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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 pr?gram, NIGGBART, computes 
Niggli 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. 

, "' .' . 
. :.,~ .. .... , 
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DATA PREPARATION 

The format of silicate analysis data on aO-column punched 
cards is identical for all three programs. An eleven-column identific­
ation field is fol~owed 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 us'ed for any comments or identification for Borting 
purposes. 

(a) Identification field. The first a 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 BSSS 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 fieldso 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 Si02 , 
Ti02, Al203p ~203p FeO, MoO, MgO, caO, Na20 , K20, P205' H20(+), H20(-)p 
0020 If data for any oxides are miSSing, blanks may be left in the 
appropriate columns. If data for total H20 are quoted, the value may be 
coded in the H20+ columns; problems arise, however, if iron is quoted 
simply as 'total iron as Fe203' or 'total iron as ~O', since the oxidation 
ratio of iron significantly affects 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 (1911). Fa203 = Ti02 + 105, and correct the ~O value , accordingly ° 

(c) Total. This field is optional, but if the total is not filled in, 
columns 6a-12 must be left blanko The format is bbbaa, the decimal point 
being assumed after the third digita 

C!P\.JNORM 

(a) Purpose 

CIPioJNORM 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 (Kurio et alo, 1951), the Differentiation 
Index (Thornton & Tuttle, 1960), the Peralkalinit,y or Agpaitic Index, the 
potash/soda ration, total iron as weight percent Fe2039 calculated den~it,y 
-(based on mineral densities quoted by Berry & Mason, '959), and data o~ , 
various three-component systems (quartz-albite-orthoclase, quartz-plagioclase­
orthoclase, orthoclase-al bi te-anorthi te, K20-Na20-CaO, wollaston! te- ' 
ferrosillte-enstatite, iron-magnesium-alkali, and quartz-nepheline-olivine)a 
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Optionally, plots of these various triangles may be obtained on thp. line­
printer for eaoh batoh of analyses prooessed, and graph-plotter routines 
optional~ give aoourate plots of orthoolase-albite-anorthite triangles 
and either iron-magnesium-alkali or quartz-albIte-orthoclase triangles, 
plus orthoolase-albite-anorthlte-femics tetrahedra and either iron­
magnesium-alkall-quartz or quartz-albite-orthoclase-oorundum tetrahedra. 
All triangular and tetrahedral data are computed in terms of weight 
proport! ons. 

(b) Program Operation 

The program reads a ohemic~l 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 co~putation. 

Triangular and tetrahedral data, together with the other indices, 
are then computed, and the re~ults for each sample printed on a single 
page of lineprinter output. Triangular and tetrahedral data are stored on 
soratch 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. 

(c) Treatment of trace element data 

The elements F, S, Cl, 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 Fe20
3
• 

Co, Ni, and Cu are combined with FeO. 

Cr is used to make chromite. 

Zn is used to make sphalerite if there is 8uffic~ent sulphur, 
any excess Zn being combined with FaO. Any excess sulphur 
is used to make pyrite. 

Rb is combined with K20. 

Sr is combined with CaO. 

Zr 1s used to make zircon. 

Ba is combined with K20. 

(d) Inp~t Carde 

Job deck structure is given below. 
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*JOB, cbargecode, ident, timelimit 

*EQUIP, 1=PL, 2.PL, 3=PL, 4c PL 
*FTN, L, X 

Fortran deck inserted here 

*,LOAD 

*RUN, timelimit, printllmit 

TRIANGLE 

PLOTTRIA 

TETRARED 

(total time in minutes) 

(run time ' in minutes) 

(from col.3, if lineprinter 
plots of triangles required) 

(if graph-plotter plots of 
triangles re'quired) 

(if tetrahedral plots 
required) 

blank card inserted here 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. 

7EOF 
8 
*EOD 

Notes 

(7 overpunching 8 in column 1) 

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

(ii) On PLOTTRIA cards if an accurate F.MA triangle is deSired, leave column 
12 blank; if the -Q-Ab~r triangle is desired, punch a 1 in column 12. 

(11i) On TETRAHED card: if an :FMA-quartz tetrahedron ie desired, leave column 
12 blank; if a Q-Ab-or-coi:undum triangle is required" punch a 1 in column 
12. ' ' 

(iv) Format of 
card. 

Columns 1-8 

Column 9 
Columns 10-11: 

Columns 12-63: 

the optional trace element card is similar to the 'major oxide 

registered number 

fraction letter 

blank 

trace , element data in fields of four columns each. Values 
are ' quoted in integer numbers of ppm, rig~t 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). ' 
,E.1ements , are ~_og,~d , in , '~he_ order F, __ S, C~ ', V, Cr! ,Co" Ni, Cu, 
Zn, Rb, Sr, Zr, Ba. 
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BIGGBART 

(a) Purpose 

Program BIGGBART computes Biggli values, the Barth 'Standard 
Cell', the Basis (of the various Niggli norms), and data for plotting the 
four triangular diagrams, Q-L-M, Q-Kp-Ne, (-Ba-Ca, an~ Fe-Mg-Ca (the last 
two are not the normal ternar,y diagrams but represent the element contents 
in aluminosilicates and in alumina-free silicates respeotively). All the 
computation methods are given in detail by Burri (1964). Qptionall1 the 
program plots the triangles on the lineprinter and graph plotter. 

(b) PrOgram Operation 

'lbe structure of the program is very simple, with the Biggli values, 
Barth Standard Cell, and Niggli Basis computed consecutively for each sample, 
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. 

(0) Input Cards 

Job deck structure is given below. 

-JOB, charge code , ident, timelimit 

*EQV1P, 1=PL, 2-PL, 5=60 

-Fl'N, X, L 
Fbrtran deck inserted here 

-LOAD 

*RUN, timelimit, printlimit 

TRIANGLE (if triangular plots required, start in 
col. 3) ' 

Silicate analysis cards inserted here 

7EOF e 
*EOD 

Notell 

Total time = run time + 2 minutes 

!un' time = n/20 + 1 minute 

Print limit = 600 + 250 lines 
, -
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ZAVSKY 

(a) Purpose 

, 'Ibis program computes Zavaritsky parameters (Zavaritsky, 1950;' 
1964, Coatsp 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 11 tera ture. 'j • 

The parameters are divided into four 'principal' numbers and ten 
'supplementary' numbers. The principal numbers, a, c, b, and s SUlD to 100, 
and have the following significance. 

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

c is 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 ~ith aluminium, it includes 
any aluminium excess over alkalis and calcium or any excess of 
calcium and alkaliS over aluminium. 

s is the relative number of silicon and titanium atoms. 

'Ibe~ are ten supplementary numbers (or 'numerical characteristics')' 

f', ml, and c t represent the proportions of iron, magnesium, and caloium 
respectively in simple silioates 

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

t indicates the content of titanium 

p represents the amount of ferric iron in Simple silicates 

Q indicates the exoess (if' positive) or deficiency (if negative) ot 
free silioa 

In rocks with an excess of aluminium over alkalis and caloium, c l is replaced 
by a value at which indicates the surplus of alumina over that require~ for 
alumino-silicates. 

In rocks with an excess of sodium, the value n' is obtained, indicating 
the sodium excess after formation of aluminosilicates and ferrisilicatea 
(e.g. aegirine). If there is an excess of alkalis over aluminium, the 
valus of c becomes negative, and an additional parameter, 0, indicates the 
number of exoess alkaline atoms. 
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The principal values a, c, b and s mq be plotted in a tetrahedron, 
each rock composition may be represented b~ its projections on to ~o of 
the triangular facies, and Figo 5 sho~s the conventional presentation of 
this pl9t as suggested by ZavaritskT. 'The equilateral triangles are trana­
formed to right-angled isosceles triangles for ease of plottingo 

..... .. 
Supplementary characters maJ also be indicated in the same diagram 

by vectors constructed from the plotted points %1 and %2. 

The veotor on point x1 represents the alkali relationships (Fig. 'a), 
its length being proportional to total alkali content, and its direction 
depending on the K/Na ratioo ' . 

The vector on x2 indicates the 'relationships in the t'm'c' or ftmt~' 
system, and its construction is illustrated in Fig. 6bo The end of the vector 
is the point ~ithin . the appropriate triangle at vhich the rook oomposition 
plotso 

...... ,. 

(b) PrOgram Operation 

Fbr each silicate analysis input, the program computes ' the 
ZavaritskT values exactly ~s directed' by Zavaritsk7 (1964). Soratch drum 
storage is required to sto~e the values until the end of the job, ~en 
the orthotetrahedra1 diagram ~s plotted. 

( 0) Input Cards 

Job deck structure is given bel~o 

*JOB, chargecode, timel~it 

Fbrtran deck inserted here 

*LOAD 

. *RUNo -timelimi t, printlimi t 
Silicate analysis cards inserted here 

'*IDD 

motes 

Total time = ran time + 1 minute 

Run time c 0/,0 min~tes 
Print limit = 40n lines 
There is. no .limit to the number D ot ~lyseB that can be prooessed in 
one rung but the diagram can look very orowed if more than about 20 -
rocks of similar oomposi tion are inoludedo 
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APPERDIX 1 

Listing of program CIPWNORM and the subroutines TRIGDIG, TRIGPLOT, and 
TETRPLOT. 
TRIGDIG and TRIGPLO'l' are used also b7 program NIGGBART. 
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P~OGRAM CrpWNOJ~M 

C TO CALCULA TE TilE C 1 PW tJOHtl or A HOCK F'ROM A S I l. r CATE ANAL. VS J S 
G ~'R I TTDl BV w. R. MOHGM! 
C REVISeD BY S.HENLEy ~MH 1971 TO INCLUDE TRACE ELEMENT ANn TRIANGU~AR 

-G- - 9IAYAAM • RATio DATA. -- - -A-\;-k--RATIO~ ARE HI W~19HT PERCENT, 
C 
-G- -

UIMENSION IELH(2H),HINL(49T,T(27) 
DINEN~ION NT,TLE(2) 
I NTEGFR Z1 . 

- - '!'" 

C1MMOf'l IJKUItI -- - --- --------- ----- - ----- - _ _ ._. _ _ _ 
DATA (I~LM= 6HSI02 ,6rlTI02 ,6HAL203 ,6HFE20J ,6HfEO ,6H~NO , 

-1- - n _ - - . --- ~H+4Te-- - - , 6HCA~- · - , 6~INA20 . ,6HK?-O .6HP205 u-.,..{»4-H2 n (.-}., -
2 6HI 120(-),MiCU2 ,6HTQTAL ,6HF ,6H5 ,6HCL , 
is 61fV, 611CR ,8HGO ,6I1N! ,9HGl:J ,6HZN , 
4 6HR~ ,6HSR ,bHlR ,6H8A ) 

--- - - ---- - - 1:l·,\-l-A- +Ml NLa AHnUA~TZ ,BHAGMITt: - ,RHCORUNOYM,8HZI~C-Q.N- -y - ---- - -- --- -- . 
1 8f1WOLL.A~TO.SHN)TE ,BHORTHOCLA,6HSE ,8 HDIOPSJDE. 

-- - ·---·-r-- -- -- ----.. --8#*fl ,8I1ALBI Tl ,8HEN .8HANOIHIII Tt8ME 
3 8HfS .BHNEPH~LIN,8H~ ,8H~YPERSTH,8HENE 
4 etlllUC 11 L , BilK AL H1P!li , BilL ITl , eHe LI If I NE I BtfFO , 
5 8~HALIlt ,ijH.A ,8HMAGNETIT,8HCHROHITE,eHHEHATITE, 

-- .. - ----6-- - -- 6-H-lt-ti+::N-HE: ,IltlPLA9 19Gb 6HASr AN, aliR UT J LE • 81H PAN He. 
7 8HP~ROVSKI.8HTE ,8HCOLOUR 1,8HNDeX IS ,eHAPATITE , 

-----8----- - --- - -&l+Ft-OIlH 1 H:, AIH>¥R IlE ,SHOALS JTE ,8118 A ~ HE t 8HW H~ER IT, 
9 8HSPHALtRI,8H .SH ,8HTOTAL ;8H ) 

18 f9~~AT (2X'A8,1~,14F4i2/11xilaF~I~) 
15 fOlH1AT (2X,A8,lX,14f4.2111X;13f4.4) 

---- -.. -~F aRHAT (2-)( Ita ,1)(, 14F 4 .2) ---.----- .-_._-- -_. __ .. _- - - - - .. _-- -
30 ~OR11AT (lH1,60X,8Hf'AGE NU.,)b) 
4 (j ~ 9~M A T( 111 .5 X, • e I p~j ~-GF-SAM~l-E----N--Q,-- ·--. 1.R) ----- ~-- . . .. - ----
50 ~OHMAT(lH-,9X,osILICAn AtJALYSIS.,~6X,.F"E:MIC CON~)TITUENTS.,29X,.SA 

iLlS 6n~I~TJTU[NTS',119X,.uXleB.,§x,.P(RGENT.,11X,·HINERAL.,ex, 
2*PlRC[IJT*,4X,*GOMPUNl4T PERCENr*,16x •• HINERAL.,8X,.PE~CENT.) 

.... -_ .. - -·-~·40:.e HHA-T+l-G-)hA-6-y 4*"~-1--r-2---.--1-1X , 2 A I), ~- CI ,2, 4 X • A8 , J)(, F 7 , · 2~-16-X-,2A8-, ·F 6 .. ,-2·' 
6~ ~ alHU T ( lOX. A 6 , 4 X , ~ 7.4. 11 x, 2 A 6, r 6 .2 ) 
8 9 r aWI4 A.f-( 10 X , A (, • 4)( , ~ 7.2, 11 x, 2 AU, f 0 ,2 • J 8 X • 2 A 8 I f-6---r2-.).---
9U fJHHAT(10X,A6,4X,~7.2.37X,A6.3X,~7.2,lbX.2AB,F6.2) 

10g f1HHAT(19X,A6,4~,~7.2,71~,2Ae,~6,2) 
70 FORMAT(38X,2A8,f6.~,/3BXI2A8,F6.~) 

- 1-1-0 . - -~ OR.b1A T C 11-20X-,-* T-R ~AN-UUb. Aa.-Il·ATA D' AGR~""/-I--I. 
1~X,.K20 - NA20 - tAOe, 

-1 ~,,"'!.l() ~- +-S-- -'" .-h;tJA·,..30.x, ... gb-AGI-OCl,ASEi .. AN-*,10X,F:6·,2 
2,/lHO,6X, 
2 .Q·,F12.2,§x,·K2Q·,~lJ;2,~X,.WgA,flg.2,JOX,·COLQUR INDEX IS., 
311X,F6.2,/7x,.rLAu.,f9.2,5X;.N~2u.,rl?t2,5X,*Fs*,r10,2,/7X •• OR*, 
4F-11 .2, f} x • --c AD·. r r 1 J .. 2., f.).X-,--*f-tJ-*-t-f·-1-'j ·...2- ... 3'O'X ,.ACA-l---t-.- --CE~S · 1 T·Y •• --1-2.X-t-r.6-.-2-'-

120 fOH~ATCI18nx,*SOllUlf )CATION INU~X.,6x,r6.2,/7X,.Q - AS w OR*,5X 
-1.,-.u-R .... .A-U AIIUL,.5-X., .• -f - -- .. 1!L------ . ...4.-JL-r--5-X-~~ .. NJ:; . ... Q.a.,..l.3X..,...t.THORN 
2TON - TUTTLE.,/BRX,.UIFr~RENTIATJON INDEX.,5X,F6.2) 

1JQ ~O~WAT(7X,·Q.,~-12.2.5x.·ur·,f14,~.5x,·r·,~11,2,5X,·Qb •• r10,a.i3X, 
1.P~RAlKALITY IND~X.,9X,f6.2.17X,·Au*.r11.2,5X,.AB*,F14,2,5X,.M., 

- -2-! -1-1-.- 2-,-S-X.., ... W ~ .. 7 r llJ-.2-, 1~ x~~,tN.A-2 u ...... .a-ax ..... r-6.. "., 1--1--X-~JLO-fh--t .r U.-t·2-t-54AJ.N-A 
3,~14.2, 5X,~A.,Fl1.2,5X,.Q.,~11.~,lJX,.TOTAL FE AS ~EO.,11X,F6,2' 

- - -- -- - --3-0-0-- --f~U~u...(..2..A..8.). - · - - - -- ----- .- -... --- ... ----- -
310 I JKLMN=O 

ITHQ-P 
> IALANI(=8H 

_ _____ ..leU ;;.14 

1 TH I li=6HPLOTTR I A 
._------ -
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,.5DAD CIPWNOH~ 

TETRh8HTETRAHED 
IITRIA=IITRIG=O 
LAt:tQ·SIfOU/"nZ 
LABCOIIBHCORUNDUI1 
LA8A=SMAtBlTE 
LABO:leHORTHCL.S~ 
LAtJP IIBHPLAGCLSe 
LABANa::6HANORTHTE 
LASK·8M 1<20 
LAaN=SH NA20 
LAt:te"SI:4 eAO 
L.AI:JW:I3H WO 
LAnF-8H fS 
LARE=1lH EN 
to At:t! = IHI r RON 
LAt:JAA:8H At,.KALI 

, LAUtl - 8IU1"ONESIA 
LAH51.:8H 5102 
LAHAL.BH AL20J 
LA8f) 1:8H fEMICS 
J l'R I A: BIITR I ANfH:;e 
JKI..=O 
NPAGE-1 

320 CONTINUt: 

04/0'/72 

C READ CHEMICAL DATA FR9MGAR9S, EITHER 14 OR '21 E~EHE~TS 

c 
c 

IF (JOO,EO.27) 330 ,340 
339 IF' (lTtII~. EO ,1) 3311 332 
331 HEAD 10,NAHE,(TtJ),J=1,ICO) 

IF EEOF,6B) 1250,359 
332 READ 15,NAME,(TfJ),'J=1,ICO) 

IF (EOFi68) 1250,350 
340 HEAD 20 • NAtlE, (T(J),J=ldCD) 

, IF (EOF,66't2S6,35iJ 
390 It (NAME.EQ.ITRIA)390 ,360 
~6g lr (NAME,EQ.lr~I~)499 ,370 
310 If (NAME.EO,TETRA) 380,385 
~8~ lr (NAME.EQ,8HSPECIA~ ) 386.420 
386 lTHR=1 

GO TO 418 
380 ITET=1 

IF (TEUtOr.e,a, NOPQ:l 
390 lITRU=l ' 

(;0 TO 419 
4 0 0 I IT RIG': 1 

lrCT(!),GT,6,9) JOAN-1 
GO TO 410 

41Q CONTINUti 
(;0 TO 320 

428 IF (NA~i.E9tIBLANK) 439 ,448 
430, I co= 27 

go TO ;J2e 
440 CONTINUE 

JKl;o~JI<L·1 
- SUM=O,O 

1:10 45a '-bICO 
IP (I.NE,12.ANn,t.N~,13) SUH~SUH·T(I) 

--------~4~5*~-u~·O~t~4T~ ------~---------------------------
' DO 455 l=l,rCD 
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If' (I,EQ.12,OR.l.t:().13) 455;453 
453 T( l)=T( 1 ).100t/SUM 
455 CONT I,all:: 

SI=T(1)/60.06 
11-T(2)/79,9 

04/09172 

AL=T(3)/101,94 
----------~F~3~=4+~(+~~9~,~6~8-------------------------------------------­

F"2=H5)/71.84 
F''1~hT(6)n9.93 
F'~G:T(7)/40,32 

C~-T(e)/56.eB 

HIA=T(9)161.99 
--'------ v I< - T ( 1 e-)-+91~4 •• 1:1"19------- -------------------------------­

PaT(11)/141.96 
0.1(14)144,('1 
Tf :: 1(15)/19.0 

.- . __ . ------T-9 .. f( 16) /32. 05b 
Tel • T(17)/35.457 
TV .. T(16)/5£1.95 
lCH = T(19)/52.01 
TP(jS- TE2e)/5fL94. 
TfNI: T(21)/58.69 

--------~T~r~U- T(22)/63.54 
TfZN= T(23)/65.38 
Tn~ - T(24,/85.48 
TSH :: T(25)/87.63 
TZR - T(2&)/91.~2 
TOA = T(27)/137.36 
C,,-CA+T5R 
F '1G::Ft~G+Tr r~ I 
~2-r2.TfGQ·FHN·Tf~U 
Y'<=YK.T~H 
XONA- TC!:9)/T(9) 
PERINO=(YK+ZNA)/AL 
F~-fl+TV 

PRINT 30 ,NPAGE 
NPAGEaNPAge.1 

46U CONTINUE 
1:)9 465. 1-1,160 

465 If' (l.r4E.12IAND.J.NE~13) T(U=T(I)·SUM/100 • 
. .. -- - ---P-OP.:.M'----------- ------------------ ------------------

ZIR=CHR·f'LU=PYR=SPHAL=HAL=BAR=WITH:O.O 
-----~F~T~R+~~4~-y,44~7~9------------------------------------------
470 ZP~=TZR.1.5 

. SI-SlaHReS.S 
480 IF (TCR) 500 ,500 ,490 

--~4~90~R -TCR·2~~--------------------------------------------------­
F'Z=F"2-CHR 

... -- -~-oG-l-~-+~..w-.-------------------------
510 lr(rF-p.O.~)530 ,~JO ,~20 
~2Cl TF-H g, l*P 

· POP=Tr 
----~F~· L~U-~~-·~.3~----------------------------------------------------­

CA=CA-Tr*l1,5 
IF'-O.Q 
GO TO 540 

5JY TF'-9.9 
P!)P:O,O 

- .--.-- ------i-4f. l F (HU-!)~t}--,§6{)---r->!).g.O---------------------------

550 TCL::TCL-POP 
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1'i1\L.=TCL·2.0 
ZNA=ZNA-rcL. 

566 II'" <HN-TS) 510 ,:)76 ,S80 
!HO SPHALaTZN-2 

-------'Tr-q9~S. TZ~ 

124/09/72 

. ~ GO TO 590 ' 
--------~~&&_sp~L~9~--------------------------------------------­

T ZN= TZN-T~ 
F' 2-F2. TZ~J 

590 CONTINUE 
699 YK-YK.+~~~~----------~---~------~--------------------~ 
610 PVR=TS*1.5 

---------f!6riJ--2 o--l'-S ::.Ch-nr----.'-­
lrCF2-TI)630f640,~40 

639 , )(11:;=-f2 , ' 
' TI=Tl-F2 
~~-------------------------~--~-----~------------------
uO TO 6~0 

6~O ~IL~JI 
F2=F2-TI 
T I • 9. 

6'0' Ap =p 
--------~~C~------------------~--------------~-

Jf(C-O.)660,660,670 
------~6rl6~e~G~e·-DI,I-----' ----~--------------------------------------------

00 TO 680 
610 ee-e 

(,;A=CA-C 
---------6a~rr~~~~ftOT,~7&e&e------------~--~---------------~ 

690 ' POH=AL ' 
-~---------~1'~'1~t-·---------------------------~-------------------­

AL=O. 
,BI) . TO 71e 

700 ·pnR=YK 
----------AA I;;:-Al.-'tV'¥IIIi;--------------------------:----------- '- -----.. -- .. - ,-- ... '- ­

, , PI.j=o. 
·'to IF(AL ' ZNA)7~e,78e.729 
720 . 1':11 

,. I'I\H'-ZNA 
.AL= AL-ZNA 

.-.--~- .. r~-·------l, F (A\.;-O A'l-?" 0,'7-30. -13-0 
730 Jal . 

-----'---"-------------'---:.---.-------

--'----;-" ---'~, - ,--A Lf =~ A ---.- - .. ---.. -.-.. ----.------'---------------
CO=AL .. CA 
HUitT! 

' .. - Yf=O. . 
--,-,--,--------ijO-:-T-O ·;-R~O----· ... - .-------'---------------~-'..:..----'-'-:~.:......:..~--.-------.:., 

• • I • 

740 J=2 , 
~--~----, A;..j=:A-l.--'-----·_-- ---

CA=CA-AL . .. '- ." 
-----------'~b~o~-e~,~-. ------~------------------~.~·, ~----~~-.------~J 

- 750 , IF" ,( C A - TI ) 760. 760' ,7/0 : . ,': .. _ , 1 
,:- - ~.':'-.-, 160-- ,1~ ·.1--- -:---·---,-·- ·- -.:...·~- --· , . _ .. . . ----------,-

1-1F"=CA 
----:-. -·-,-· ~H:.~-I---G~----·-~----' - . , 

· CA=O. 
,- Ii 0 T 9 B !i e . . . ~ . 

710 Ka2 . 
---- ,":- -' - . - '-.. ~F-= :H·- ··---~ ,- "--,"-,--, ----''-----,---- -. . -- - " - --" 

R:J= 0 • 
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CA:CA-TI 
,,~ TO 850 

786 till 
..J=2 

04/0911 2 

--'-- ----'--- ----- ,--fJ-A-H=&It.-A ------:--- - ---=-----:------------------,-. 
AL':O. 

-.-------------" ,- -A;-/~ 'r 

. CJ=Ot 
(~() TO He 

790 1=;5 
- ,--~------'--- -- J;.?- --.----- -----------'----- --:---------- --__ -:-

p 4_11= AL 
- ,- - -=---------- · - -----:-:t-:~,A, = ,~-N-A--A-b;------;-----''----'--·---''---------::-------- .- _, __ _ ,...l 

A:·I: 0-. 
co-a, 
IF(ZNA ~f .3)800,B10'Ul0 

--'- ---- ,. f,! O,D -,1.-:1---.' .---' -------'----------'-----~---'---'------'-
~ C = Z ~I" . 

.. -----------~.:.t-= th:__ : . 
~ 3=r3-ZNA 

---------~TO 826 ' 
:311J L =2 

. . 
, __ ._ . __ _ -;- c._. --~- ,.-----A-d-e f -3- --,- , ,----. --=------------'------ - - -----:-------,-

. S;1 = Z tJ A - f 3 
.. . -----,- -------f-:t·O • -..,,----_-----------------~-~-----'---------:----

82 0 1 r t CA-'Tll830, 830, ij4Q 
B3f1 ' 1\:1 ' . , 

P.r=CA , 
.. _ -._- ---. ---·- ·----H-il~.:r- I· -tTC_PrA----,--

CA=') . 
- -, -·----------~,~T-e--B-fj-6-6-t}e-~--:----~------------------~----

I:'MI ~=? 
. IT II Tt 

1-< ,,1:0. _ 
----,-.--- ,---,-~ (;·A,~I----'-------------------...,-----------

_- ' GO TO --86.0 
.----'-, ----,~5~,b_L •• 1-1-, - _-,' . ..,----,---:---------'--'-----,--;--~---...:..:-_:__---~:__:_~-__:_-

, ,, - A'C= 0 t '" '-, 

:S " - Q ',- _ 
. ,. 

, .. ' , . 

860 ~I) 'TO( ,070,,900:',L 
- ~~ s..J· O ·· ·~ ·,~'r:· ( . f: ·a~ J'~~·S·8-0~.g:&.9.T' O-S"'l-9u-1l-:---'----":----·- '-' ---~ 

. 880 ' 1: 1-1T:' ~ 2 '. . 

. '--' - --:~'--" '" c ': j:"-3-:-r~-.:...- -.--..:~,---------'_:_'_--::__""'"-'---:'~-'-,--:----'-----~----"----~_:'­
~ 2:'0 t ' . 

4;1 ' _TO '919 
". 

- , 
" A9 0 ' t:; ;-IT:F:3 - ,. " ' . " :' ~ 

. . ... ,.',- - .. " , - - .--J..?=~-~-F;-3 -,---~-----~.:.:.,..--:------:-':--..:.-~-...:,....~-,--_:__~--,+'.'-',' 
. . , - .' , 'HE-: 0;, . , 

-;- -~· : -~~~-~ ·: - -~O--rG~-·~9~1~g-. --~------~. ~. ~.-_~~~~~~-~---~--
. ' ,' 

90,0 E:: :H : ,0·" ; -~ , .' " 

, ' ' ' -', "'E'9 , ! 
. "-. • ',':: , : ,'t . " . ;. . . - ~ ~., 

, , 

I': 
'. 1 . 

" , 
.. , -.' ,'. ~ .' - " : . '. ' ,", ~ 

',,: .rr . '" ' ' :: ~ ,_ '. ~ ',>: ' .... . ' ." '. 

. -, 
• I " . , . ' U,F':; : 0 i ', ' - '. " . ._ 

. ~,~-~--~:~-~-~g TO , :Q7~-,., -'--'~' ,-------"-~,---:.,..:---.:.:. .. '-' :...., ' -. -'~,-_ --;-. ~:"'-~-'-::~,":". -7-~-'-7---':-;---'--'.---,-;'---~ 
,: . - , '. " ,930 ' 00 TO(920,-940).tK, 

, • -, ... !' ' .' ~ I 

- ,- ' ---,-,- - -.-- ---
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,.5DAD CIPWNOR"I 04/09/72 

940 peN=fMQ 
PF'S:F'2 

. r'--------------~x~w~o~=~e~A-------------------------------------------------------------
Jr(XWO~(PF'S+PEN)'950,960,960 

956 Hai 
o...,o=xwo 
DFS.PFSIDWO/CPFS+P6N) 
UEN=PEN*OWO/(PFS+PEN) 
PF!:i·PFS~BP9 
PEN=PEN"'OEN 
WoaO l 

CJO TO 970 
960 H:l2 ---

I.lWO:PEN+PF'S 
WO .. )(WO-BWe 
UEN:PEN 
9FS-PFS 
PEI'l:O. 
pr~~6. . 

970 SA=6.*PA8+6,.POR+2,*AN+DWO+O&N+DfS+PEN+PFS.4"AC·PH+6HtWO+PF 
1 r ( 5 1 'S A , 99 fll 9 81h 98 e . . 

980 QZ=S~-SA . 
AR":PAB 
OR;:;POR 
E~=:iIPEN 
fS;:PFS 
TN=:iIPF 

· PF"=O. 
AK'= 1:1. 
VKA~O, . 
)tIllE.B, 
PLE:O. 

·. rOlle, 
FA=O, 
GO TO 1'139 . 

990 SB=61*PAA.6.*POR+2"AN.DWO'O'S.D~N •• 5*PEN.~5*PFS·WO.4.~AC.PM.SH 
IF(Sl~Sa)1e1a.180e,1eee .. . 

100P UZ=O " . 
T '~ - a I . 

A9=PAB 
OR~POR . 
SL=SJ-(6.*AS+6.*OR+2,*AN+DWO.DEN+DFS+4,*AC+PH+SM+WO) 

_. '. -- .. ---------f'P"-"Hf-'Y'-"'.,4"P~F'~S ...... Pe.e~~~ ------------. -' --.---~--__,:---------'-------­
OL= 2 ,·.P!:'IY .. 2, *SL 
~HY-PHV=QL 

-' FO=PcN*OL/CPEN+PFS) 
· - - --- -----~~f~A~=p~r~s~o~O~lrlly(~P~'~N~+~p~r~s)~----------~--------------------------~-----­

E~==peN ... FO 
rs=prs·r A . 

. AK=O I . 

lJt<A-Q. 
XrJE=O " 
~Lt:~O. 

GO To 1130 . 
1910 ~C=6.*PQR.2,.AN+CWg·DrS.DE~.t5°~~N·,5.~rS·2 •• PAa+WO~4,oAC.SM+PH 

IF(S~~SC)1030,1020,1020 . . . 
1geo 9Z=I:I, 

TN:zO, . 
O,R-POR 
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,.5UAO CIPwr~OI'n 

f4=PFS 
E:\J=O. 
F9-S, 

04/09/72 

SV=SJ-(6.*OR.2 •• AN+DWO.DFS+06N+.~*FO+.~*FA+WO+~,*AC+SH.PN) 
--------------~P~~.t~.6t.PAO SV 

X Nl:: PNF./4·, 
------------~.~A~-¥P~&~~~~~~4E~---------------------------------------------­

AK=O, 
't'KA-e. 
PLc=O. 
GO TO 1131) 

1030 Sn=4.*POR+2,*PAS+2.*AN+DWO+DEN+DfS+,S*PEN+.5*PFS+WO+4.*AC.PM+SM 
JFCSl-SO)19S0d,e49,H149 - --'j 

1040 OZ=O. 
T '~II.!;) , 
XNb.=PAB 

----------~·~a~·~o.,---------------------------------------------------------------
FO=PEN 
FA-PfS 
£:1'1:;0, 
FS,.e. 
S ~"::S J .. (2 .• * At.j+ 2 • *XNr:+D~IO+UF'S+DEN+WO+. 5*F A+, 5*rO+SH+PH .. 4.*ACl 
PLE~(6.*POR~SN)t2. 
OR=POR"PLE 
A;<~a, 

VKA=O, 
£19 TO 1130 

1050 GO TO(1060,1080),M 
106Q SE=4,*Pg~.21.PAB.a,.AN+.5.gWQ+.~·Dr5 •• 5·DEN.,5Aprs+,'.rEN+4,*AC 

SE=SE+SM+PM 
IF(SI-SE)1120,i879,1979 

1070 QZ=O. 
TN=O. 
PLt:=POR 
OR-a, 
XNE=PAO 
Aa-s. 
FO=PEN 
F"A-PfS 
cN=O. 

------------~F~· S~-~~OT.-----------------------------------------------------------~ 
SO=S[.(4.*PLE+2,*XNt+2,*AN+4,*AC+,5*rA+,5*rO+SM+PM) 
HOI-(2 ·,.SO (DEU.g~S+gH9»l2. 
XO~=(DEN+ntS)-RDI . 
AI(-Olle Hel 
Ol,olO=RD 1_ 
XjfY-RDI 
GfS=UfS*XHY/.(OEN+UfS) 
GEN-U'N·X~Y/(DEN.UfS) 
XfA=DfS*XOL/(OEN+UfS) 
XFQ-gEN·X9b/(9EN·~f~) 
lJEN=GEN . 
IlF'S-aFS 
f A=F A+Xr A 
fo=rg+x~o 
VKA=O, 
go TO 11~9 

1080 sf=4.*POR+2,*PAB+2.*AN+,5*WO+owo+orS+OEN+.5*PEN+,5.PfS.4,.AC+SM+PM 
IF(SI·sr,11aO,199Q,1099 
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'~'DAD CIPWNORM 

XSl=SR .. SI 
AK!l2,.XSI 
Wo-we-At< 
ClZ=O. 
Ttlj~e , 
PLE:=POR 
OR~EI, 
XNE=~AB 
AR-9. 

~f-.J=O, 

04109/72 

FS-O. .. . .. -
VKA=O, 
80 TO 11~O . 

1100 SG~4~.PO~+2,~AN.~ ~ ~PAB •• 5.WO~.5.UWO.,~.DeN.,5.DFS •• ~.PEN.,5.PfS 
--------5-S~4, .AO.SH .. pH . . 

Ir(S~-SG)1120,1110,1110 
1119 GlZ=9. 

T ~I= 0, 
OR-a, 
P'LE=POR 

, ' )HIt:=PAB 
A8=0 • . 
Idp,ai 

· FS;:O. 
FO:-9. 
FA: o. .' 
S~-Sl (4i.PLE.2,.XNE.2.!AN.4'.Ac·.§.rA.i~.rO.SM.PM' 
RDl;(2.·SQ~CDEN.DF5.DWO!HO"/2. 
)(O~-.(DEN.DFS) -Ref ' . 
AI(=(DWO+WO).RDJ. . . 
I:lW{hRDI , ' " 
w('!=o •. 

--~--~---~X~II~HDI , 
. . GF's=urs*xHV/« DE'N+Dt S) 

, " GEN-gEN*xH¥1 C 9cN:...urS) 
' XF'A=DrS*XOL/CDEN+OfS) 
)(F9I1BE~·KO~/(9E~·Y~S) 
fA=fA+XFA . 

-------~~~F~O·F~·~~O,~---~-----------------------------~---------------­
.. , DEN=GEN 

------~-~urs~r~s~~.-----------------------------------~---------------­
VI(A=O. 

, Be TO 1130 
1120 CilZ=O. . 

TN=a. ' 
OR='O. 

------~----~X~~I~~Q-------------------------------------------------------
A8=O. 
~'I·. a I 
fS=O. 

----------~f' ~E~N---------------------------------------------------------
f'A=PF'S 

--------------~A~~~GO------~----------------~------~----------~---------
fO=fO+OEN 
rA=~A.g~6 

WO=O. 
----------IoUI-/f(4o:·o..---·---- - .--.-- ------ ------- .- - -.. - - ,,- , ,,- ------ ... - - - - -- -. 

UEN=O. 
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1130 

DFS=O, 
5T=2, .XNE+2, .AN.4. *AC+SM+, '.FiA.'PhF'O+" '.AKtiPH 
¥91~StpST . . 
PLc=(YSl-2,.POR)/2, . 
VKA-(41·POA~YSl"2i 
AQ;lIT( 1.2) +T (13) 
QZ-QZ.60,(16 . 

. OR:;OFh55'6. 49 
A9~A8.§24,29 

' . ..." . . '- . 
PLc=PLE*436,37 

.. 

04/09/72 

------------~\H'KwJ~,-~V~~~A~~1~67.~2~5------------------------------------------­
CO=COlJ101 ,,94 .. 
AO-AG.H~1191 
WI)=WOill1p, (4 
~~U~~j~,~~.r.1~4~--------------~----------------~----------~--­
UEN=OEN*10'Q,38 
DF8- DrS o 1.31,ge 
t: ~I=E:N.l00, 3e . 

. F 9. r 5 If 1.31 • 9 0 . 
AK=(A~/2,)*172.22 

-----~r-A-o G+F-6-t-2 • , '140. '1 
fA=(FA/2.)*203i74 

-----------e!i+41'1+<T a-EH T .. ? 3 ", 5 2 
· HE=HE.l~9. 68 
XIL=)(IL I 151.H, 
RI):::RU'79,90 

---------~T~q~-~9~6~,O~4~-----------------------------------------------­
PF"=Pf'.135,98 

--------~SW+· II~:;S-t1o 12 2 ,'65 
.P"!=PM*154,25 
",p·AP.336.~1 

.HA~=HAL . '63,45/2" 
H.Y-~LU~78 .10 , 
PYR=PYR.1?'O:, OlJ; 
Ir (AN) 1140,1150,1159 

1140 AN;:O, 0 
~~--1~1~6~'g~C~O~N+T+l~N~Y~E----~,~--~--~~------~, --------------~------~------­

S~H2=XIL+AP+CC~PH+AN.CO+RU~PR+AC+TN.EMT+AB.H6.WO.EN+rS,OEN.DrS~OWO 
SYM2-SY~2.QZ.9R.~g.rA+XNi.PLS+A~~VKA·AQ . 

I DENT Y =X I L/4, 79+ AP 1;S .1·+CC/2 t 711 +AN/2, 76·CO/3, 96 "R~/ ,4 ~ 25 
1 '.Pf n .-9-8-+-ACJJ. 55+eMTl; ;'20 US/2. 62+HEi5 .:256+1010/3. as 
2 +EN/3.18+FS/3.95+DEN/3r18~UfS/3.95·DWO/3t25·QZ/2.6' 
3 .OR/~,§6+rO/l.22+fAl4il9.XNi/2.55.PLEk2.47 
4 , +VKA/2,59+CH~/5,09+SPHAL/4t096.Z1R/4.65~HAL/2,16~ 
5 . + F' L U 13 • 18 • P V Ff I ~ • 91 + H~.( a , j '," . . " , . . , 

C' .LKALI • Q - G ' THIANGL~ ' 
TOT-T(1)+T(3)~T19)·T(19) -
Z AT : ,0 ( 10 ) .. T ('9) ) IT 0 T. i a 0 . 
ZQZT;T(1)/TOT e 190 ' 

. :: . '.: ..... . 

' ZCOT=T(3)/TOT'100 ~ , : 
OLNEWeXgLIV+EN.149,7/200.,. ~~i.~Ol.74/2'J,8 
QNEw=aZ.(EN/200~76+fS/263.80'Aa/131107'.60.06 
X~~NEW-XNe·AQ·142,Q2/262,l4 . 
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.,.'DAD C I PWNORM 

c 

e 

C 

O~NEW.O~NEW.100./TOT 
QNEW~QNEW·100,/TOT 
~NENEW~~NENfN.1ae,/TBT 
TOT III 'T(5).0.9.Tt'4). , T(7). Tee). T(10r 

. , . ~~A 9 1A~HAM 
" TOTrijcT(5)·0.'*T(4) 
FMAF~TO'FE/TOT ~10el 

,' tHAH~ , T(7)/TOT ~100. 
F~AA- ('(9).'(10)ITO' ~te~, 
TQT: T(10). , T(9) • T(8) 

.)(10: T(10)*100.0/TOT 
XNh ' T(9) *1ae.0/TOT 
XCTi:' 'T(8) *100,0/TOT 
,or=Ol. ,Mh: OR 

XOT= QZ '1ao.e/TOT 
XAT= AS *100.0/TOT 
)(6T- OR *1oa.o/TOT 
TOT= TOT '+AN . 

K/NA/9A WT OOT 

Q/AB/O~ WT PCT 

" ' 

·c WT peT 

.C 

XQQT= , QZ ,*100.0/TOT 
XPLT= (AB~AN'.leg,O/TOT . 
XOOTl: OR. )*100. O/TOT ' 

, .TOT a: 'TOT \ ..,QZ ' 

'. xORia: 6R 6100.0/TOT 
XANT~ A~ *100;0/TOT 

ASIAN/OR 

DJFIND~QZ+ AS. OR. XNE. , P.~E 

",T PCT 

SOLINe- T(7'.1ea,9/CT(1) ,·T(5?T~4'.T(9'.Tue» 
FF"F'F'= T(4).O.9 +1(5) 
teFH- ~FFF/(FFFF.T(7)' 

c' . . 1010 :- . rs ... . EN 
TOT- WO • FS . ' EN + gWQ • 9~8 . " 9E~ 
~WOT~ (wo.Dwoi.100.0/T~T · 

' ~FST- (Fs+aFS)119Q.O/TOT ' 

CTRAN~fER TRIANGLE . DATA TO O~U~U~I!~ 
c 

1160 WR I TE . ' C.~1 f ZA T, zeOl 
. " 

, WRITE (22) fHAf,fMAA 
WRITe '2~) XKT,XNT 
WRITE (24) ' XQT,XAl 
WRlTS (~5) XQQT,XP~T 
WRITE (26) XORT,XA8T 

. wRJTE(27) XWgT~XENT 
WRITE·, (30)QNEW.OLNEW 

·U10 . PLAQ-100.·ANI (ANotAi) 
. Ir (PLAO) 1180,1190,1190 
1180 PL;AG-9.0 

, 11.90 CONT I Nue 
PRINT 49 ,NAME . . 
SUH2=SUM~+CHR+SPHAL+ZIR.HAl~~LU~PYR 

· &UM~~AN+AB·OR·QZ·CQ.HAL·AK·VKA.XNE 
SUM3~SUM3+Z1R '" 
COLIND-l~tSUM3/SY~2) ' 
UENTY.SUH2/DENTY 

, ' 

, ~R tOO li,O 

" ' 

. ' , : 

04/09/7';, 

'.'. 

" " 

.. 
" ' .' , 
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,.'DAD CIP\4NOR"1 1)4/09/72 . 

765 

1299 
1210 

1220 
1239 
1240 
~250 
1260 

1270 
C 

1280 

1299 
1300 

PRINT 50 
PRINT 60,IELM(1"T(1),HINL(2"MINL(49),AC 
PRINT 1ge,tELM(2"T(2),MINLfl),MINL(49),QZ 
PRl·NT 80,IELM(3,.T(3),MINL(5?,MINL(6),~O,MtNLtJ).MtNL(49),CO 
PRINT 199,lElHC.',T(4),MINL(4),MINL(49),ZlR 
PyRQX=DWO+OEN+OfS 
PRINT 6a.IELH(51,T,§).MINL(9"M1NL'49"p¥RaX,~lNL(,et,pwo 
PRJNT 90,leLM(6),T(6),MINL(I~),DEN,MINL(1'.MINL(8),OR 
PRINT 99.JELH(?I,T(7),MINLC1".SFS,HINLC11I,MJNLC49),AB 
P~INT 100,IELH(8),T(8),MI~L(~3)~MINL(14).AN 
P'I'ROXcEN·rs 
PRINT 60,IELM(9),T(9),MlNL(18),MJNL(19),PYROX,HINL(12)~EN 
PRINT 99,IEU1(10',T(la).MINU1~),fS,HINLC1t",MINL.U7t,XNe _ .... -
PRINT 100,iELM(11),T(11),MINL(20), MINL(49),PLE 
)COl;; I V-F'e .+PA 
PRINT 60.IELM(12).T(12).MJNL'23),MINL(49),XO~IV,MINL'2'),rO, 

1MJNL(21).HINL(22),V~A 
PRINT 90,IELH(lJ),TC13),MINL(26).FA 
PRINT 100,IELH(14),T(14~,HIN~(25),HINL(49'.HAL 
PRINT 70, :1[NL(27),MiNL(14),EMT,M1NL(2a),MIN~(~9),CHR 
P R PH 6 e , I E L" ( 15 ) » :; u t1 , til N L ( 2 til ) dll N L ( 4 I) ) • HE 
PRINT 70, M IN(30),MINL(49),XILtMINL(33),MJNL(~9).RU 
P R 1 NT 69, I ( L tt( 16 ) , T ( 15 ) , MIN U 34 » , H I N 1"( 49 ) , TN 
PRINT 65,JELM(17),T(16),MINL(35),HINL(36),PF 
PRINT 65,IELM(18),T(17),MINL,a9),MiNL(49',AP 
PRINT 65,IELM(19),T(18),MINL(40),MINL(49),FLU 
PRINT ~5j!ELH(29},T(19),MJNL'42"H[HL(49),GC 
PRINT 65.IELH(21),T(20),MINL(41',HINL(49),PYR 
PRINT b5.IELM(22).T(21"MINL'4~j'HINL(J6'.SPHAL 
va 765 IJK=23,28 
diU .. ::! I JK t 
PRINT 65,IELM(IJK),T(JKL) 
PRINT 118,PLA8.*QUT,XKT,XWeT.GQ~lNB,XP~T,*NT,XF6T,XaQT,XGT.XENT, 

lDENTY 
PRINT 128,SOLINB,BIFIND 
PRINT 13n,XQT,XOHT,FMAF,OLNEW,PEHIND,XAT,X~BT,rMAH,XNENEW,XONAi 

tXQT,XANT,FMAA,BNEW,TGTFE 
F" EM I CS = SU~" 2~SUt·13 
Zl=2 
IF (ITET.EC,1)1200,1240 
IF (NOPQ.EQ,t) 1219,1229 
WRITE (26) QZ,A8,OR,CO 
GO TO 1239 
WRITE (28) FMAF,fHAA,rMAM,QZ 
WRITE (29' FEMISS.gR,AB,AN 
GO TO 320 
DO ~260 LUN: 21.30 
REWIND LUN 
lr (IT~T.Ne.l) GO TO 126U 
CALL TETRPLOT(LABFM,LABO,LABA,LABAN,29,JKL.2) 
IF (NOPQ,EQ.l) Be T9 127Q 
CALL TETRPLOT(LA~I,LABAA,LABM,~A~Qt28.JKL,1' 
(10 TO 120Q 
CA~L TETRPLOTCLA8U,LABA,LABO,LA8CO,28,JKL,1' 

BEGIN T~IANGLE PLUTTING . 
l~ (1ITHIG.NE.l) GO TO 1330 
REAB 399 , «NT! 'Lid I) .I =1,21' 
IF (cor,60) 1290.1300 
NTITL[(1).HTITLE(2)-8H 
CONTINUE 
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· '~'DAO CIPWNORH ' 04/09112 

IrtJOAN,EQ.l) 00 TO 1310 
CALL TR1GPLOT tLABl,LABAA,LABM,22,JKL,NTItLE,3) 

eo TO 1320 
1310 CALL -TRIGPLOT (LABQt~ABA,~ABO,24,JKI"NTIT!-S,3' 
1320 GALL TRIGPLOTCLAB9,LAAA,LABAN,2~,JKL,NTrITAL~e~,.~+,-------------

1339 If (1ITRIA,NE.t, ea TO 13~e 
CALL TA'GDIQ(LA9Q.LAaA,LA80;a~tJKL) 
CAbL iRI99JGCLABQ.LA8P,LABOiaS,JKL) 
CALL TRIGDIQ'LABAA,LADAL.LABSJ,21,JKL) 
GAbL ,R10DISfLABO,LABA,LABAN,26,JKL' 
CALL TRiGDIQCLABK,LABN,LABC;33,JKL) 
GALL TRJQBlaCLABl,kABAA,LABHI22;~Kb) 
CALL TRIGOIQCLABW,LABE,LA8Fia1,JKL) 
CAl;l TRJ8DfG <2HQZ,2110L,2HNE,30,,,,IICL) 

1340 CALL EXIT 
ENe 
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S!'/uROUTINE TRIGDIG (LA81,LAB2,L.AtJJ,I.UN,N) 
DIMENSION LINE (51,101) 

INTEG~R DOT,PLUS,STAR 
JNT~~ER SPACE . 
I;lATA (DOT:1H.), (I"L.US=lH·), (STARr:1H., 

04/09/72 

CATA (SYM-1H1,1H2,1~3,lH4,lH~,lH~,1H7,lH8,iH9,1HA,lH8,aHC,1~·~~~ 
1 lHf', lHG ,lHH ,1'HJ, 1M.I<, lHL., 1H", lHN, iHP, lHQ, lH~, IHS, lHT, l,.HU, 
2 1H"'" 11Hh lIH(, tHY, 1HZ;, 1H ,111.,111 1 ' 

SPACE II lH 
DO 1 1111.51 
DO 1 J=1,101 

G INITIALISE ARRAY LINE 

c 

1 LINE(I.J)=lH 
LfUE(b51)-fHH. 
DO 2 1=2,51 
J1!152 I 
J2=50 .. 1 
LINE( J ,Jt)-DOT 

2 L.INE(1,J2)=OOT 
flO 3 J-t,161.2 

J LINE(51,J)=OOT 
DO 4 l!l1J~ . 
READ (LUN) A,8 
AL~VEL • 51,6 e,59' A. e*, 
LEVE~:INT(ALEVEL) 
ALONG. 191.5 9.595. A j 
LONG=INTCALONG) 
1~lbONG,GT,191.0R.LONg.~~.~:QR.LeVE~.QT.51.0R. 

lLEVEL.LE,O) GO TO 35 
~INO=LINE(LEVEL,LONG' 
lr(LINO.EQ,lH ) 34,31 

31 IP(Ll~a,EQ,S¥M(36))8a Ta 4 
DO, 33 J-=l, 35 
IF (LINO,EQ.S¥HtJ)'32,3~ 

33 CONTINUE 
3~ JaO 
J2 . J:J+l 

LINECLEVEL,LON9)·SYH(J' 
~O TO 4 

35 PRINT 992,.,B,leNG,LEV~L 
, 4 CONTINUE 

·PRINT 899,LA81,LA82,LA~3,LA8' 
PRINT 900, «LINE(1,J),J~1,101),J.1,'1) 
PRINT 901, LAB2,LAsa . 
REWIND L.UN 

899 FORHAT(lH1.A8,1H-,A8,lH~,Aei~x,.TERNARY DJAORAH-/1HO,'6X,A8" 
900 rORM4TC1H ,10X,lOlAl) 
901 FORHATelH ,6X,A8,93X,A8) 
a02 fQlHUTU~ ,APT QIIT Of TIHANQL.E*,2rS,2,2U) 

RETURN 
E~'D 
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,,5DAO 04/09112 

SUHROUT1NE TRIOPLOT (LAB1,LAD2,LAB3,LUN,N,NTfT.LE.IZ) 
UIHENSION ISYM(3) 
u ptE PIS f OPI NT ITLE (2) 
COHMON IJKLHN 

- - -----ilIJ*A-H\-( ! SY~.21 000 112132425368 "~736~5 4 4§3!J261698 19979 eo 9 a~9g99 99-9E4--;-, 
900 fORHAT(lHlt*SURROUTINE TRIQP~OT TEHPORARJLY DlSABLED, END Ci . 

--- 1> * FIL-E....- Eor READ or~ . ·,13i,*TH ITERATION, TOTAL NO, O~I·NTS. ----
2,. SHOU~D BE .,13) 

IFLAG=9 
(,l1l20./SQRT(3,) 
GA~L PLOT<lO.,9,2,IZ) 
CAhL P~UT(O,,·25.,1,IZ) 

- --- ·-~~-l-pt.OT (a, , a. ,3, I Z) .. ----
CAL.L PI.,OT(50 .. 100,,4,IZ) 
GALL P!_OT(t60 .. a .. ~, IZ) 
CA~L PLOT(O,.O.,4,IZ) 

. ------- ·-----C-A-U-Pi--O+-{-eI,-,-e-9T' ..-.!.§~. O1-7,...,J-r, +1 zt;-)I----- ----- ------- - ­
CALL TEXT(LA82,8,2,IZ) 

------~C-M.k PLOT (921~J, 9, g, ~. J Z) 
CALL TEXT(LA83,a,2,IZ) 
CALL PtOT (46,B,~U3.a,3,lZ) 
CALL TEXT(LA01,6,2,I~) . 
~-l~~l~lf~II--------------------------------------
8 READ (l.,UN) · B,A 

·---------jI~F'--(-f=.GF , L UIH 6, '1 
6 PRHlT '100, J,N 

IF (IFLAR.Ea.l) 09 TO 9 
IfLAG:l 

----------~~~8------------------------------------------------------~ 
7 IFI,.AG=O 

y.s 

J PRI NT 5, A,8,X,y,N T IT~E(1),NTITLE(2) , . , 
.-------~~R.MAT (lHQ, -PLOT OUT ' OF" TR' ANQ~6·, F"8. 3, 2X,'F'8, ~. 4X ,~3-,+8,..J. ,-3X-r~ 

1> . ' 
,,:> TO 1 

4 CAI..·L· PLOT(X,y,3,lZ) 
CA~L TEXT(ISYM,1,-1) 

1 CONT nWE · . . 
~ns~:9~9~,r-------------;----~--------~------------------------­

CALL PLOTC75"YPOS,3,IZ) 
--------~G~~~~~·~S~¥~M~,~1~,· ~-1~)~~--------------------~~----~~-------­

CAL.L 'PLOT(BQ, ,YPOS,3, IZ) 
GALL TE~T(NTITLE,lb,2,lZ) 

9 REWIND L,UN 
" -' ---- -- ·-- ---~·e-T-IJ~~N-N ---------------------~---------------

E\lD 
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5.5DAD 

SU~ROUTINE TETRPLUT (Ll,L2,L3,L~,LUN,N,Z) 
PITEGER Z 
fi6-26./S6R TC3.' 
CALL PLOT(10.,OQ,2,Z) 
CALL PLOT (0.,-40.,1,Z) 
CAl.L Pl.OT (0 .. 0.,3,Z) 

04/09172 

--------------------- ----------- - - .... ... ... _---
CALL PLOT (50,,100.,4.Z) 
CALL PLYT (106.~e,,~,Z' 
CALL PLOT (0.,O,,4.Z) 
GA~L PLOT (18,,-33.33,4,Z) 
CALL PLOT (100.,O,,4,Z) 
CALL PLOT (16,,-33.33,3,Z) 
CALL PLOT (50,,100,,4,Z) 
eAtL PttlT(~&.O,183,OI3,Z) 
CALL TEXTCL1,8,2.Z) 

· ----- ·----~C;~A~LtL~P~L~O~T+(~a~,o~,~·5~,&9n,3h'~Z~)----------------------~------------­
CALL TEXTCL2,8,2.Z) 

c 

GALL PLOT(92.9,-5.9,3,Z) 
CALL TEXT(L3,8,2,Z) 
GAkL P~OT(66,e,-38ie,3,Z' 
CALL TEXT(L4~8,2.Z) 
DO 2 1-1,1'4 

READ (tUN) A,B,e,B 
TCH=A+S+-C 
Ae-"'ltOa./TOf 
88:;8-100,/TOT ­
TOT-8.0+0 
UO = D-100, /TOT 
BD~B·100./TOT 
TOT=A+S+O 
Alo- A-taB.neT 
8L= 8*100./TOT 
TQT-A+O+O 
AR;aA*100,/TOT 
GRaG-100,ITOT 

1 VB: AS 
xe -16e, BB¥O.S.A8 
xn =1001-BO~OD*O,3 
yo :"'00/3. 
y~ =(AL*4,+8L-100.)/J! 
XL a 70, AL.O.2·8~.g.1 
VR~(AR·4 •• CR~100t)/3t 
XR ' - 79,.CRle.a AR*9,2 

AA =A*100./TOT 
SA =8*190./TOT 
CA :C*100 ./TOT 
9A!IIB I 199.I'T6T 
Y.AA"DA/3. 
X-100, 9,!*OA-O,§*AA-BA 
CALL PLOT(XB,Y8,3,Z) , 
GA~L PL9T(~,y,4,Z) 
CA~L PLOT(XL,YL,4,Z) 
GA~L PL9TC~9,YB,~,Z' 
CALL PLOT(X.V,4,Z) 

2 ~ALL PLOT(XR,YR,4,Z) 
RETURN 
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. ,.'DAO TET.RPLOT 

END 
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APPENDIX 2 

L1st1.Dg of program NIGGBART. 
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PROGRAM NIGBAR 
. ~IHENSIQN '(i4),T'(14)~TTTCi~),NIG(14'FBAR~H(14'~BASJSCiG, 
D t MEN S ION 1:1 T ( 14 ) • 0 X ( i 4 ,. ell ( & (l " N I ( 14 ) ~ B A A H. ~ ., 0 iJ"A S ( i 6 1 . -
REAL NIG 

. 6~TAC WT860.06,79.90.101.941~59t68''1.84,10.~3,40082~'&40Go6i,e94 0 
i 9~,192.1~1.96,18.016,18.0i6.44.01) . 

OATACOX38HSI02 ,8HY102 ,8HAL203 ,BHF'E203 o8Hreo · 
~ 8HHNO ,8HHGO .8HCAO .8HNA20 ,8H~ao , 
I 8HP205 ,8HH20(¢) .8H~20(-) ,8HC02 , 
DATA(GA~8HSI ,8HTI ,8HAL ,BHFE(3, .• 8H~E(2 • 

. ~ 8HHN ,sHHG ,8HeA ,8HNA oaH~ o 
g 8MP ,8H ,8H ,BHe ' ) 
DATA~NJ~eHSI '8HAL '8HrM 'SHC . '9H~L~ 

t 8HYI ,8HP ,8HC02 ,8HI< • aHMO· 
2 8HW ,SHAL~ALI<~T,8H'eC ,eH~L~~LI(~F) 

DATA(8ARaBHSJ '8HTI ,8MAL .8Hre ,8MMN o 
" eMMG ,8HeA ,8WNA 0 aMI< .8HP 
2 SHe' ,8HOXYo ,8HQHOO .8MCAv o qo) 
DATA(BASII~HCP ,8HKP . ,GMKS ,8HNE 6:81;JNS 

1 8HeAl ,8 HCS ' ,8HSP ,8HHZ ,8HC 
2 8HFS ,8MF'D , 8Hr A . • 8MRU D 8HQ o 
S 8HCC , 

901 rORHAT(1Hl,oCALCULATJON or NJGG~I VALU~s,BARY.N STANDAR~ 0 0 
~oCELL, ~IGGlJ BASIS VALUES AND COMPOSITION !RlA~O~~~ .. '~~ _ Oq 
aaSAHPLE a,A8/1111H ioSJLIC~'E ANALVSlso~8XloC~'JON pe~CEN¥oD 
311X, aN I GGl r VAI.UESo ,12X, 9BAIUH STANDARp ceL.~o f 6)( 'i oN"GO~ I ·BAS.ISo/) 

900 ~ORMAT(2X'A8,1X,14F4t2) 
9~2 rORHAT(~H ,5(A8,F12,2,5X» 
'03 PORHATtlH ,A8,F12~2,30X.3(A8,F12.2,5X') 
'O~ - FORHATClH ,100X,A8,F't2 0 2' 
90!5 ' F'ORMATCll/ll~O,oTRIANGULAR DIAORAMSo,18)(, ·QQ ~ L c> Mol) 
l06 F'ORMAT(1H ,3tX,A2,1 8X,F10.27 . 
901 F'ORMAT(/11HO,37X,oK- NA ~ CA CBOUND '0 AL)o/) 
9~e rORHATCI11HO,3?X,aHG p Fe ~ . CA (NOT BOUND ·YO Ab'O/) 
909 rORHATCI/~HO,37X,OQ 0 KP ~ NeO/) 

JKI.~IT=SU =0.0 
1 READ(5, 900),IO,1T 

1F'(EOr,6Q·) 99,98 
98 IF'CID~EQ,BHTRIANGLE)2,3 

2 r T~l 
GO TO 1 

S DO 4 1~:l,14 
T(t)-nCD/WT(t) 

q IF(IINet12.AND.IINe,13)SUH~8~HoTCl) 
JKL!=JKL,<>1 
DO 5 1=1,14 

5 TTTCl)cTCi)=TCI)0100.0/SUH 

I ~ALCULATION O~ NIGGLI VALUES 
.e 

'EHPCT(5)~2,o,C4) _ 
TOT=TC3t·TEMP~T(6)¢T(1)~T(8TOTC9)~'(10) 
rc:100 0 1TOT 
NIG(2)aTC3)oF' 
NIG(3)1I,'EHP~T(5)oT(6)6T(1"or 
NIG(4)aTC8)oF' 
NIG(5)·CY(9)6T(10)'oF' 
NIGU)=YO.)oF" 
NIG(9),T(10)/CT(9)+T(10» 
NIG(6)"YC2,oF 
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tH" 0 34D 

e 

N I G'C 1 0 -) =T ( 7 ) I ( T E H P ~ T ( 6 ) ¢ T ( .,,.) 
NJG(11)~~oT(4)/TeMP 
NIG(7)aT(l1)of 
NIG(S)IITU·4)oF' 
NIG(12)aNIG(2)-NIG(5) 
NIG(13)~NIG(12'~NIG(4) 
NIG(1~taNIG(2)6NtG(5) 

c tALCULATION Of BARTH STANDARD CELL 
e 

c 

TTT(4)al(4)o2, 
TTT(3)aT(J)o2, 
TTT(9)1IT<9)o2, 
TTT(10'=T(10)o2. 
TTTC,U':;T( 11) 02, 
SUM~100t¢T(4).Y(3'.T(9'¢T(10+oTtl1) 
DO 19 }:1".4 

19 T(t)=TTTCI,cTTT(I)Ql00,/SUM 
OXV~2o.T(1).1,5oY(3)o2.oTC2,ol.5oYC4)oYC5)oY(&)¢YC1)oYce'oO.,oY(9) 

~.O,5oTCln).2,5oT(11)62,oT(S4~ 
OXV=O)(V<JT(12) 
CAT;160.o100,/OXV 
OH:2.oTCt2)oCAT/l00,O 
DO 6 J1I1.10 
Jal 
rFCl,(H.4' JcJ~l 

, BARTH(I)=TeJ.oCAT/100, 
eARTH(4)=BARTH(4)oT(9)oCAT/~OOo 
BARTH(1~):T(14,oCAT/l00, 
8ARTH(12)!lOXV 
BARTH(13)1I0H 
eARTH(14)~eAT 

e CA~CULATION or NIGGLI BASIS 
e 

BASl5(16'=T(14) 
T(8)=T(8"'Y(14) 
Y<14,.°00 
BA515(1)=T(11)02,5 
1(8)=T(8)"1,5 0 1(11) 
'f(ll'~Of" 
IF (1(10).OT;T(3» GO TO 7 
BASlS(2)~Y(10)Q3.0 
T(1)~T(1)~Y(10' 
Y ( ,3 ) II Y (' 3 , p,. ( 1 0 ) 
'i'(10).0.0 
Co YO 8 

1BA5}S(2)cye3)o3,O 
'., (1) "T (!) gT (3' 
Y(10h'i'UO).Y(3) 
"(3)·0.0 
eASJ~(3)al.5o'n10) 
Y(1)cT(1)~O,50T(10) 
Y(10)~OIH 
GO TO 10 

8 IF (Y(9).GT,T(3») 00 TO 9 
BAS1S(4)a3.0oT(9) 
Y ( 3 ) 8'i'C 3.) ° T ( 9 ) 
Y (1) sY 0.' oY (9' 
Y( 9 )!lOdl 



I 
tc,' U4D 

I 00 TO 11 
0 ~~SJ~(4)~3,O·T(J) 

I 
T(9)af(9'''T(3) 
T(1)a"(1)·T(3) 
t(3)·0,a 

18 9ASIS(5)~T(9)·l,5 

I 
T(1)~T(1)·o,5·Te9) 
TU)aO,O 
GO To 13 

11 TEMP-O,5.T(3) 

I Ir (TeMP,~T.T(8» GO TO 12 
eASIS(6)~~.0·T(8) 
T(3)oT(3)w2,O.T(8) 

I 
T(8)IIO,O 
00 TO 14 

12 BASlS(6)el.5oT(3) 
T(8)=T(8)BO,5.T(J) 

I 
~(3)=O,0 

13 ASIS(1)1!1.50TeS) 
T(1)IIT(l)~O,5·T(8) 
Tb8 ):l 0 ,0 

I 
G TO ~O 

14 TEHP=O,5·T(3) 
Ir(TEHP.~T.T(1» GO TO 15 
8ASJS(8)e3.00T(7) 

1 T(3)~T(3'·2,O·T(7) 
T(7)IIO,O 
GO TO 16 

l' BASIS(8):11,5.T(3) 

I · T(7)=T(7)·O,5.T(3) 
T(3hO,O 
00 TO· 20 

I 
16 TEMP:lO,5.T(3) 

IF(TEMP,LT,T(5» GO TO 17 
8A515(9).3,0.T(5) 
T(3)eT(J)~~,.T(5) 

I 
f(5):lO,O 
BASlS(10)IlTC3) 
T(3)IIO.0 
00 TO 20 

1 17 BASIS(9)~1.5·T(J) 
T(5)IIT(5'~O,5·T(J) 
T(3)·0.0 

20 BASJS(11)'1,5·T(4) 

I T(1)·T(1)·O,5 0T(4) 
T(4)=O,O 
tr (T(5),LT.O,001,AND.T(1)'LT,O,OOl)GO TO 21 

I 
eASISela)=t.5·T(1) 
T(1)=T(1)~O,5·T(1) 
T(7)·O,O 
9A515(13)11,5.T(5) 

I 
T(1)·T(1)·O.5.T(~) 
T(5):.O.O 

21 BA51S(14).T(2) 
I3ASI5(15)pT(i) 

I e 
C CALCULATION or TRIANGLES 
e 

TLaBASIS(2).8ASJS(4).BASIS(6' 

I TMaBASJS(7).BASlS(12).8ASISIIJ).SASISC11).BASIS(5).SAS15(3) 

I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

c 

l+9ASIS(14)·9ASIS(1)·BASISCt6) 
10-8ASIS(15) 
TOHTL ·TO.TM 

'~=100 .ITOT 
·TL~TL·r 
TM=TM.r 
TQaTo.r 
TOTaBASIS(2).BASIS(4)+BASIS(6) 
~C100 ,ITOT 
T K:I BAS· J S ( 2 ) .r 
TNA=!RASIS(4).r 
TCA=!IBASIS(6).F' 
TOTaBASlS(11).BASI5(12)+8AS1S(13)+8ASt5<'~ 
F'p.l00,/TOT 
TMG~BASlS(12).F' 
TfE;CBASrS(11)·SASISC1J»·' 
TCScBAS.SC',-F' 
TOT;8A515(15)+8A515(2)+81516(4) 
r a 100 tlTOr 
TQQ c 8ASJS(15)-r 
TKP;;BA S lS(2)·.r 
TNE!!IBASIS(4).r 
PRINT 901.ID 
DO 23 1~1,14 
IF(J , EQ,12.0R,J,EQ,13) GO TO 22 
PR I NT 902, OX ( I), TTC I', CA ( It! 'TTC I) ., N I C I" f4r·O( I'. BARC.l)'i.BART,H.( I).a 

1BAS(1),BASISCI) 
GO TO 23 . 

22 PRINT 903,OX(I),T'(I),Nl(l+iNIG11),B.~Cl~,BARiH(lt,8A~~ll. 
1BASls(f) ./ 

23 CONTtNUE 
P.RINT 904,9A5(15),8A515(1" 
PRINT 904,8AS(16),9ASIS(16t 
PRINT 90 5 . 
PRINT 906,2HO ,TQ,2HL ,TL,2H" ,TM 
PRtNT907 
PRINT 906,2HK ,TK,2HNA,TNAt2HCA,TC. 
PRINT 906 
PRINT 906,2HMG,TMG,2Hre,Tre,.HCA,TCS 
PRINT 909 
PRINT 906,2HQ ,TQQ,2HKP,TKPaaHNE,TNE 
SUM=!O,O 

-C CH6CK ~OR TRIANGLE PLOTTING 
e AND COpy DATA TO DRUM Ir 
.C REau I RED 
C 

IF (IT.NE,!) GO TO 1 
WRITE (21) TQQ,TNE 
WRITE (22) TCS,THQ 
WRtTE(23' TCA,TNA 
WRtTE(24) Ta,TH 
GO TO 1 

99 CONTI NU6 
IF(IT.NE.l' STOP 
DO 100 .111 21.2. 

tOO REWIND I 
.C A 1.1. T RIG PIG C 8 H a -
CALL TRIGDtG(8H Q 
CAL.I. ElClT 

.8HH ,8HL 

.8H N6 ,8H I<P 
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1(F"i3 .. D 
-

END 



I 
I 
I' 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I . 

I 
I 

APPENDIX ) 

List:1nB of pl'Ogram UVSIa. 
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PROGHAM ZAVSKY 

PROaRAt1 WR f 'fT!N Rtf 5 .IIEI~LE" BHR . Jl:HU! 19'1 
CALCULATes AND PLOTS ZAVARJTSKY NUMBERS 
REF • INT.GEOL.REV. 1964 ~.1.17 

91MENSI9N W'(14"GAC14),GR99&C21,19(2, 
DtHENS JOt" ox I DES C 14) , CA TJ ONS", 14), ZAVSU4·', VALe 14), T <14' 
REAL NAPR,HPR.H,NPR 
DATA (WT 2 60,06.79.90,101,94,159!68,71,84,10.93,40,32, 

.• 56,98.61,994,94,192,1.,.96,18.916,18,016 ,44,01, 
DA T A C OX I DES=6US I 02 ,6Ht J 02 ,6HAI.203. 6HF'E20J .6HF'E!O .. 611MNO .6M'P10a ,6HGAO »6HNA2e • 6HI<120 

• 6HP205 ,6HH20(~),6HH20C.),6HC02 ) 
, 

l;)AlA (GATt9NS.6'ISI 16MTI ,6M"L ,6HFEU' ,6HFEC2J , 

C 
G 
c 

• bHHN ,6HMG ,6HCA ,6HNA ,6HK 
6101P ,6H~(." ~6~~(.) .6He) • 

DATA , (ZAVS-=4HA ,4HC ,4HB ,4HS ,4101/.0 ,4HF"' ,4HM' 
• 4110' .,.HA' ,4/-iN ,4t1T ,4HPNI ,4104'" • 

DATA CCROSS=1202052747656240a,2002700000000000B) 
19UPP • 1 
GO TO 70 

1Q READ (9,991) ID,T 

101 
l' (ID(1),Ea.8HSUPPRESS) 101,102 
ISUPPa( 1) 
GO TO 10 
CONT 1 Nl'E 
JreEOr,!) 99,11 

11 11-11.1 

GALeuLATE C~TION PEHGENT 

SilMIIS,e 
Df) 20 1=1,14 
~A(I).T( ()/wTCI, 

20 SUM:SLJH+CACI) 
lJO 21 1-1.14 

21 CACI):CACI).100./SUM 

C CALCULATE ZAVARITSKY NUM~ERS 
-----C--,-~,- ,--.-.----,---.---------------'---------------

ALPR=r~PR=CBAR=CAPR=NAPR=O,O 
.. - ... _-- AL.KS =CA (9) +C A, (10) 

fEO=CA (5 hC. (6) 
5S-CA(1)+CA(2) 
IF" (ALKS.LE.CAC3» 30,40 

3D AA=ALKS 
Z.(CA(3)-ALKS)/2. 
GQ TO 50 

40 AA=CA(3) 
CQAR-Al;.KS-A 
ZaC-C8AH/?.) 

'0 lrCZ •. lE,CA(S» 51,56 '1 cc~z 
GO TO 60 

56 CC;::CACB) 
A~PR-CA(~) CC SG·~~KS 

60 FEPRaCA(4)+reO-CBAR 
'F' (~. E'P R , ~ T I g • g ) 6;L • 62 
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c 

f"EPR:aO.O 
62 CAPR=CA(A)-CC 

8B-FE~R·eA(,)·eAPR.4tPR 
SUM::IAA+BS+CC+SS 
SUH-100.t9UM 
A_AA*SUM 
O.OC-SUl'1 
~.BB·SUM 
S.SS-Sl:IM 

o SUPPLEHENT 
C -ARY CHARACTERS 

04/09/72 

C - ---------------------------------------------------
F"PH=fEPH*100./OB 
~PH,C.(7) ·*100./8B 
CPf{:CAPR"100./flB 

-- - - ---- N • C A ( 9 ) *1 e 9 , I A A 
TI;:CA(2)*100./SS 
PIII-CA(4'·"ae./BI:l 

c 

APR=ALPlh100 ./BB 
~jPf~ -~·U.PI~ "1A 6. lEla 

C PRI~T RESULTS 
c 

PRHH 909, lidO 
PRINT 903, (OXIDES(I),TCI),CATIONSCI),CAIJ',J a l,14) 
PR 1 >H 905 
VAL..(l);:A 
VAL(2)c:G 
VAL(3)=B 
'JAL(4)aS 
VAl.(!»=CBAR 
VAL U) DF'PR 
VAl. (7, =HP~ 
IJAL(8)CtCPR 
VM, (9)=APR 
VA~(lG)-N 

VAl.(l1)=TI 
IJM.,(12)=Pi-li 
v A L.. ( 13 ) ;: ~H\ R 

.. -._.-- ._------¥R -1-N-T. ·-:.Q-O-4-r _-+tA,JJ.I/~S+( +1 +) ~, .v..VAA· '-:-l. +-C -1-1 .,..., ~, ~1=""ll:",..;l~J~)p-------~-------­
UO TO RD 

---=--c-.------ .. -._ -.. _------ ------_.-.. -- ------
C PLOTT I NG 
C 

10 CAl.L PLOT (-50.,~150,,1) 

- ----- - - -------- _. _-----

--- -- -.. ------C-A-U--~OT (10,-~:,..-+,~2+)-------------------­
CALL PLOT(-50.,2.,3) 

----~----~C~AI~~X~T~~~1~~~C~.~1~,~2.,...)---------------------------------------------­
CALL TEXT (3H 50,3,2) 
CA~L PLQT (-59.,0,,3) 
CALL PLOT (50.,0,,4) 
GALL PLOT (~6~O,2,.3) 
CALL TEXT (3H50 ,3,2) 
CALL TEXT (lHA,1,2) 
CALL PLOT (~O.3t2.,3) 
GALL TE~T (1~S'1j2) 
LA:8HZAVARITS 

-----t:L:-f1BI-tI->-B8+tf(-V-N U M 8 E 
L.C~8HRS 
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·,.5040 lAVSKY 

CA~L PL~T (-15.,15.,3) 
CALL TEXT (LA,a,l) 
G~LL TEXT (LO,8,~) 
CALL TEXT (LC,8,3) 
G~LL PLOT ce.9.aig.~) 

04/09/72 

CALL P~OT (0.0.-100,0,4) 
--~C~~~~tL~PtLvO+T-+(~4.~~JT) --------------------------------------­

CALL TEXT (5Hl00 ,5,2) 
CALL TEXT (t1l8,,.,2) 
II = 0 
GO TO 10 

80 HA=A 
- --- .. ----....If-II+-8+-- ---.- - ----- ---- --- ------------

Jp (C8~R.GT,O,) 61,82 
81 IIC-CSAR 

GO TO 83 
82 HO:q -C) 
83 Jr (CP R) 831,831,8 4 

sal ~A:HA·O,l.APR 
GO TO 85 

84 RA;aH At 9.t e CPR 
85 RB;:V-O, l*HPR ' 

Io! 92-V-GA(9) 
RC~ HC .. CA(10) 
~ ~COC, (J,902.LL) 11 
WRITE (2) HA,V.RA,HB,HC,V,RC,RB2,LLtlI 
CALL RLOT«~A-g,J),(V-g,4).~t 
CALL TeXT (CROSS,1,-1) 
CALL r~ O T « HA+O.8),V,]) 
lr (ISUPP,GT.O) CALL TEXT(LL,34 1) 
G~~L PLOT (~A,V,3) 

CALL PLOT (RA,RB,4) 
CA~b PLOT«HG 9,~).(V e,4).a) 
CALL TEXT (CROSS,l,-l) 
CALL PLOT«Hc.e,B).v,3) 
Ir (ISUPP,GT,O) CALL TeXT (LL,3,1) 
CA~L PlOT (MC,V,~) 
CALL PLUT(RC,R82,4) 
GO TO 19 

900 FORMAT (1111 •• ZAVAR I TSKY NUMBeRS CALCULATED rOR SAMPLE." 
-I iJ.,·2-X-r l ..... , ,2)(, AS I AJ/lHg, -S II;, I CATa A NALVS I S-. 64)( •• CAT I ON PIiRCENT.) 

901 fORMAT (AB,AJ,14f.,2) . 
.. - . . -.. - --- ·-~-2-4l-RM·A~) ---- --------- -----'--- - -----

903 fORMAT (lHO/(5X,A6,lOX,Fl0.2,55X,A6,10X,fl0,2» 
99i fgR~AT <1 H 9"ZAVA~ITSKV NUH8iRS.) 
906 F'OH HAT (l HO,50X,A4,f16.2) 

99 REW I-N-D-·Et!:----
999 READ (2) X,Y,Xl,Yl,A,B,Al,81,LA8,11 ,r (EOf.2) 998,9 9 7 
996 CAI.L EXIT 
997 lr (Y.SO,' 999.9~g,15g 
150 lr (X-25.) 151~999,999 

----lr.Sihllr-*-l r--<-A..a 2 5 .) 999, 9 9 9 • 152 
152 Ir (X1.GT.25,' 153,154 
~53 Y1=(25.-X)/(Xl-X) - (Yl-Y) • Y 

X1 Q 25. 
194 U' ('/l.L,T.(-§Q,) 155.156 

155 XP( --5·0T --)'-)..!-( -Y.!--.Y) • (Xl"X) • x 
Al=(-501-9)/(Bl-~) - (Al-A) ~ A 
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. ~. ~DAO ZAVSK Y 04/09/12 

H=Bl=(-50, , 
156 If (A1,LT,C-25.)} 151,158 
157 al~ C-25.-A)/tAl A) • (01 8, • ~ 

----------~A~~~5T,+)----------------------------------------------------
158 IF' (11,EQ,l) 159,1(10 

--- .. --.. ------!-5-9--<; . .,.b-b-pt.O.'f-{-...-5-Ot-r-O-r-rl'-l-)----::.:.-.-----.-----------­
CA~L PLOT (-25.,-100.,1) 
G~LL ~LgT C5.,5,.~) 
CALL PLOT (~25 •• 1"J' 

----CAb-k~T-f4H,~G-+.2~§r.4~.~2~)~-------------------------------------­
CA~L 0LOT(~25.,O,,3) 

·- · ·--··· .. ·--------.(;.Akb.--P-L-U-l-(-2·~ ..... ~g,.,..,-, 44-f-) -------------------------------------­
CALL Pl.OT C23, ',l,,3) 
CAkL TEXT(4H2§ A,~,~) 

CALL PLOT(-O.15,l.,3) 
·-·-.. - .. ·---·----~·A_Iob_ff-X-:r-H-HII-5-ST'. 1-1"";, 2~)J--------------__:_---------------~-------­

CALL PI.,OT(O.,O.,3) 
.-.------.---~ L "L ll--f-t-{l-;.-"r"·~!:''ieh,....,.-4l4~)------------------------------------------­

CALL PLOT(-1,~,-50"J) 
G.,LL TEXT (51159 ~h 4,21 

16U CALL PLOT(CX~o.i5),CY-O,2).3' 
... ---·-------·- -G-A·L L T E )(- ·~-o~S~S.,+1-r, --4-1+1 --------------------------------------­

CALL rLOT(X.O.4),Y,3) 
.. -.. -----------4:~~'lrGG_80_9U-E-E-+( -2t3., 99-ft-O 2irM, LI=iLb-)r--cIl-iI!-----------------------------------------­

CALL T EXT ('L L ,3,1 ) 
GAl;L . PLOTC)(, V,3) 
CALL PLOT(Xl.Yl,4) 

- -t-A l; L P l O+(+A6-~9~. 1~5H)h.rl{-il8~9-r1 ~2+' T. ~iS ,~----------------,----------­
CAkL TEXT(CROSS,l,~l)' 

---b-GINAl;t--PI::-O T ( fA. e .01' • B, ~, 
CALL TEXTCLL.3.1) 
GALL PLOTEI.,O,3) . 
CALL P~OT(Al,81.4) 

.... -- -.--·--·---G{l--+O-¥9¥9¥9------------------------------------
t: :'Iil 
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CIPW ;·WR~l or S A/'1 P l, r: no. 

SILlr.:ATE ANALVSIS · 
OXIQt:: PERr:FNT 
SI 02 48,16 
TI ll 2 1.38 
AL?OJ ,-3,76 
tcc03 2.67 
fEO 11,70 
11,10 0.23 
HGIJ 6.77 ' 
CAO 11,58 
I\I A?O 1,,99 
K2 lJ 0.26 
P2(J5 0,1 4 , 
H2G( ... ) 0,46 
H21.!(-) 0.00 
C,)2 0.00 

TelT ;\l. 90.64 

E 0.0000 
S 0,0000 
CL 0,0000 
v 0.0000 
CR 0,0000 
CO O,ClOOO 
NI 0,0000 
e ' l 0,0000 
2 i·1 0.0000 
RR 0.0000 
SR 0.0000 

- ZR 0.0000 
BA 0.0000 

TRIANGULAR 

(J ... PLAG '" OR K20 -
Q 0,00 K<O 
PI..AG 96,68 NA20 
OR 3.J2 CAO 

Q ... Al3 .. OR or .. 
Q O,U Q OR 
AB 91,b4 ,6.8 
OR 8,36 AN 

6'i201~28 

OATA 

NA20 

AI::i 

Mlr~EHAL. 
ACM ITE 

WOl.LASTONITE 

UIOPSID~ 

HVPERSTHt:NE 

OLIVINE 

MAGNf:T ITt: 
CHRQMITt 
HEI1A TI Tt: 
1 U1EN [ H: 
HUTILE 
TITANITE 
PEROVSKITE 
APAII Tt: 
fLOUR 1 Tf: 
CAlCITt:: 
I-'VH ITE 
!)PHA!..EWITE 

DIAGRAM 

... CAO WQ 

1,88 wo 
14,39 fS 
~3;73 eN 

... AN f 

-
3,32 f 

36,42 M 
60,26 A 

"'! 

... 

rs 

M 

Fig. 1 

fEMfe C~NSTITUENTS 
PERCENT COMPONENT PERCENT 

n.oo 
0,00 

24,08 

eo 

1.82 

0.00 
2,66 
0,00 
n.oo 
!'),OO 
0.34 
!l,OO 
0.00 
0.00 
0,00 

EN 

27,J2 
36.94 
35,73 

- !!It A 

60.99 
29,28 

9,73 

WO 
EN 
FS 

EN 
rs 

FO 
FA 

Db 

DL 
NE 
Q 

12,;14 
5.87 
6.07 

10.00 
10.34 

0.85 
0,97 

.. NE "!! Q 

.. 

40,09 
24,11 
35,20 

SALIC CONSTIT~ENTS 
MINERAL PERCENT 

QUART.Z O.OD 
COHUNDUM 0 ,.00 
ZIHCON O,og 

OHTHOCLASE 1.50 
Al.t:fITE 11.06 
ANORTH IT£: 28,23 

NEPHEl.INE 0,00 
I".cUCITE O,Og 
KALIOPHILITt: 0.00 

HAl., ITE. OtOD 

PLAGIOCLASE - AN 62,33 

COLOUR INlJbX IS 0,53 

CALC. OI:N!?lTY J ·t13 

SOLIDIFICATION INDEX 28.9, 
THORNTON - 'TUTTL.E 
J)lFF"ERI::NTIATION INDEX 18,62 
P·EffAL.KA('"I TV INUt:X 0,21 
K20/NA20 - O.l~ 
TOTAL FE AS FEO 14.10 



'I' QUART! -PLAGCLSE-ORTHCLSE TERNARY OIAGRAN 

I 
QUARTZ 

• • 

I 
I Pig. 2. Triangular diagram plotted 

J, 

on the l{neprinter by program CIPWNORMo " 

I ." • 

,I 
\ 1 
" 

,1 " 

~ \ 
12 

,J 1 • 

~ 
I 1 • 

122 . 
1 

I 
2 • 

1 2 • 

1 13 • ,I 1 1 1 1 • 
1 1 I 

1 1 

I 1 1 

I 1 

I 
I 
I 
I . . . . . . . . • . . • ! . • • • ! • . • . . ! . • • • . • • • • • • • • • 

PLAGCLSE O~TI-ICL.Si:; 

I 
I· 

t-



I I 
I I I 

I r 

I 
I I 

i 
~ 

Pig. J ' : I 
• L .. 

I 
I I 

I 1 

I 
7 

I T 

I 
I 

I I 
I 

~ 

,., ,.' 1 , I 
1 I ,- .. ... 

IA 
' lA. I 
II ~ 

1 1 I .. 

I 
I 

-1 I • 

I 
'f 

J I 
I 

T 

. 1 

I j , • i 1 ! I • 
r-

I I 



II ... _~ 

-~-- - :_. - - - - - - - - - - - - - -

Fig. ' 4. .Tetrahedral diagram 
plotted by program. CPWNORM • 

. ' 

TotaL Fe as FeO 

normative quartz (a) 

... -



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-° 

° 

ac 

s (qz) 

· · · · · : · · 

° 

s 

%1 •...•.. . ... ···· .. ···.%2 

b 

Fig. 5. Method ot oonstruction of the orthotetrahedral projeotion 

a 

used in plotting the four principal Zavaritsky- numbers, a,o,b and B. 

POint x (upper diaeram) within the tetrahedron is projeoted into planeB 

Bob and sab at %1 and %2 respectively. -The planes are represented by 

right triangles possessing the common edge sb, and the pOints are looated 

by measuring 'a' units along direotion sa, '0' units al9Dg direotion so, and 
, I 

b- units along direotion sb. 
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Figure 6a. The method of plotting the alkali vector in the conventional 

Zavaritsk:;y dia&ram. Point P is located by measuring a length %1Y 
proportional to the K oontent of the rock and a length %1Z proportional 

to the Na content. Thus the length of %1P is ,proportional t oo the total 

alkali content and its gradient expresses the K/Na ratio. 

Figure 6b. The method of plotting the f'm'a' or flmlo' vector 10 ,the 

conventional Zavaritsky diagram. From their definition, f' + m' + c' 

or fl + m' + a' • 100, and thus a point in either system m&¥ be 

direotly plotted in a triangular diagram. If, again, we use right triangles, 

polot Q or R m8\Y' be looated by measuring distance m' along f 'm' and either 

distanoe a' along direction f' a' or c I along f' c I. A convenient Boale 

for these triangles is 1/10 that of the acbs tetrahedron. 
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Fig. 7. Th~ chemistry or a suite 
or calo-alkaline granites 
plotted on a conventional 
Ze.vari tsq diagram-
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