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SUMMARY

Three programs are described. The first, CIPWNORM, computes
the CIPW norm and a number of petrochemical indices, and also computes
and plots values for a number of triangular and tetrahedral diagrams
of petrological importance. The second program, NIGGBART, computes
Nigeli values, the Niggli 'basis' (an intermediate step in the calculation
of any of the Niggli-Barth norms), and the Barth 'standard cell' (useful
in studies of metasomatism). The third program, ZAVSKY, computes para-
meters devised by Zavaritsky, and plots their values on the orthotetra-
hedral projection which has now become standard in Russian petrological
literature. '



DATA PREPARATION

The format of silicate analysis data on 80-column punched
cards is identical for all three programs. An eleven-column identific-
ation field is followed by 14 four-column fields containing analysed
values for the major oxides usually determined, and a five-column field
optionally containing the total. The last eight columns on the card are
free, and may be used for any comments or identification for sorting

purposes,

(a) Identification field., The first 8 columns are occupied by the
standard BMR registered number (of the format yy pp ssss, where yy are
the last two digits of the year of sample submission, pp is a unique
project code within that year, and ssss is a serial number assigned by
the geologist). If the analysis is extracted from the literature, or

any other source outside the BMR system, any alphanumeric label may be
inserted in this space. The 9th column is reserved for a fraction letter
(if any) indicating that separate portions of an original sample have been
analysed independently. Columns 10 and 11 are filled in only if the
analysis is to be included in the BMR geochemical data storage system,

in which case the number 20 is inserted.

(b) Analysis fields, Chemical data are inserted in the format bbaa or
Obaa where b represents a digit before the decimal point, and a represents
a digit after the decimal point. The numbers inserted are weight percent
of the oxide in every case. Data are inserted in the fixed order 3102,
Ti02, Al203, Fep03, FeO, MnO, MgO, CaO, Na20, K20, Pp0s, Hy0(+), Ha0(=),
C02., If data for any oxides are missing, blanks may be left in the
appropriate columns. If data for total H,0 are quoted, the value may be
coded in the H20+ columns; problems arise, however, if iron is quoted
simply as 'total iron as Fep0z' or 'total iron as FeQ'; since the oxidation
ratio of iron significantly agfects the CIPW norm and many of the other
parameters, If this problem is encountered in an analysis of a volcanic
rock, it may be useful to apply the transformation suggested by Irvine and
Baragar (1971); Fey03 = Ti0p + 1.5, and correct the FeO value accordingly.

(c) Total. This field is optional, but if the total is not filled in,
colums 68=72 must be left blank. The format is bbbaa, the decimal point
being assumed after the third digit.

CIPWNORM

(a) Purpose |

CIPWNORM is a FORTRAN program for the CSIRO CDC 3600 computer,
to calculate CIPW norms from chemical analyses of igneous rocks; it also
computes the Solidification Index (Kuno et al., 1957), the Differentiation
Index }Thornton & Tuttle, 1960), the Peralkalinity or Agpaitic Index, the
potash/soda ration, total iron as weight percent szo?, calculated density
(based on mineral densities quoted by Berry & Mason, 1959), and data on
various three-component systems (quartz-albite-orthoclase, quartz-plagioclase-
orthoclase, orthoclase-albite-anorthite, Ky0-Naj0-Ca0, wollastonite-
ferrosilite-enstatite, iron-magnesium=-alkali, and quartz-nepheline-olivine).
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Optionally, plots of these various triangles may be obtained on the line-
printer for each batch of analyses processed, and graph-plotter routines
optionally give accurate plots of urthoclase-albite-anorthite triangles
and either iron-magnesium-alkali or quartz-albite-orthoclase triangles,
plus orthoclase-albite-anorthite-femics tetrahedra and either iron-
magnesium-alkali-quartz or quartz-albite-orthoclase-corundum tetrahedra.
All triangular and tetrahedral data are computed in terms of weight
proportions,

(b) Program Operation

The program reads a chemical analysis, optionally including
trace element data, and computes the norm by a method analogous to hand
computation, using FORTRAN 'IF' statements to determine the choice of
minerals formed, according to the presence or absence of an element at the
current state of computation.

Triangular and tetrahedral data, together with the other indices,
are then computed, and the results for each sample printed on a single
page of lineprinter output. Triangular and tetrahedral data are stored on
scratch drum units for plotting at the end of the run.

The program is listed in Appendix A, and examples of the printout
and plots are shown in Figures 1-4.

(¢) Treatment of trace element data

The elements F, S, €1, V, Cr, Co, Ni, Cu, Zn, Rb, Sr, Zr, and Ba
may be included in the norm computation if desired. Their treatment is
described below.

F and Cl are incorporated into apatite. Any excess F is made into fluorite,
and after this, if there is any excess Cl, it is made into halite.

V is combined with szoj.

Co, Ni, and Cu are combined with FeO,

Cr is used to make chromite.

Zn is used to make sphalerite if there is sufficient sulphur,
any excess Zn being combined with FeO. Any excess sulphur
is used to make pyrite.

Rb is combined with KZO'
Sr is combined with CaO.
Zr is used to make zircon.

Ba is combined with K20.

(d) Input Cards

Job deck structure is given below.
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*JOB, chargecode, ident, timelimit (total time in minutes)
*EQUIP, 1=PL, 2=PL, 3=PL, 4=PL
*FIN, L, X
Fortran deck inserted here
*LOAD
*RUN, timelimit, printlimit (run time in minutes)
TRIANGLE (from col.33 4if lineprinter
plots of triangles required)
PLOTTRIA (if graph-plotter plots of
triangles required)
TETRAHED (if tetrahedral plots
” required)

blank card insertedhhere if trace element cards to be included.

Chemical analysis cards inserted here. Standard silicate analysis card
followed by an optional trace element card, for each sample,

gEOF (7 overpunching 8 in column 1)

*EOD

Notes

(i) Total time = run time + 4 minutes.
Run time = n/10 + 2 minutes, where n is the number of samples.
Print limit = 60n + 500 lines.

(i1i) On PLOTTRIA card: if an accurate FMA triangle is desired, leave column
12 blank; if the Q-Ab-Or triangle is desired, punch a 1 in column 12,

(1i1) On TETRAHED card: if an MMA-quartz tetrahedron is desired, leave column
12 blank; if a Q-Ab-Or-corundum triangle is required, punch a 1 in column
12.

(iv) Format of the optional trace element card is similar to the major oxide
card. '

Columns 1-8 : registered number
Column 9 1+ fraction letter
Columns 10-11: blank

Columns 12-63: trace element data in fields of four columns each. Values
are quoted in integer numbers of ppm, right justified within
the field., If values above 9999ppm occur, they are quoted
in weight percent of the element, with the decimal point
explicitly coded (e.g. 1.23, occupying all 4 columns).
Elements are coded in the order F, S, C1, V, Cr, Co, Ni, Cu,
Zn, Rb, Sr, Zr, Ba. =,
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NIGGBART

(a) Purpose

Program NIGGBART computes Niggli values, the Barth 'Standard
Cell', the Basis (of the various Niggli norms), and data for plotting the
four triangular diagrams, Q-1-M, Q-Kp-Ne, K-Na-Ca, and Fe-Mg-Ca (the last
two are not the normal ternary diagrams but represent the element contents
in aluminosilicates and in alumina-free silicates respectively). All the
computation methods are given in detail by Burri (1964). Optionally the
program plots the triangles on the lineprinter and graph plotter.

(b) Program Operation

The structure of the program is very simple, with the Niggli values,
Barth Standard Cell, and Niggli Basis computed consecutively for each samplej
scratch drum storage is used for retention of triangular diagram data until
the end of the job, when triangles are plotted if desired. A listing of the
program is given in Appendix B.

(o) Input Cards
Job deck structure is given below.

#JOB, chargecode, ident, timelimit
*EQUIP, 1=PL, 2=PL, 5=60

*FTN, X, L
Fortran deck inserted here

*LOAD
*RUN, timelimit, printlimit

TRIANGLE (1f tri;ngular plots required; start in
col., 3

Silicate analysis cards inserted here

7
8EOF

*EOD

Notes

Total time = run time + 2 minutes
Bun’ time = n/20 + 1 minute

Print 1imit = 60n + 250 lines
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ZAVSKY

(a) Purpose

This program computes Zavaritsky parameters (Zavaritsky, 1950,
19643 Coats, 1968) and plots their values on the orthotetrahedral projection
proposed by Zavaritsky and now generally adopted in the Soviet petrological
literature, The method of calculation is given by Zavaritsky (1964), and
Coats (1968) provides a rare example of the use of the method in the English-
language literature. ¥ B

The parameters are divided into four 'principal’ numbers and ten
'supplementary' numbers. The principal numbers, a, ¢, b, and s sum to 100,
and have the following significances

a is the relative number of alkali atoms combined with aluminium (i.e.
in aluminosilicates)

¢ 1is the relative number of calcium atoms combined with aluminium
(i.e. in aluminosilicates)

b is the relative number of all the remaining metal atoms, excluding
Silicon and titanium and not combined with aluminiumj it includes
any aluminium excess over alkalis and calcium or any excess of
calcium and alkalis over aluminium.

8 1is the relative number of silicon and titanium atoms.
There are ten supplementary numbers (or 'mumerical characteristics'):

f', m', and ¢! represent the proportions of iron, magnesium, and calcium
respectively in simple silicates

n represents the ratio of sodium atoms to the total number of alkali
atoms

t indicates the content of titanium
¢ represents the amount of ferric iron in simple silicates

Q indicates the excess (if positive) or deficiency (if negative) of
free silica

In rocks with an excess of aluminium over alkalis and calcium, c' is replaced
by a value a' which indicates the surplus of alumina over that required for
alumino-silicates,

In rocks with an excess of sodium, the value n' is obtained, indicating
the sodium excess after formation of aluminosilicates and ferrisilicates
(e.g. aegirine). If there is an excess of alkalis over aluminium, the
value of ¢ becomes negative, and an additional parameter, G, indicates the
number of excess alkaline atoms,
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The principal values a, ¢, b and 8 may be plotted in a tetrahedron;
each rock composition may be represented by its projections on to two of
the triangular facies, and Fig. 5 shows the conventional presentation of
this plot as suggested by Zavaritsky. The equilateral triangles are trans-
formed to right-angled isosceles triangles for ease of plotting.

Supplementary characters may also be indicated in the same diagram
by vectors constructed from the plotted points x4 and xj.

The veotor on point x{ represents the alkali relationships (Fig. “a),
its length being proportional to total alkali content, and its direction
depending on the K/Na ratio.

The vector on xp indicates the relationships in the f'm'c?! or f'm'a’
gystem, and its construction is illustrated in Fig. 6b. The end of the vector
is the point within the appropriate triangle at which the rock composition
plots,

(b) Program Operation

For each silicate analysis input, the program computes the
Zavaritsky values exactly as directed by Zavaritsky (1964). Soratch drum
storage is required to store the values until the end of the job, when
the orthotetrahedral diagram is plotted.

(¢) Input Cards
Job deck structurs is given below,
?JOB, chargecode, timelimit
#EQUIP, 1=PL, 5=60
#FIR, X, L
Fortran deck inserted here

#LOAD

'#RUN, timelimit, printlimit

Silicate analysis cards inserted here

7
gEOF

#EOD

NHotes

Total time = rum time + 1 minute
Run time = n/30 minutes
Print 1limit = 40n lines

There is no limit to the number n of analyses that can be processed in
one run, but the diagram can look very crowded if more than about 20
rocks of similar composition are included.
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APPENDIX 1

Listing of program CIPWNORM and the subroutines TRIGDIG, TRIGPLOT, and
TETRP1OT.

TRIGDIG and TRIGPLOT are used also by program NIGGBART,
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PROGRAM CIPWNORM
TO CALCULATE THE CIPW NORM QOF A HOCK FROM A SILICATE ANALYSIS

unl??ru aV_ . n unur‘nm

- 300 EORMATL{2A8)-- 2 NS

LERLIS 05 S = L AR T

c

J n

C REVISED BY S,HENLEY BMR 1971 TO INCLUDE TRACE ELEMENT AND TRIANGULAR
- G - DIAGURAM—+ RATLG DATA.- - AM—-RATHOSARE N WEIGHT RERGENT,—

c
£

o - - — -

UIMENQION IELH{Z&):HINL(49T:T(£7)

n!MEMl:- O Mrr‘n thL

lMTEGFR 21
DAYA (IELM- 6HS5]02 ,6HTI02 ,6HAL203 ,6HFE203 ,8HFED .6HMNO ’
4 - o - AHHGO-  — HHECAD - SHNARD S HHKRD— — OHP2DS5. -y EHH2N L 4) .,
2 6HH20(=) ,6MCU2 s6RTOTAL ,6HF » 6HS » 6HCL )
4 6HRB » 6HSR »6HZR y6HBA )
= —BATA (M N AHOUARTZ —— BHAGMITE— BHCORUNDUM, BHZIRGON- 4 - —-
1 BHWOLLASTO,B8HNITE +8HORTHOCL A, 8KHSE ,BHDIOPSIDE.
nmmm—m—%-——~-wwm1w*9-w——7&#&&H%—ﬁ@ﬁ8+~—~—Twuﬁmnm+%ﬁwen~———ﬂ—-
3 8HF S » BHNEPHEL IN, BHE ¢ BHHYPERSTH, BHENE '
5 BHHALIIE ,BHEA s BHMAGNETIT,8HCHROMITE, BHHEMATITE,
= w0 @ o QHFEMEATEAHHPLAE : ,
7 8BHPEROVSKI, BHTE +BHCOLOUR 1,8HNDEX IS jBHAPATITE ,
Ce e B - - BHF YR TR AP Y R TE—— B HEAL G T B 8 HB ARSI TE - BHWITH
9 8HSPHALERI , BH ) 8H +BHTOTAL s 8H )

A ORMAT DM B D A R A LG A
15 FORMAT (2X,AB,1X,14F4.2/11X;13F4,4)

30 FORMAT (1HM1,60X,8HPAGE NU,,16)
AU FORMATAIH BXy G RN NORM OF  SAMPLE N0 oy AR s

50 FﬂHWAT(lH':9X-“SlLlCATF AHALYSI&* 26X, *FEM]C CONSTITUFNT5¢,29X,*SA

2%PERCENT=,4x, #COMPUNENT PERCENT®,16X, *MINERAL#,8X, *PERCENT #)
o FORMATALONy A6y Doyt Tv 2y b X 2AB K61 274% 7 ABIXrF T 1 2+ 16X, 2AB4F6,2)

65 FORMAT(LOX A6+4X,F7.4,11X,2A8,F6,2)
e 8O R QRMAT ALKy A by bRy b T 2y LNy 2 A F 642 3BX, 2AB F 642 ) — — - -

9U FIRMAT (10X, A6,4X,+7.2,37K,ABs3X,F7,2,16X,248,F6,2)

70 FORMAT(38X,2A8,F6.2,/38X,248,F6.2)

110 5 ORMAT(//20%,8TRIANGULAR DATA DIAGRAMa,///  7X480 = BLAG .= ORs,
15X, #K20 - NA20 - CAOs,

4 SX,8W() = F§ = EN#,30X,2PLAGIOCLASE = AN#,10X,F6.,2
20/1HU'6x0
J1LX,F6.2,/77%,#PLAG2,F9,2,5X,; #*NA2U#,F12,2,5X,#FS*,F10,2,/7X,*0Rs,
4F11,.2,5X%,8CA08,F18.2,5%,#ENa F10,2,30X,2CALC, CENSITY®,12X,F6,2)
120 FORMAT(//88X,#S0LIDIFICATION INDEX®,6X,F6,2,/7X,%Q - AB =~ ORe®,5X
- .- - 4148U0R = AR = ANR,5X,&F e .M _= A% 5X,s0L = Nt = Q#,13X,sTHORN
2TON = TurrLe-,/aax.uUIFFtRENTlATIOE IMDEX#*,5X,F6.,2)

1¢PERALKALITY [NDEX®,9%,F6.2,/7X,*AB%,F11,2,5X,%AB%,F14,2,5X,8Ms,

--------- 2611,2,5%,81E®, F10.2,13%,2K20/NA208,18XF6,2, /72X, 80R®,F1142+5%, 24N

3:F14.2, 5¥,wAs, F11.2;5X.'Q*,F11 d,lSX #TOTAL FE AS FEO' 11X,F6.2)

31N 1 JKLMN=D
I THR=0

18LANK=8H
— e 1CU=14

ITRIG=8HPLOTTRIA
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TETRAZBHTETRARED
IITRIA=IITRIG=0

CABO=8HAUARTZ
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LABCO=8HCORUNDUM

tABA=BHALBITE

LABO=8HORTHCLSE

}H“

AUP e BHPLAGCLSE"
LABANzBHANORTHTE

tABK=8"—¥K20
LABN=8H NA20

tABC=8tH—CAD—
LABW=8H Wo

tABF=BH—FS

LABE=8H EN

LABAA=gH ALKALI

AT SHIMAGNES TA

LAHBSI=8H S|I02

__HI‘JAI e Al afl=
TR S0 (o] *4=r )

———————————TRHATBHIRIANGLE

" LABFM=8H FEMICS

JKL=0
MRAOE w4
AASRE R £ =R 3

320 CONTINUE

IF (ICDyEQ.27) 330 ,340

TETUUE

331 READ 10, NAHE;(T(J) J=1:lCD)

332 READ 15,NAME,(T(J),J=1,1CD)

340 READ 20 , NAME, (T(J),J=1,1CD)

350 IF (NAME,EQ,ITRIA)390 ,360
&4—4F—+N#NETE%

lTle‘l.‘.ﬂe X720

TV

370 IF (NAME,EQ,TETRA) 380,385

: 0
B -

386 ITHR=1

oA _T0 - 430
ST T TAY

380 ITET=1

e H T 00 NOROsS

390 IITRIA=1

GA_T0-_ 4410
o —ro— 3

400 IITRIG=1

© GO TO 410

GO TO 320

420 MAMETEQHBEAN—430—440—

430 JcDh=27

LGoA-JT0-X2n0
U TV VRY

440

CONTINUE

1l el od 1
V[\l-&VT\T- o

- SUM=0,0

IIA dan 1l ad ol

-B—456 TeLTiIOuY

IF (1,NE,12,AND, I NE,13) SUMESUMeT(])

LaMT l AL
VIV

NV

‘DO 455 I=1,ICD
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EQ,12,0R.1.EU.13) 455,458
l)llﬂﬂ /SUM

=

(
)

1/760,06

Tl-?ln\l’ﬂ g

LAJ

IF (1,E
T(1)=T¢
5ot F

SI1=T(1

T IYYY

ALET(3)/101,94
i £33T443/159 68

F2=T(5)/71,84

rum-flz\;1n Falie 2

O7TFTUTIO

FMG=T(7)/40,32

FA-TIB\IE& F-W-1

U7 20500
ZHA T(9)/61,99
*vm——*—m———¥K=4+i9+f94.1?

P=T(11)/141,96

Fal T L 4 AN 4 A A
€=+ {47440t

TF = T(15)/19.0

S TG T 6432056
TCL = T(17)/35.457
S T TAEB 450595

TCR = T(19)/52.01

TENI= T(21)758.69
e, oo TPEAs TLOAYSES. A

TFZN= T(23)/65.38

TSR = T(25)/87. 63

T?D = 1v~

TBA = T(??)/137 36

CA=CA+TSR
Aol J

FMG=FMG+TFN]

=2 . TECN GO MN TS L
=Tt ot TN o

YK=YK+TRRB

y g_nmn-. Tllﬂ\:f
LA B S B¢ i

PERIND (YK+ZNA

EX=F3,TV
3 =4 1+—v—

)

/AL

PRINT 30 ,NPAGE

NRAGESNRAGE+1

460 CONTINUE

BO—465 o0
45160

465 IF (l NE 12,AND, I NE,13) T(I¥=T(1)®SUM/100,

POR= n n

Ty

Z1R= CHR Fl.U=PYR=SFPHAL=HAL=BAR=W|TH=0,0

[F4TZR)-480 480470
470 ZIR=TZR#1,5

Ll—l’l ITnan B

o | L] LI LA TRalt A ey

480 IF (TCR) 500 ,500 ,490
o 490-CHR=TCRS2+0

F2=F2=-CHR

ng LE(TFAS 40 540 510
24— -2 8 — 2

510 IF(TF=-P#0,1)530 ,230 ,520

590 TE=TEm( 18R
= ) & A 2 4 Rl B ) ¥

-POP=TF

El U=Tral. 5
evy=rrYar2

CAZCA=TF#0,5

1£=20.6

GO TO 540
— 530 TF=23.5

PAP=0,0

- 546 LF(TCL 5605601550 _
550 TCL=TCL=POP

e e il e e v ——— e = e — 40— —T——— o S 5=
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HAL=TCL®»2,0
ZﬁA=ZNA TCL
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— S5 P TN 5705

570 SPHAL=TZN#2

LY
~
=1

0

=]

s F-TOR XS 5 ¥V
TaSTawTLWN

GO TO 590

3880 -5PHALeTS#D

TZN=TZN=TS

E | e WY
2+ TN

590 CONTINUE

600 YK=YK4THA

610 PYR=TS«1,5
_ﬁeﬂ—JQ-uva

IF(F2-T1)630,640,0640

Lers A

630 % =2

‘TI=ETI=F2

E2el)

re%us
GO TO 650

MYl =T1%

[ 3
.

<

NI

F2=F2=TI

Tllh

N !: -

650 AP=P

A=CA=3338p —
IF(C=0,)660,660,670

N Ccoan
WoOoOWLTWR

Go TO 680

DR e

Fa
v vuTu

CA=CA=C

680 FHAL=YK) 69057005760

690 POR=AL .

ﬂll-uﬂ Al

LA L~

AL=0,

LA _TN0. .3
EA- A S B~ B

700 POR=YK

ALEAL-YK
PM=0,

O 10t Al -o2hAN
VAT VARTLIVATY

e I FAAL=CA) 74077301 780

730 J=1

AMECA - o e
CO=AL=CA

RiiaT.1

LAL® Ragl i

_TPF=0,

G0—T0-B50 e
740 V=2

CA=CA=AL
£8=0

FUTP G - _—

B Bl *

750 IF(CA=-TI)760, 760:7/0

PF=CA

6§0--K .1__.__.._ it S el s

e (RN ) e SR e

RY=TF=CA—

CA=0,

La _T0. nk
AZ AW NN I~ B - E g

770 Kl2

0
R°d

=Ti—
RJ’U-
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CA=CA=T]
G TO 850

04/09/72

790 lé&

Lty sty s saai ke
CPAB=AL
LA LR A=AL

F 3= r3 ZNA

o Wl 1 Qa3n

T 'V ET

810 L-d

e k. raec
SH=ZNA-F3

N i it s
820 IF(CA wn)asu 830,840

Pl Wat

#f3t—hest

PF=CA

—~—-n~_-35& el

ot D.J:h

c.u-n

840 GO T0(870 900).L

N Scne <870, xr(re-rsxsserssef&
880 bWT k2

i OSNpr 2F3=F2
FZ 0y

il‘\ T0 'ﬂ!ﬂ
AR, S A 7

: 890 CRRET

<

BT P
HE=D,

";;“_wimm;umm[_ugm;g‘919»

900 EMT=0y

) hC-ﬁ

vy

910 6o- TO(920, oan,J

e 9 U-RENZE UG
4 PFSEFR

<_;_w;“__ﬂwug
S DHD=0,

JlEvM.n

DFS= o,,? By
- 30 J0 n?n

o

FRNPAC | S0 GRS

930 G0 Tocozo 94n) Kf
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940 PEN=FMG
PFS=F2

—X =64
IF(XWO~(PFSePEN) 950,960,960
-

DYO=XWO0

I'\EQ DP g YR

ot ey

DEN= PEN'DWO/(PFsopEN{

D aD f oV alal

FrrvYsrra ourg

PEN=PEN=DEN

Wo=0+
GO TO 970
4D M= 2

DWU PEN‘PFS

"U

DEN=PEN

nNrc=pro
vTro=rTrJ

PEN=0, _ Y ‘

I'I'U U

970 SA= 6.¢PAB¢6 #POR+2, *AN+DWO+DEN*DF S*PEN4PFS+4 ,# AC*PM+EMaN0+PF

[T NE-S1
lr‘vr—s*+99ﬂ19ﬁﬂ148

980 @Z=Sl-SA

AR=DAD
Lol R S ol )

OR=POR

ExePEN
FS=PFS

e STES oV =l

LA Al B 2

"PF=0,

Ale=1}
A=

 VKA=0,

MALE Fal
ANE=Uy

‘PLE=0,

EAxA
= o U’U.

FA=0,

o 990 sg 6,#PAB+6, .poaoz,oAN¢Du0¢DFs+DEN¢,5¢PEN*.S*PFS‘HO+4o‘AC‘PH‘SH

1000 Fiare °

et~
AR=PAB

s sn nn-nnn

SL=SI=(6,4AB46.00R2, oANaDNOtuEN*DFSoa.oAcaPnosn~w03
o e PHY=PFSaPEN

I.IIJV-

OL=2,aPHY=2,#SL
=P Ym0t

"FD PEN®OL/(PEN+PFS)
s _ FA=PESa0L Z(REN&RFES)

EN:PENﬂFo
;ggprg-;A

- o

GO TO 1130

1040-SC=6+sRORC2 #ANSDNOADESADENS SaPENS 5aPFSa) sRABSWOSA SACASMaPM
L B -4 < B .

IF(S1=-5C)1030,1020,1020
e S AR B Oy

TN=20,

nn'ﬂﬂﬂ
TP TOR

FQaPEN




=
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=(6,#0R+2,8AN+DWO+DF S+DEN+ ,5#F0¢ ,5#FAsW0+4 ,2AC+SMIPM)

PAEe 6+ PAR~SY
XNEzPNE/ 4,

DWO+DEN+DFS+ ,5sPEN+ SiPFS*w0¢4.tAC#PH¢SM

$139
1030 SD=4,#P0R+2
5816

FO=PEN

po 8
o

:

= U

-~

(2,%AN+2,#XNE+DWO+DF S+DEN+HO+ ,55F A+, 38F0+SM+PM+4, »AC)

SMY 4D

b ARLLER |

e
F R Velal=]
Gy "T UNWIINT ISV

PO TWLTMTT

X
AT(T
U n

"o TV UWmg

<
X
>
O -

b
D
4

D
e
n
L
=]

v e W

1050 GO TO(1060,1080),M

4
L4
q

1esa_s5:4T4poR*eT;34352,:4NA*5ADNO¢75a9£snT5#DEN*TsaﬂistrﬁtﬂeuAAT#Acr———-
_ SE=SE+SM+PM :
—_— PS5 1120440701870

1070 02=0,

XNE=PAB

AR=D0

oLy vy

FO=PEN

b ATREG
EN=0. . ; a
520~
SO Sle(4,#PLE+2,8XNE+2,#AN+4,#AC*,5eF A« 5aF0+SM4PM)
RB] "2 .59_‘9591.;11&{‘.“1‘_19"1 }{lgt
; X0L=(DEN+DFS)=RDI .
AK2DWO-RD]
PWO=RDI
IJY-DHI
GFS:= DFSOXHY/(DEN+U+S)
GEN=DEN®XHY A(DEN®LUES)
XFA=DFS#XO0L/(DEN+UFS)
—_— XFO=DENSXOLALDENSDES)
DEN=GEN ‘

DFS=GFS
FA=FA+XFA
FO=F0+XF0
VKA=0,
ﬁ[\ 'rn 1}1!\
1080 bF 4.nPOR¢2 aPAB+2, #AN+ ,5#W0+*DWO*DFS+NEN+, 5~PEN¢.50PFS¢4.0AC¢SM¢PM
4S5 +=6F11100+1090+1090——
1090 SR=4,4POR+2,aPAB+2,#AN+4 ,#AC*DNO+DFS+DEN+, SOPFSO.SOPENOHD*SHOPM
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XS1=SR=S1
AK=2,8XS]

04/09/72

—RO=RO=AK

QZ=0,

L) B
PLE=POR

OReds
XNE=PAB

A=

oY

FO=0,

kA

an
AT

"EN=0,

Eo=n

A |

VKA=0,

08 T a4 gn

—

TUOTY  L4AoJ

SG#4,#POR+2,#AN+2. #PAB+ ,5#W0%, 5ODNO¢.BODEN~.SGDFS~.5-PEN¢.50PFS

Q=5 6+4T+AGSH+PH—

IF(SI $G)1120,1110,1110
wz =0 ,

TN=0,

ORsn

AN

PLE=POR

T yNAME=0A0

Lol ARl - B 7

" AB=0,

b=y

L-E R |

"F8=0,

Ea=0

T = uv

FA 0.

RD! (2.'SQﬂ(DENtDFb+DNO+HOiTIZ.

+PMY
A

xup-'(_BE'N"B‘FSI I"IJ[
AK=(DWO*WO)=RDI.

l'nln._ﬂh ¥

Lol i Al " 3

Wa=0,:

YLIV Dn'l

'-GFS DFS'XHY/(DEN#D?S)

: _ . GEN=

NEDENSXHY ADENSDES)
'XFA DFS#X0L/(DEN+DFS)

—HFOBDENSXOLADENSBFEI—
ny ' - .

FASFA+XFA.

EnsFO+ X0 —

FUSIWUYART U

"DEN=GEN

bFS=GFS

" VKA=0,

A _TO 4430

1120

T La&oU

QZ=0.

TN=n
TN=UTY

" O0R=0,

_XME=RAB —

AB=0,

© FA=PFS

AKSDWO+WO

FOsFO«DEN

FASEA+PES-
Wos=0,

LUTY, B S N—

DEN=0 ’
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DFS=0, :
ST=2.'XNE¢2 0AN04.'AC*SH¢ BoFAO.5¢F0¢ BGAK.PH

MOl

':I‘J]"\JT

PLE=(YSI-2,#POR)/2,

UMA—IA SPOAR YO 1A 2D

e il unw1vu T T

1130 AQ=T(12)+T(13)

ﬂz—hl.&ﬂ 04

WA U

,OR OR#556 , 49

NﬂAN¢278.14

XAME= vngnona nR‘

PLE= PLF*416 37

e VA= VKARTLE6- 25

O LU D

C02C08101 .94

A=Al s df1 04
LR~ Rala B i 0 D

WI=W0#116,14

DLuO=DyneE41 46 44
A oty F o A I g

UEN=DEN=100, 38

2 BFES=NFS#1-34—50

L= F Fem 6
tW=[N¢100-38

—F 38 F541515-90—
AK=(AK/2,)%172.22

= FOetFO/2 1407
FA=s(FA/Z2.)%#203.74
EMFoEMT#2 3152
‘HE=HE®#159,68
*H=XH*45474
RU=RU#79,90
e ;lr:'[l-T"v'v'ra.lf!uUlI

PF=PFs135,98
SH=SHw122505

PM=PM#2154, 25

AL T LL

HP'HV‘ oY 'UJ_

CC=CC»100,09

l‘Llﬂ_nl‘IlnA.ﬂ

Q
AR AAR A S piat (J?.”Cl

SPHAL=SPHALe#97.4/2,

)lU-lIDATHé 5 4T

|arvo

HAL=HAL¥63, 45/2, _ & By 0 - Ben ol

Vi &
v&lv'

PYR= PYR'i?O 0/3,

e IF (AN} $140,$150,2150
1140 AN=0,0
1

——f~—~v4£HL4H¥¥LLN35447 : :
¥ ; SUM2= xIL+AP+CC+PH+AN¢CO+RU+PF~AC+TN+EHT+AB¢HE¢H0~EN¢FS¢DEN*DFStDHD

s }ME-SHME ‘ gz ‘ OR.FQ‘Fﬂ ‘xME‘Pl E.A.AIP.LHI(AA.AD

DENTY=XIL/4,79+AP/3,1+CC/2, 711*AN/2 76*00/3'93‘RU/4 , 25

ﬂl- l'l ﬂ8¢
» L)

*EN/3 18+FS/3. 95*DEN/3cIB¢DFS/3 954DW0/3,25+G2/2,65

A0R/2 564F0/3,224FAL44 390 XNELR554PLELD 47

|

A

- *VKA/2,59+CHR/5, 09+SPHAL/4.096%21R/4, 65‘HAL/2 164

B 0N K

5f—————*FEH*%T*8+P¥R*5TQ*4;Nf;T§‘
c - ' ALKALI = Q@ - @ THIANGLE

SR 7% L FPEVLTE TOC 21 T PRI EY. O
P CZATE(T(10)+7(9))/T0T#100 -

22T =T(132TNnTedi 0D
RadiC B Ty =77 o F R A

ZC0T=T(3)/TOT#100

0l

Mg —RA

i e Rk G N § A0 A2 G B L 58203 T 442638
ONEW=QZ+(EN7200,76+FS/263.80%AB/131,07)%60,06
!ubMFn-vmgiﬁgnnao 02/262, 14

TOT=0LNEH¢QNEH+XNENEH




' ;s &
R T N I B R SN S N B EE e - uE-E s _—

‘345DAD CIPWNORM

OLNEW=OLNEW#100,/T70T
ONEWSQNEW®100,/7T0T

04/09/72

ANERERHTANENER 108/ TOF
TOT= T(5)40,94TT4)e T(7)s T(O)s T(L0)

e !

—FHA—DLAGRAM
"TOTFEET(5)+0,9+T(4) ' '
FMAFTOTFEAFOT o100

FMAM=. T(7)/T0T  #100,

AL A Y

4
Ll Ll i\

t
T0T= T(10)+ T(9

XKT= 7(10)%100,0/T0T

MALT LITOT
L)

) Bl |19) *1&ﬁ?ﬁlrun

XCT= 'T(8) #100,0/T0T

| | |
: c . - \ ' Q/AB/OR WT PCT

> x

—H = H
nen

D

n

-4 >

TOT * AN

'OC;PC)

Q1

XQQT= 0Z #100,0/TOT

VBI IT= lAnAAA‘n-nnn ﬂlllﬁ'l'

CA’ AR 4

XOOT: DRfﬂioo O/TOT

raTe TOT

g TUT wl

c - ' ©  ABZAN/OR WT PCYT
¥ABTo—AB

*10
.. _XORT= OR #300,0/7
__;—___W AN—#450-0-T0F

 DIFINDzQZ+ AB+ OR+ XNE+ PLE

FFFF= T(4)®0,9 #T(5) | )
FOFMe—FFRFAtFFFFeT71 ‘
c s WO = FS = EN TRIGDIG

——————————F0T=HO—+FS5—+EN—+DWO—+DFE—+DEN
& XWOT= (WO+DW0O)#400,0/TOT '

xee tFEc.necysann NJITAT -

Lol VN IV ET O LV IVTTV

XENT= (EN*DEN)OiDO 0/70T

TRANSFER TR!ANGLE DATA T0 DRUM UNITS

<an<p

1160 WRITE: (21) ZAT,Z2COT

"WRITE (22) FMAF,FMAA
— URITE (23} ¥KT,XNT

WRITE (24) XQT.XAT

_WRITE(25) XQQT,XPLT

" WRITE (26) XORT,XAHBT
.HRIIE-‘ZZ’ xmoI-XEMT

WRITE. (30) GNEW, OLQEN

IF (PLAB) 1180.1190 1190

V"

" 1190 CONTINUE

pnlur An ’M.uc

SUHZ‘SUH?*CHR’SPHAL‘ZIR‘HALOFLU‘PYR

S B Sk AT+ DR DTe a Af K Kh 4 NE

SUM3I=SUM3I+ZIR

COLTNE= 1~ SUMI /BUN2 )
A4 L

DENTY=zSUM2/DENTY ‘
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PRINT 50
PRINT 60, IELM(L1),T(1),MINL(2Y,MINL(49), AC

LY
ll"l-

PRINT 80, IELM(S).T(3).HINL(570MINL(6) WO MINL(3) MINL(49),CO
PYROX=DWO+DEN+DFS

PRINT 90, IELM(6),T(6),MINLCLR) »DEN,MINL(7),MINL(8),0R
PRINT 100, 1ELM(8)sT(B) ,MINL{L3)»MINLC14) s AN
PYROXENSFS

PRINT 60, IELM(9),T(9),MINL(18),MINL(19),PYROX,MINL (1B} EN

PRINT 100.IELH(11).T<11) MINL(20), HINL<49),PLE
X0tV =FoFa
PRINT 60, TELM(12),T(12),MINL{23),MINL(49),X0LIV,MINL(24),FO,

anMl lnn\ M Iayl ey VKA
NZ LT rTEwWeO v e L Tryihrn

PRINT 90, TELM(L3)»T(13) ,MINLE26)sFA

PRINT 70,MINL(27), MINL(14).EHT MINL(28),MINL(49):CHR

(WY
L AL

PRINT 70 MINL(SU)JHINL(49)aKILIHlNL(33I MINL(49).RU
—————————RRNTO 5 O B NS N 49 TN

PRINT 65, IELM(17),T(16),MINL{35),MINL(36),PF

PRINT 65, IELM(19),T(18),MINL(40),MINL(49),FLU

lAﬁ\ oe

T ITOw

PRINT 65, 1ELM(21)T(20),MINLE41) sMINL(49) ,PYR
DDlMT I.§ !E|H‘22)."8;; MlNl ‘45;."!“”‘;6.!._SPE{AL
DO 765 1JK=23,28

UKt b gkt

765 PRINT 65, IELM(IJK),T(JKL)

1DENTY

POIMT ont A I3
TWITV' LFU'-JULI'V

By BHFIN
PRINT 130,XQT,XORT,FMAF,0LNEN, PERIND,XAT,XABT,FMAM, XNENEW , XONA
ey R e
FEMICS=SUM2-SUN3 :

2452
LLTR

IF (ITET.E0,1)1200,1240

4900 18 tnNADN En 4y 4940 1020
AEUTTTAT VIWOT o Eu,, L7 LTSV TAETEV

1210 WRITE (28) QZ,AB,0R,CO

GO--T0 4210
YT LI OU

1220 WRITE (28) FMAF,FMAA,FMAM,QZ

AN
| alh

T

1
)
’

1240 GO TO 320
3250 D) 1260 LiNe 21,30
1260 REWIND LUN
1f (1TET NE, 1) GO T0 1280
CALL TETRPLOT(LABFM,LABO,LABA,LABAN,29,JKL,2)

n 'I'n 4")'7I‘\

CALL TETRPLOT(LABI LABAA LABM, LABQ,28, JKL,4)
Pn Tn 193?
1270 CALL TETRPLOT{LABU.LABA,LABO LABCO, 28, JKLpi)
DE‘;IM IR! ANG‘ E Dl l‘ITTle‘
1280 IF (IITRIG,NE,1) GO TO 1530

I

IF (EOF,60) 1290,1300
——$ 29N B e R BB
1300 CONTINUE
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IF(JOAN,EQ,4) GO TO 1310
CALL TRIGPLOT (LAB1,LABAA,LABM,22,JKL,NTITLE,3)

|0—-T0—1320
1310 CALL TRJGPLOT (LABG,LABA,LABQ,24,JKL,NTITLE,3)

L]
CALL TRIGDIG(LABQ,LABA,LABQO;24,JKL)
(ol ] 1 3

-~y e n
CALL TRIGDIG(LABAA,LABAL,LABST,21,JKL)

Cal

hadilal 1 -7
)

CALL TRIGDIG(LABK,LABN,LABC;33,JKL

A
AALNJ

CALL TRIGDIG(LABW:LABE,LABF;37,JKL)

D M e )

1340 CALL EXIT

B
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SIUBROUTINE TRIGDIG (LABL,LAB2,LABI,LUN,N)
DIMENSION LINE (51,101)

l.LLY ‘\

IVTEGFR porT, PLUS.STAR

1 MTE{‘LD QEAI‘C

DATA (DOT=1H,), (PLUS=1H+), (STAR=1H#)

DATA (SYM=
Aot

f2 4 He 5 1H2+ 1 H3 1 HA 1 HE 1 MO, L HT, L HE 4 HO, 1 HA, L HB, $HC, 1K
1 iHF, 1HG 1HH 1HJ.1HK 1HL 1HM, LHN, 1HP, 1H0 1HR, EHS, AHT, 1HU,

- iy 4lle A llal

4Ll
“V'J-ﬂ"""""‘"riiﬂﬁii" T &IV F&TTT Y

SPACE = 1H
——————————Bo1-}teis5t

DO 1 J=1,101%

-4 LINE(IoJ)=1H

L S0 L 4 5 F. % 4
LR BALSRN B .Lf"uul-

DO 2 1= 2 51

'l L WY} 4L -
1R SAL- S W |

=0t
2 LINE(],J2)=D0OT

3 LlNE(Si J) nbr

na 4

W ¥ l"J-l'J

READ (LUN) aA,B

Al VL
(ol L =0 g = &

LEVEL:INT(ALEVEL)
MONG——4 05— 0+585——A—F

LONG=[NT (ALONG)

+ OR

1LEVEL,LE,0) GO TO 35

L PN = TAC a1 =iy - OMGs

WITTUTLINLILCVEL ) = VINEY

IFCLINOLEQ,1H ) 34,31

H

DO 33 Je1,35

33 CONTINUE

24 L)
oy ay

32 .J=d+l

GO TO 4

§—FR+N4—9027*TBTEGN57EE¥Eﬁ

.4 CONTINUE

DﬂlMT

LEEATLEA B

899 LABLtAB2 AR LABY
‘PRINT 900, ((LINE(I,J),J21,101),]=4,51)
RRINT504—tABRTHABS

REH]ND LUN

[ o
L4

899 FORMAT(1H1,AB8,1H=,»AB,1H=,A8;BX,*TERNARY D]JAGRAM®/4H0,26X,A8)
900 FORMAT(1H ,10X,101A1)

901 FORMAT(1H ,6X,AB,93X,AB)

RETURN
END
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SUBROUTINE TRIGPLOT (LAB1,LAB2,LAB3,LUN,N,NTITLE,I12Z)
DIMENSION ISYM(J)

BAIMEONOLIOM Alsy ¥ rj')
HITTEIWW oIV W T TLEOVE

COMMON 1 JKLMN .
e —UATAC S Y 8210001 12132425368 37364544535264408,00766060000000008)—
900 FORMAT(1H1,sSURROUTINE TRIGPLOT TEMPORARILY DISABLED, END C; °

;r*—F+tET——*ﬁ0F—RE49—9N—47+3144H—%#ERA#J%MF—#B#*&—NGT—GF—PGlNTa& —
2% SHOULD BE #,13)

'FI
T hﬁv{u

¥=20,/SQRT(3.,)

EALE—PEOT 1670y

CALL PLOT(O,,=25

i CQLL Pt9¥{ﬁ.oa..
CALL PLUT(SO..io

LAl DI NT i dann
CRECTT T IO VU0, pu

CALL PLOT(O0,,0.,

L

BN N

~N
—

- w - w

w i B

N —

R e et el o

&0 =

- -
—
N -

n
G
i

ey

CALL TEXT(LAB2,8,2,12)
e CALL—PEOT 920 =54 0341 D)
CALL TEXT(LAB3 8.2:12)

Al I XY
VAL W rLUT T‘TP.U"V“'VT\’"‘;'

- CALL TEXT(LAB1,8,2,12)

n_ N4 [ - |
L A" B Y gl W B

8 READ (LUN) B,A
e ]F (EOF U677
6 PRINT 900, J,N
b R AR R 1) 66709
IFLAG=1
o108

7 IFLAG=0

Yald

T o5

X2100,-A-0,588

A 3 4
L i

3 PRINT 5, AsBuXsYsNTITLE(L) ,NTITLE(2) |
5o FORMATLLIHO #PLOT OUT 05 TRIANGLES, F8,3 2%, F84344%,£8,34F8,3,3X,248-

1)
63101
4 CALL PLOT(X,Y,3,12)
CALL TEXT{1§Y¥M, 4, =4)
3 LONT]NUE
"————*-‘“‘*—‘_APOS —7 v T
CALL PLOT(75,,YP0S,3, IZ)

r‘un TEVT! IQMLL =13
TN ITTTrawT T

CALL PLOT(BO..YPOS.3.IZ)
—————————E AR N e
9 REWIND LUN

RETLIMA
el e~ Lagh s

END
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SUBROUTINE TETRPLUT (L1,L2,L3,L4)LUN,N,2Z)
INTEGER Z

al
&0 25 Jbe"'(dul

04/09/72

CALL PLUT(10.oOQ 2,17)

=

A
AL PO 034012

CALL PLOT (0,,0,:3,2)

CALL PLOT (50|v100094 Z)

VKLL rL"' ‘IUU*lUv'var

CALL PLOT (0+00,:4:2)

OAl-L DLOT 230 2R XX _ 4 719
VARG TRV T V7 UG F=ovTevrYyrey
CALL PLOT (100-|O|I4IZ)
s ALt -

¢ .
CALL PLOT (50,,100.,4,2)

EAt T POt 0510307387
CALL TEXT(L1,8,2,2)

CAlLL PIOTLA en'lz

e

TATET TRV T VYO U < VIV
CALL TEXT(L2,8,2,2) g
———————— AL P92 0~ 83 2

-~

CALL TEXT(L3,8, 2.2)

el

e &
-7

CALL TEXT(L4.8.2|Z)

—_—— na--95

S AL
VU & 1T =401y

DO AR s b tiala %
F‘EHU

0 a L
VRO R, 0L ¥

10T= AoB#C

Afe A nd N AT OE

nu'n';UVQITUT

BB=B'100 /TOT

' U l -DTU"U

DD = D#100,/T0T

nn= . A n 2T T
o= 8ol 0057707

TOT=A+B+D

AL e —Awt G057 T0T
BL= B#100,/70T

Ialoldslieds

TSRy oY

ARaA#100,/70T
CRQG*%GGTf4G¥
1 YB= AB

yrx

e 150 —BEwE5eAS
XD =100,-BD-DD*0,3

Vn =D/

hulRSE " g A A |

YL =(AL*4,+BL=-100,)/3,

= 70 Al oD nl-n 9

Ty AU

YR=(AR°4 *CR~100')/30

vn‘- "ln H0Ren 7T AD-.A 'l

- 1" B AR A "I = i e Lhd

19T =A+B845+D

AA =A#100,/70T

BA-—=88100+/70F
CA =C#100,/70T
G4 Basdd ATOT

YoAA-~DA/3,

AA=D A

’%GG—‘GTa’ﬂ*'&Ts‘"" oR
CALL PLOT(XB,YB,3,2)

—"—_——G*‘?L—PEQ""H“.—UZ3
CALL PLOT(XL,YL,4,2)

kPO By ¥By 3T
CALL PLOT(X,Y,4,2)

2 PAEI £LOT lvn yo 4 71
hdlal

L3 et LAY BREAN Bas

RETURN




3

- 9.5DAD TETRPLOT
END

04/09/72
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APPENDIX 2

Listing of program NIGGBART.
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-

-
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201

9200
902
203

904

905
906
907
908
909

98

PROGRAM NIGBAR

DIMENSION 7(44),T7(14),TTT(14),NIG(14),BARTH(14),BAS}S(16)
DIMENSION HT(14),0X(24), CA(&ﬁ’aNl(14)oBARC14) BAS(g61

REAL NIG

DATAL HY260,06,79,90,2401:94;259:68,74,84,70,93,40,32:56.08904,994,

% 94,192)141,96,18,016,18,026,44,01)

DATA(OX!BHSIOZ BHTI02 »8HAL203 18HFE203 1BHFEOD " 0
8HMNO » BHMGO : BHCAQ  BHNA20 » BHK20 °
B8HP205 ,BHH20(s) ,8HHRO(=) ,8HCO2 )

DATA(CA=8HSI 2 8HTI » BHAL 1BHFE(T) BHFE(2% 0
8HMN , BHMG 1BHCA s BHNA o BHK 0
BHP 18H 2 8H 18HC" ) ‘ :

DATA(NI=8HS] '8HAL "BHFM '8HC . 0BHALK s
8HY 1 ) BHP »8HCO2 ) BHK 2 BHHG )
8HW 1BHAL~ALKET,BHT=C aGHAL°ALKSF,

DATA(BAR=BKS| ' "BHT] 1 8HAL ~ 18KFE r8HMN (]

QHMG : ,GHCA |8HNA QBHK ,BNP 0
8HC 1BHOX Yo »8HOHeO 18HCAF000 )
DATA(BAS=BHCP 1 BHKP » BHHS ,BHNE QBHNS (]
BHCAL , 8HCS 2 BHSP ) BHHZ 2 8KC 0
8HFS :8HFO 1BHFA » 8HRU 0 8HO
8HCC

FORMAT(1H1,oCALCULATION OF NIGGL] VALUES,BARTH STANDARBE o,

1oCELL, NIGGL] BASIS VALUES AND COHPOS!TlON TRIANGLES POR oy
20SAMPLE ©,AB////1H ,oSILICATE ANALYS{S©,8X,0CAYION PERCENYo,
311x.°NlGGLx VALUES°.12X PBARTH STANDARD CELLO,6X§°N]GGLI BASiSo/)

FORMAT(2X,A8,1X,14F4,2)

FORMAT(&H ,5(AB,F12,2,5X))

PORHA?(iH 2AB,F12,2,30X,3(A8,F12,2,5X))
FORMAT(LH ,100X, A81F12 2)
FORMAY(///71H0,oTRIANGULAR D]AGRAMS©o,48X,0Q = L = Mo/)
FORMAT(LH ,37X,A2,18%,F10,27
FORMAT(//4WH0,37X00K = NA = CA (BOUND 70 AL)o/)
FORMAT(//3H0,37X,eMG = FE = CA (NOT BOUND Y0 AL)Oo/)
FORHAY(//ﬁH0.37Xa“Q = KP = NE°/)
JKL=1Y=5U"=0,0

READ(S5, 900),1D,7T

iF(EOF,60) 99,98

IFCID,EQ,BHTRIANGLE)2,3

iT=1

GO 70 %

Do 4 [=3%,14

FCL)=TTLLI/WTCT)

IF¢I ,NE;12,AND, I, NE,13)SUMaBUNeT(])

JELEJKL el

Do 5 [=%,14

TITC(1)eT(I)=T(])e100,0/SUM

c
C CALCULATION OF NIGGLI VALUES
€

TEMP=7(5)¢2,07(4)
TOT=T(3)°TEHP°T(6)°T(7)°T(87°T(9)°?(10l
F=100,770T

NIG(2)aT(3)oF
NIG(3)=(TEMP+T(5)eT(4)eT(75T0F
NIG(4)eT(B8)oF

NJG(5)8(T(9)eT(10))oF

NIG(L)=T(3)oF

NIG(9)8T(10)/7(T(9)eT(10))

NIG(6)=T(2)0F



RFS,34D

NIG(L10)=T(7)/(TEMPST(8)oT(TT)
NIG(11)=207(4)/TEMP
NIG(7)aY(11)eF

NIG(8)=T(14)0F
NIG(12)aN][G(2)=NIG(5)
NIG(L13)=aN]JG(12)=N1G(4)
NIG(14¥=NIG(2)aNIG(S)

€ .
g CALCULATION OF BARTH STANDARD CELL

TTT(4)=7(4)e2,
TIT(3)=T(3)e2,
TIT(9)=7(9)a2,
TYT(10¥=7(10)02,
TYT(11)=T(g1) 02,
SUM3100;4¢T(4)¢T(3)eT(9)eT(2pdoT7T11)
DO 19 1=1,414
19 TCI)=2TTT(1)=TTT(I)%100./SUH
OXY32,8T7(1)¢1,507(3)e2,0T(2704,50T7(4)aT(5)67(6)0T(7)oT8)00,507(9)
2e0,507(10)¢2,507(11)02,07(44)
OXY=0XYeT(52)
CAT=460,92100,/0XY
OH=2,0T7(12)2CAT/100,0
‘DO 6 1=1,10
Jul
[FC],GT44) JsJel
6 BARTH(1)=T(J)oCAT/100,
BARTH(4)=BARTH(4)oT(85)eCAT/400,
BARTH(11)=T(14)0CAT/400,
BARTH(12)=0XY
BARTH(13)=0H
BARTH(14)=CAT
c
g CALCULAYION OF NIGGL] BASIS
BAS|S(16)=T7(14)
T(8)=T(BYaT(44)
T(14)=0,0
BASIS(f)=T(11)02,5
7(8)=7(8)=4,5°7(11)
T(i1)20,0
iF (v(10y,67,7(3)) G0 70 7
BASIS(2)s7(10)23,0
T(1)=7(1)=7(1i0)
F(3)=T7(3)eT(20)
7(10)=0,0
Go Yo 8
7 BAS]S(2)=7(3)03,0
TC1)e7(3)=T(3)
7¢10)e7(10)=T7(3)
Y¢3)=0,0
BAS]S(3)=},507(10)
T(1)=7(1)=0,527(10)
7¢(10)=0,0
B0 Y0 10
8 {F (7¢(9),GY,7(3)) GO T0 9
BASIS(4)83,007(9)
T(3)e7(3)eT(D)
T(1)eT(4)=T(9)
7(9)=0.0



KF3134D

16

1t

12

13

14

15

16

17

20

el
c

GO TO %3
BAS|S(4)23,0eT(3)
T(9)aT(9)=T(3)
T(1)eT(1)=T(3)
t(3)e=0,0
BASIS(5)eT(9)ey,5
T(1)a7(1)=0,587(9)
T(9)=0,0
GO TO 3
TEMP=0,5#T(3)
IF (TEMP,LT,T(8)) GO TO 1
BASIS(6)=3,0#T(8)
T(3)=T(3)a2,00T(8)
Y(8)=0,0
G0 TO 14
BASIS(6)=]1,5eT(3)
T(B8)=7(8)=0,52T(3)
(3)=0,0
AS]S(7)=1,5aT(8)
TC1)=T(1)=0,54T(8)
T¢(8)=0,0
60 70 29
TEMP=0,5#T(3)
IF(TEMP,LT,.T(7)) GO TO 15
BAS]S(8)=3,087(7)
T(3)=T(3)=2,0eT7(7)
T¢(7)=0,0
GO TO 16
BASIS(8)21,54T(3)
T(7)=7(7)=0,54T(3)
7(3)80.0
60 TO 20
TEMP=0,527(3)
IF(TEMP, LY, T(5)) GO TO 17
BASIS(9)a3,0sT(5)
T(3)=T(3)»2,2T(5)
T(5)=0,0
BASIS(40)aT(3)
7(3)’000
G0 TO 20
BASIS(9)&51,5«T(3)
T(5)=T(5)=0,5#T(3)
T(3)=0,0
BASIS(X1)21,5#T(4)
T(1)eT(1)=0,5T(4)
Y¢(4)=0,0

2

IF (T(5),L7,0,001,AND,T(7):L7,0,001)G0 TO 21

BASIS(12)=1,5e7(7)
T(1)=T(1)=0,5T(7)
T(7I=D.0
BASIS(13)=1,52T(5)
T(1)3T7(1)=0,52T(5)
T(5)=0,0
BAS]S(14)cT(2)
RASIS(15)eT(1)

g CALCULATION OF TRIANGLES

TL=BASIS(2)+BAS]IS(4)«BASI
TMzBASIS(7)+BASIS(12)+BAS

S
I

(6
S

*
]

3)«BASIS(11)4BAS]S(5)+BAS]IS(])
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aacoao

$+BASIS(14)+BASIS(1)*BASIS(16)
TQ=BASIS(15)

TOTETL¢TO*TM

F=100,/T0T

TLaTLaF

TM=TMaF

T0=TOaF
YOT=2BAS|S(2)+BASIS(4)eBAS|S(8)
Fe100,/70T

TK=BAS]S(2)sF

TNA=BAS]|S(4)aF

TCAzBAS|S(6)eF
TOT3BAS]|S(11)+BAS]S(12)eBASIB(13)BASIS(7)
Fr100,7707

TMG=BASS(12)eF
TFE=(BASIS(11)#BASIS(13))eF
TCS=zBASIS(7)sF
TOT=BAS]S(15)+BASIS(2)+BASIB(4)
F=100,/70T

TQQ=BAS]S(415)«F

TKP=BAS[S(2)aF

YNEeBAS|[S(4)eF

PRINT 904.1D

DO 23 134,14
1F(1,EQ4412.0R,}.EQ,13) GO TO 22
PRINT 902,0XCI), TTCI),CACI®ATTYCI),NICT) NIG(])BARC]) BARTH(]),

1BAS(1),BASIS(I)

GO T0 23

22 PRINT 903,0X¢(1),TT(l), ~ltl+.~!°cl).aantl;.anarH<!7.aAS|1).

1BASIS(I) /

23 CONTINUE

PRINT 904,BAS(15),BASIS(15%

PRINT 904,BAS(16),BASIS(16}

PRINT 90°

PRINT 906,2H0 ,»TO,2HL »TL,2HM OTH
PRINTS07

PRINT 906,2HK »TK,2HNA, TNA)2HCA,TCp
PRINT 908

PRINT 906,2HMG,TMG,2HFE, TFEJ2HCA, TCS
PRINT 909

PRINT 906,2H0 ,T0Q,2HKP, TKP}2HNE, TNE
SUMs0,0

CHECK FOR TRJANGLE PLOTTING
AND COPY DATA TO DRUM IF
REQUIRED

99

IF (IT,NE,1) GD TO 1
WRITE (21) T0O,TNE
WRITE (22) TCS,TMG
WRITE(23) TCA,TNA
WRITE(24) TQ,TH
Go To 1
CONTINUE
IF¢IT,NE, 1) STOP
Do 100 l‘zinz‘
REWIND 1
CALL TRIGDIG(BHQ - 1BHM T 2 8HL 024 JKLJ
CALL TRIGDIG(BH @ +18H  NE ) 8H KR 121, JKL)
CALL EXIT



END
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Listing of program ZAVSKY.



9:5DAD 04709772
PROGRAM ZAVSKY

D o a

Qg Q
™

CALCULATES AND PLOTS ZAVARITSKY NUMBERS

i
Q
T -
ot

MENSTON—WTH14 ) A4 CROSE2 1B 2)
DIMENSION OXIDE5(14).CATIONSII‘)oZAV5;14).VAL(14).T(IQ?

MR
LA ¥ BALERAI

REAL—NAPRTMPR .
DﬁT‘ (WT=60,06,79.,90,101,94,159,68,71,84,70,93,40,32,

56—031 ;
DATA (OXIDES=6HSI02 ,6HTIQ2 ,6HAL203 ,6HFE203 ,6HFEOD '

ALIMND

Favyyy
» crTNY oY y

» ! 6HP205 ,6HH20 (%) 6HH20( =), 6HCO2 )

» GHMN s 6HMG 16HCA 16KNA s 6HK ]

a LR
L Aall

DATA (ZAVS=4HA 1 4HC » 4HB 1 4HS 14H/C  J4HFY L 4HMY

e AHCT AL dHN ——AHT A HRRE 4R F
: DATA (CROSS312020527476562408,20027000000000008) -

1 o1ibo

1‘
IF (ID(I).EQ.EHSUPPRESS} 101,102

o 401 SUPPRet-1}
" GO TO 10

IF(EOF,5) 99,11

1 P=11.4
I L

=
s

0

AL

20 SUM
po—2

20
=T
=Sl
21
I)s=

21 LA( 100,/5UM

ol
c CALCULATE ZAVARITSKY NUMBERS
.

ALPR=FEPR=CBAR=CAPR=NAPR=0,0

_ALKSECA(9)+CA(10)
FEO=CA(S5)+CA(6)

SSCAL{LIACAL2)
IF (ALKS,LE,CA(3)) 30,40
- 30_AAZALKS

Za(CA(3)~ALKS) /2,
GJ-T0 50

40 AA=CA(3)

CRARCALKS=A —
Za(~CBAR/2,4)
— 80 IF{ZLE,CALB8)I)BLlsD6

51 CCsZ

G510 60

56 CC=CA(8)

- AIKQ

APR=GALZ}~66-66
60 FEPR=CA(4)+FEQ-CBAR

LF 4 EERR LT 0+0)—64+62

61 NAPR’CC*FEPR




‘3450AD ZAVSKY

FEPR=20,0
62 CAPR=CA(B)

BReFEPR+CAL I vEnPRVALPR

04/09/72

~cC

SUM=3AA+BB+CCeSS

SHH.‘ an AL s
AUU /79U

AmAA®SUM
EoCCwSUM

BsBBeSUM

s.cn-auu
A=~ Ragre B~ an

oL oM

ol N1
VI FRETICTy

¢
c
—&-

-ARY CHARACTERS

FPR=FEPR=100, /88

Mﬂua_f‘

"'"lll"'J,UU ll""

CPR=CAPR=#100,/BB

s e M.PA{A!A‘ﬂn 24 A

Fg TN

TI=CA(2)#100,/SS

e J:LLI_HAIA\-- A0
LE A

20
'&UU !’UU

APR:ALPRGIUO./BB

nnu-m‘n o4
i

Radnan 200
RTINS ,Lu

RRINT QOO

¥ 1

LA A VE IR0 LI - 4 i )

PRINT 903,

L n
Tiyriv

(OXIDESCI),T(1),CATIONS(I),CA(I),131,14)

RAILAMNY o0
T TVaTYy TS

VAL(1)=A
—— VA2 Y e

VAL(3)=B

VAl (A4VvS S
VAL U=

VAL(5)=CBAR

MALLAN=EDOD

VR V=T vy

VAL(7)=MPR

— VALLBYRCRR

VAL(9)=APR

VAL (4 0Y=)
YA c. o

VAL(11)=T]

jo RN |
e

1

VAL(13)=NPR

——PRINT. -906,-
GO TO 80
e e .
E PLOTTXNG

HZAVSI P VAL ) 121033

70 CALL PLOT

(= 50..-150..1)

lqn_ 4n 22

SRS ;{5 - A
CALL PLOT(~-

CALL—TEXT

L0 —n g

50..2..3)
(4 HC-12)

CALL TEXT

L g

(3H 50,3,2)

c.‘l Plgx ‘.Sﬂ 0 X))
oy TUYTYTre”

CALL PLOT

CALL L2I-OT

(500!0!04)

TARE PEET
CALL TEXT
e
CALL PLOT

tLak 0.2 23
A B A=A BN A

(3H50 0302)

(wO 3, 2.03)

EAEE—FEXT
LA=BHZAVAR

LC=38HRS

2
‘].ﬂﬂi""

ITS
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CALL PLUT (-15,,15,,3)
CALL TEXT (LA,8,3)

04709772

; Bad
CALL TEXT (LC,8,3)

CAlLL DLOT . n_n N_3TY

WHWLET T VU VT UTYTITVTd

CALL PLOT (0,0,=100,0,4)

CaLl pPLOT ¢ A n _1nn (4] 'l\
e =4 -y U

CALL TEXT (5H100 .5 2)

IF (CRAR,GT,0,) 81,82

— 8L+ HEREEAR
GO TO 83

i Ba MAS{ =)
[ AR~ Dol T v J

83 [F (CPR) 831,831,8%

314» HAzMAO 4 8ADR
DL RSTTIRTUy L AT

Go TO 85

G4 hahiei 4 *CPR
85 RB=V~0,1sMPR

HD’) U f'Aln\

Ao W J

RC=HC=CA(10)
ENCODE (3,902

Ll 11
T B e A g~ i

-

WRITE (2) HA,V,RA+RB,HC,V,RCsRB2,LL,1!
CALLPLOT((HA=D 3ol Val 4), 3%

-y

CALL TEXT (CROSS,1,-1)
CALL-PLOT(( HA%0,B),V,3)

L

lF (ISUPP GT.0) "CALL TEXT(LL,3,1)

Al l DL or Il_lA LV .
WRVET TV RrYyY jge?y

CALL PLOT (RA RB, 4)

CALL TEXT <cnos§.1.-1)

RSN )'\'Irz\
IF (ISUPP,GT,0) CALL TEXT (LL,3,1)
FAII nl n1- fun v )

oY oY

CALL PLUT(RC.RBZ.4)

Pﬂ Th nn

900 FORWAT (1“1,0ZAVARITSKY NUMBERS CALCULATED FOR SAMPLE#,

N ———. )
901 FORMAT (AB,A3,14F4,2)

-~ 502-FQRMAT(13)-

903 FORMAT (1HO/(5X,A6,10X,F10,2,55X,A6,10X,F1N,2))

on D‘S‘\

906 FORMAT (1HO,50X,A4,F16,2)

o e 98 REWIND .2 s
999 READ (2) X,Y.X1,Y1,A,B,A1,B1,LAB, 1!

IF (EQF,2) 998,997

998 CALL EXIT

07 1P (Y450 3 000 BOQ 150

s vt ~r -y Ty e

150 IF (X=25,) 151,999, ,999

151 1F (As25.,) 009,099,152

L Em e a

152 IF (Xx1,GT,25,) 153, 154
153 Y4=(25 , =X)/(X1=X) & (Y]=Y) & Y

X1=25,

454 1E (Y3 LT (~55 ) 155,456

SR W TF TPN T WPUT Y LTI LTS § WP —

A1=(=50,-8)/(B1~-B) « (Al=-A) » A
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Y1=B1=(=50,)

156 ]F (A1,LT,(=-25,)) 157,158
8%

04/09/72

o ol ) & M

15; Ht t 25 ""I""l "‘I = Wy v W
-—— AL;I % 4 LY
RIFT=2o77

158 IF (I1,E0.1) 159,100
“"’""““_‘_—isg*CALh*ph0I+-5u'ruqv&’

CALL PLOT (= 25-.'100-:1)

leL nnnJ r:v L4

CALL PLOT (- 2%..1..3)

e s B L L FEEY e O & 24
: CALL PLOT(=25,,0,+3)
CA:L—PLOTA25 4404

CALL PLOT (23.-1.:6)

CALL PLOT(=0,15,1.,3)
e ot B SENTCANG 40

CALL PLOT(0,,0.,3)

i CALL pLn =
)

sn \Y
WRECTT fl..vx\u., 205y

CALL PLOT(=-1, b--50.03)

" "-7

160 CALL PLOT((X 0. 15),(Y 0:2),3%

e i S— e - (o 02 D TENTILODOLLD

VARG ITHI“"VUJ'L' -L’

CALL PLOT((X<+0. 4)-Y 3)

S— =AM AOARNE - $ 2 0aA5 14
LT AT AT 7 g ‘JIYUCIhLI +H
CALL TEXT(LL,3,1)
414 DL OT Y M T3
VAW TLVT VAR TTIT

CALL PLOT(X1,Y1,4)

e e GALEPEOT A0 45 B0 2) 2 33
CALL TEXT(CROSS.l-*l)
Gatt PLGV\\A‘G.4}1¥13)
CALL TEXT(LL, 3-1)
Oald DI OT LA 0B
el rhvv\n.u'u]

CALL PLOT(A1,B1,4)

Sanaly GDO-J0H--090
O -—+—Y Y

ExND



Hg. 1
CIPW :ORM OF SAMPLE NO. 6%201328
SILICATE ANALYSIS ‘FEMIC CCNSTITUENTS SALIC CONSTITUENTS
OX10E PERCENT MINERAL PERCENT COMPONENT PERCENT MINERAL PERCENT
S102 48,16 ACMITE n,00 - :
TIo2 1.38 QUARTZ 0,00
ALPOS 13,76 WOLLASTONITE ~ 0.00 CORUNDUM 0,00
FEZ2NS 2.67 ZIRCON 0,09
FED 1% 20 VIOPSIDE 24,08 WO 12,14 :
MHO 0.23 EN - 5,87 ORTHOCLASE 1,56
MGO 6,77 FS 6,07 ALBITE 17,06
CA" 11.58 ; , ANORTHITE 28,23
NA2D 1,99 HYPERSTHENE 21,34 EN - 10,00 _
K24 0,26 FS 10,34 NEPHEL INE 0,00
P205 0,14 | LEUCITE ' 0,00
H20 (+) 0,46 OLIVINE 1,82 FO 0,85 KALIOPHILITE 0,00
HRL (=) 0.00 . FA 0,97 '
ca2 0,00 __HALITE 0,00
MAGNETITE 3,92
CHROMITE 0,00
TOTAL 98,64 HEMATITE n,00
ILMENITE 2166
RUTILE 0,00
F 0,0000 TITANITE 0,00
3 0.0000 PEROVSKITE n,00
cL 0,0000 APATITE 0,34
v 0,9000 FLOURITE n,00
CR 0,0000 CALCITE n,00
co 0,0000 PYRITE 0,00
NI 0,0000 SPHALERITE 0,00
c' 0,0000
2 0,0000
RA 0,0000
SR 0,0000
= 7R 0.0000
BA 0,0000
TRIANGULAR UATA DIAGRAM
) =~ PLAG - OR K20 = NA20 = CAQD WO = FS = EN : PLAGJOCLASE = AN 62,33
Q 0,00 K20 1,88 WO 27,32 COLOUR INDEX IS 0,53
PLAG 96,68 NA20O 14,39 FS 36.94
OR 3432 CAOD 83,73 EN 35,73 CALC, DENSITY 3413
SOLIDIFICATION INDEX 28,94
Q - AB = OR OR = AB «' AN F m M = A OL = NE = Q@ ~_THORNTON = TUTTLE '
B . . _ : DIFFERENTIAT]ON [NDEX 18,62
?] 0,00 oR 3,32 F 60,99 0L, - 40,09 PERALKALITY INDEX 0;286
AB 91,64 AR 36,42 M 29,28 NE 24,71 K20/NA20 . 0,13
OR 8,36 AN 60,26 A 9,23 Q 35,20 TOTAL FE AS FEOQ 14;10

I EE R N R B N B B BN BN O B O E. I N R . I-I\\\
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TERNARY DIAGRAM

QUARTZ
L]
L] L]
' . - Fig. 2. Triangular diagram plotted
' ' on the lineprinter by program CIPWNORM.
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Fig. 4. Tetrahedral diagram
‘ plotted by program CPWNORM.
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Fige 50 Method of construction of the orthotetrahedral projection
used in plottihg the four principal Zavaritsky numbers, a,c,b and s.
Point x (upper diagram) within the tetrahedron is projected into planes
scb and sab at 11 and x, respectively. The planes are represented by
right triangles possessing the common edge sb, and the points are located
by measuring 'a' units along direction sa, 'c'units along direotion sc, and
.b‘~ units along direction sbe



——— e s -

Na

Figure 6a. The method of plotting the alkali vector in the conventional
Zavariteky diagrame Point P is located by measuring a length X,y
proportional to the K content of the rock and a length x1z proportional
to the Na content., Thus the length of x 1P is -proportional to the total
alkali content and its gradient expresses the K/Na ratio.

a' £

- s wn ar e o= =)

m'

Figure 6b. The method of plotting the f'm'a' or f'm'c' vector in the
conventional Zavaritsky diagram, From their definition, f' + m' + c'

or f' +m' + a' = 100, and thus a point in either system may be

directly plotted in a triangular diagram. If, again, we use right triangles,
point Q or R may be located by measuring distance m' along f'm' and either
distance a' along direction f'a' or c' along f'c's A convenient scale

for these triangles is 1/10 that of the acbs tetrahedron.
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