50Xy 3HSRO»13XyF6.3/50Xy 4HLI20512X9F6.3//750X93HSUM,12X,F7.3/1H0/1HO
)

PRINT 1122+Q+CyZ+0RyABsAN,ALC

FORMAT(1H1,56X,9HCIPW NCRM/S54X,16H(WEIGHT PERCENT)/1HO/55X,
11KSALIC GRGOUP/

44X, 6HQUARTZ,21XyF6.3/

44Xy BHCORUNDUM, 19X+ F6.3/

44Xy 6HZIRCON921X,F6.3/

44X, 10HORTHOCLASE,17X,F6.3/

44X, 6HALBITE21X,F6.3/

44X 9 GHANCRTHITE 18XyF6.3/

44X, THLEUCITE,20X,F6.3)

PRINT 1123,ANEyAKP4HL,TH,ANC,SALG

FORMAT{ 44Xy 9HNEPHEL INE,18X,F6.3/

44X, 12HKALIOPHILITE,15X,F6.3/

44X 6HHALITE 4 21XyF6.3/

44X, 1OHTHENARDITE,17X+F6.3/

44X,16HSODIUM CARBONATE11XyF6.3//56X,3HSUM2XyFT7.3/1H0/1HO0)
PRXNT_11241AC1ANS'AKSrD[1N0,HY10L9CSQAMT

FORMAT(1H +55X,11HFEMIC GROUP/1HO/

44X 6HACMITEs21XsF6.3/

44X 4 19HSCDIUM METASILICATE,8X,F6.3/

44X ,22HPCTASSIUM METASILICATE,S5XyF6.3/

44X, 8HDICPSIDE)19X+F6.3/

44X, 1 2HWCLLASTONITE 15X ,F6.3/

44X e L1IHHYPERSTHENE 16X, F6.3/

44X, THOLIVINE,20X,F6.3/

44X 4,21HCALCIUM ORTHOSILICATE6X9sF6.3/

44X, 9HMAGNETITE, 18X,F6.3)

PRINT 1125,HM,AIL,SP,PF,RU,AP,FR,PR,CCyCM,FEMG

FORMAT( 44X BHHEMATITEs19X,F6.3/

44X, BHILMENITE,19X,F6.3/

44Xy 6HSPHENE 21X 4F6.3/

44Xy LOHPERCVSKITE,17X,F6.3/

44Xy 6HRUTILE 921X9F6.3/

44Xy THAPATITEY20X,F6.3/

44X, BHFLUCRITE,19X,F6.3/



1126
1131

1127
1128

1129
1130

3333

Delie B0

44X y6HPYRITE21X,F6.3/

44Xy THCALCITE, 20X,F6.3/

44X, BHCHROMITE 19X F6.3//56X¢3HSUM2X,FT.3)

IF (1+F1)1129,1127,1126

PRINT 1131,R

FORMAT(1H /1H /10X,52HRATIO MGQ/FEQ IN HYPERSTHENE DIOPSIDE AND OL
IVINE = ,1PE12.4)

GO 70 3333

PRINT 1128

FORMAT{1H /1H /10Xs43HNC IRGN IN HYPERSTHENE OIOPSIDE AND OLIVINE)
GO TQ 3333

PRINT 1130

FORMAT(1H /1H /10Xys48HNO MAGNESIUM IN HYPERSTHENE OIOPSIDE AND OLI
VINE)

RETURN

END

ULTIFILE END



Figure 3

Chemical Analysis 41

SiO2 55.140 CO, 0.000
Al,O4 0.660 SO3 0.000
Pe203 3.480 Cly : 0.000
FeO 4.730 F,y 0.000
MgO 26.660 S 0.000
CaO 8.390 Cr O3 0.250
Na,O 0.300 Ni%) 0.110
K28 0.000 CoQ: 0.000
TiO2 0.000 BaO 0.000
P705g , 0.230 SrO 0.000
MnO 0.030 LipO 0.000
ZrO 0.000

Sum 99.980

CIPW Norm

(Weight Percent)

Salic Group Femic Group
Quartz 1,669 Acmite 0.000
Corundum 0.000 Sodium Metasilicate 0.000
Zircon 0.000 Potassium Metasilicate 0.000
Orthoclase 0.000 Diopside 32.670
Albite 2,535 Wollastonite 0.000
Anorthite 0.000 Hypersthene 57.409
Leucite 0.000 Olivine 0.000
Nepheline 0.000 Calcium Orthosilicate 0.000
Kaliophilite 0.000 Magnetite 5.046
Halite 0.000 Hematite 0.000
Thenardite 0.000 Ilmenite 0.000
Sodium Carbonate 0.000 Sphene 0.000
Sum 4,204 Perovskite 0.000
Rutile 0.000
Apatite 0.000
Fluorite 0.000
Pyrite 0.000
Calcite 0.000
Chromite 0.000
Sum 95.125

Ratio MgO/FeO in hypersthene diopside and olivine = 1.4542E 0l




