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A COMPUTER PROGRAM1IE FOR THE CALCULATION 

OF THE BARTH lfEEONORM 

by 

Records 1965/111 

SUMJ'.IARY 

A computer programme for the calculation of mesonorms of acid, non-
peralkaline igneous rocks is presented and briefly described. '1.lho programme 
is written in Fortran, and is designed for use on an I.B.M. 1620 computer. The 
chemical analyses on which the calculations are made are to be read by the 
computer from standard B.ureau of 1-1ine1'al Resources silicate analysis punched 
cards. The results of the calculations are punched on to cards, the format of 
v,Thich fits in 1-1i th the Bureau I s punched card system. 

IJJTHODUCTION 

The mesonorm (Barth, 1959 <1l1d 1962) is best suited for most plutoniC 
acid igneous rocks because the normative mineralogy more ne3.rly agTees ,-1i th the 
modal mineralogy, i.e., normative biotite and hornblende can be calculated, 
instead of pyroxene, as in the C.I.P. ~T. norm. Because of this, ~.ata from the 
mesonorms plotted on QZ - Or - Ab and Or - Ab - .An diagrams are more realistic 
than those from C.LP.vl. norms. li'or the Bureau, the mesonorm is very suitable 
for the numerous granite samples that have been chemically analysed as part of 
the age-determination programme. 

The programme presented here is "lri tten in the Fortran lal~e, and 
is suitable for an I.B.M. 1620 computer, al though with little or no modification 
it can be used on computers made by other firms. It is deSigned to calculate 
the mesonorms of aCid, non-peralkalll1e igneous rocks. Provision is also made 
in the programme for the calculation of data for Or - Ab - An, Q,Z - Or - Ab, 
AFM, AKF, and Solidification Index (Kuno, 1959) variation diao'Tarns, and for Ab -
An ratios. 

The chemical analyses on uhich the calculations are made are read 
by the computer from standard Bureau silicate analysis punched cards (c.f. Fig. 
32, vlalpole, Haldane, Mather and Morgal1, 1964). The results of the calculations 
are punched by the computer on to cards; the format of these cards has been made 
to fit in with the age-determination section of the Bureau's punched card system, 
and will be described later in the section on Output Specifications. 

The writer is vory gratoful to Messrs. M.O. Goldrich and P.R. 1'Tright, 
of I.B.M. (Australia) Pty., Ltd., Canberra, for much helpful advice during this 
work. I also wish to thank Dr. A.J .R. 't-ilii te, of the Australian National University, 
together with Dr. R.R. Harding and Mr. J .M. Rhodes, of the Bureau of Mineral 
Resources, for discussion and critiCism of the manuscript. The use of the 
computer at the ,Australian National University for testing the prO[;Tamme is 
gratefully acknovTlodged. 

EXPIJ.JfATIOlT OF THE PROGBM.1ME 

The programme is divided into three parts: the input specifications, 
the calculations, and tho output spocifications. Note that in programme state-
ments quoted in the explanation that fo11ol'fs, and in the prograrnme itself, the 
letter 0 is printed with an oblique stroke - thus ¢; this serves to distinguish 
it from the figure zero - O. 

-" 



2. 

Input Specifications. Statements 1, 2, and DDrnNSI¢N N¢ (5) are spocificatiOlfs 
to read the chemical analyses from punched cards. The specimGl1 numbers are 
read from columns 3 to 11. The values for the oxides are punched in fourteen 
four colu:11l1 fields, starting from column 12, in the:: follmving order~· Si02, 
Ti02, ~203~ Fe203, FeO, ~mO, ~, CaO, ~a20, K20, P205, H20 ~+), H20 (-~, CO2, 
Each onde J.S punched as four fJ.gures, 'ilJ.thout the decJ.mal pOJ.nt (c.f. FJ.g. 32, 
Walpole, e::t aI, Ope cit.). 

The statement DUl1mSI¢n rr¢ (5) creatos an array for tho storage of 
the specimen number. Statement 1 lists the symbols for each of the oxides, and 
statement 2 gives the format of the spocimen numbers and the oxides. 

The Calculations. The methods used in the programme are described in detail, 
but only a general outline of the Hhole programme is given. Tho plan of the. 
progranune is shown in figures 1A and 1J3; on it, the statement numbors are shown 
adjacent to the relevant boxes. A key to the symbols used is given in Appendix 
I. 

SUM is the sum of thG oxides. Statements PS ... ¢S/6.006 to pc¢ = 
¢C¢/4.401 are the calculations for the molecular proportions. SUM 1 is the 
sum of the molecular proportions, and is the constant uoed in the caloulation of 
the cation values in the statements SI "" PS/SllM 1 to C co PG¢/SUM 1. The 
normative minerals are calculated in tho statements from p¢ D 1.667*P to . 
statement 43. The normative minerals that can be calculated are quartz (qz), 
orthoclase (or), albite (ab) , anortluto (an), corundum (co), biotite (bi), 
hornblende (hb), hypersthene (hy), ;wllastoni te (VTO), magneti tc (mt), homati to 
(he), sphene (sp), ilmenite (il), rutilo (ru) , apatite (ap) , calcite (cc), and 
wator (aq). 

Variation diagram data are computod in the statements FEL => (¢R+AB+ 
-= AN)/100.0 to FF .. FE/1J{F; these supply information for the follmTing-: Or-Ab­

An, ~-Or-Ab, Ab-An, AFM, tho Solidification Index, and lJOr. 

To show the method of forming the normative minerals, the calculation 
of albite is described in detail as an example. Statement 9, and tho two that 
fo11ov7 it, read:-

9 AJ3= 5. ~T.A 

.A.L ... ilL - ZNA 

SI = SI - ZITA 

In the mesonorm, albite is formed by adding to the Na cation an equal amount of 
Al, and three times this amount of Si; in other v7ards~ the Na c':Ltion can be 
mul tiplied by five, 1'7hich is vThat 1l2.ppens in statement 9. In the ohm following 
statements, A1 and Si are roduced by the amounts of these materials necessary to 
form albite. 

IF and COMP1Jl1ED GO TO statements form loops in the programme in order 
to take into account differences in proportions of the chemical components in 
different rocks. For example, before anorthite (AN) is computcd 1 it is necessary 
to determine the relative amounts of Ju and Ca by the IF statemeut:-

14 IF (1~ - 2. * CA) 15, 16, 16 

If the rosult of tho calculation in statement 14 is positive (i.e., p~ is in 
excess) or zero (i. e., A1 equalS tHice the amount of Ca), tho programme is directed 
to statement 16, where anorthite is computed in terms of Ca, and corundum (C¢) is 
formed. If, however, Ca is in excess, the calculation proceeds to statement 15, 
where corundum is given as 0.0, and anorthite is computed in terms of Al. 

It will be noted that the expression K = 1 is created at statement 
16, and K = 2 at 15. K 0 1 indicates that Al excess in terms of Ca, and K = 2 
indicates the reverse. The factor K is used in a C01~UTED GO TO statement 
immediately before statement 26: 

G¢ T¢ (26~ 25), K 



If K a 1, the calculation goos to sJcatemOlt 26, ".here hornblende (HB) is given 
zero value (i.e., Al is in excess). If K = 2, the prograrmne proceeds to 25, 
after "Thich, at statements 34 or 35, hornblende is computed. The D' statement 
at 25 indicates ... hether or not Co. exceeds the Fe++ and Mg (i.e., 'llilG) constitu­
ents. 

Silica cl"10cks have boen inserted as IF statements at 6, 7, 37, 44, 
and 45. Their purpose is to reject an analysis if it is found that there is 
insufficient Si to properly complete the calculations. On rejoction, the 
specimen number and the words NO SILICA are punched on to a ce,rd at the outpu1;, 
and the computer proceeds to the noxt analysis. 

The alkalinity of specimens is testod by an IF statemont just before 
8:-

IF (At - Zl:Ti~) 8, 7, 6 
If Na (ZNA) is in excess, tho progrf.:'1nIne is directod to 8 8lld 55, ~'There the 
specimen is rejected and its number, togethor ":ith the word PERJ:.LYJ.LTITE, is 
punched out. 

Many chomical analysos may not contain CO
2

, 
by the IF statement immodiatoly bof'oro 49g-

IF (C - 00) 48, 48, 49 

This is catered for 

If CO
2 

is not present, the progrc.unme is directed to 48, 1-.'here calcite (CC) is 
given as 0.0; if CO

2 
is presm1t, calcite is computed at 49. 

Output Specifications. On the 1620 computer, the results may be printed or 
put on to punched cards. The 1vri tor decided in favour of co.rcls because the 
process is more rapid, and thus saves computer time. The information CeID be 
printed later by a card-listing device, such as the I.B.M. 870 documm1t-"~iter. 

The results are ptillched on to fiv~ cards for each specimen. Each 
card contains card code (5 in- cohunn 1, indic~ting age-determination), sequence 
number (8 in column 2, indic2.ting card. 8 in the age-determination sc;ries), the 
specim0l1 number in colUIT~s 3 to 11, ru1d an identification number (1, 2, 3, 4 or 5) 
in column 12. The normative m~inorals are placed on cards 1, 2, fnd 3; tho 
die,gra.m data on cards 4 and 5. The layout of tho cards is sh01m in Table I. 
The results are given to two decimal places. 
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DIMENSI.0N N,0(5) 
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READ 2,(N~(K),K=1,5),¢S,~T,~A,~3,~2,¢MN,¢MG,~C,~N,~K.¢P,¢HP,~HM,pC 

li1 ._--_._---
2 F~RMAT(4A2,Al, 14F4.0) ._--......... . .. - .. .. _ .. -----. -.-..... -.----.- .--.. -
SUM=(¢S+¢T+~A+~3+~2+¢MN+~MG+~C+~N+0K+~P+~HP+~HM+¢C¢)/1 00.0 

PSa~S/6.006 

PT=¢T /7.990 ._--------_. __ .. -.. -..... _--
PA=~A/5.097 

~ ""-' -.' ... -. __ .... .--. 

PF3=¢3/7.984 

PF2=rJ2/ 7. 184 -------- -. - ---------------:------:~----:-----------------
" .. :///.:. ': 
..... ,. '.; PMN=~MN/ 7.093 -,-.......... -.--................. ---.--....:.........;;....:..~-.-~....:...;"..~~-~---------------

PN=¢N/3.0995 --...... - -----... , ----- .;. ::.,::.,' .... ::: .. 

PK=¢K/4.7095 ---'--- .. _---_ .. _. 
PP=¢P/7.098 

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

P·C¢=.rJC~/ 4.401 .' . . · .. ;;i. 

SUM1=(PS+PT+PA+PF3+PF2+PMN+PMG+PC+PN+PK+PP)/100 0 0 
...... :.. 

.SI=PS/ SUM 1, _ ..... - ........... _-_ .. _.-.. .. 

\ TI=PT/SUM1 
'. 

FMG-PMG/SUMl ._-- . .. ~ .. :.... ." 

CA=PC/SUMl .......•••••••.•••••.••.•.•• ![f:!:; •••. : .. j!; .••.•.•••..••.............................. 
--.!.-.-------~~-.. -'--====~:::::.......:.-~~~- . __ ................ ~.------

,.; 

ZNAaPN/ SUM 1 

p .. PP/SUM1 

C=PC/J/SUM1 

DK=YK 

p¢m 1.66 7*P 

.. . 49 CC-C 

, 

--:--,._-._---- ~-- .. 
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48 Cc=o.o 

70 IF(CA-TI)4,4,3 
------------------------~------~--~~--------------------------------. ~." 

4 IF(F T1)81 80 80 .. :~,; .... : 
2- " .. ': , .... -' - - --_._--.-_ ... _--.-- . ......:.....-------"----'-~-......... ~"'--..-:...:..:..--------.----

RUaO. a . 
G¢ T¢ 82 

(i¢ T~ 82 
--.,-.-

CA=CA-TI 

"", . :,': .. ,:., ... ,": :,,:::~: :,\, .' "". :.,', ".: ",",:. ',.;' :', " 

. . ....:.}>.. :~'fW =0 • a . .. ... . .... .... ... 
----'--'--....;.;..:.-"--_ ..... ' . 

82 ALL=AL-(ZNA+YK+2.*CA) 

ALaAL-YK 

S laS t.-3,.*YK 
' ... 

IF(AL-ZNA)8,7,6 

55 F0RMAT(4A2,Al,3X,11HPERALKALINE) 

G~ T~ 1 

.':~" . 

. ": :.;::" :.:~ .. ~. :. /:: ::" :{':~:\:(~':;:}/?::;:.::<:.: .: .. , 
. ," ":: :::::<\:: .\}:):/:>.::: ::)~:>:::::'.::.: ,: 
. ". ,". :;·-:',,::·"::·:..f>::';:;:;:·,::::"·:·>··· . 

....... 
. ' 

",: .. 

. '; ... ; ..... , 

t ••. · 

\ .. <' "': 
. "':~< .",'-
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6 J=1

SA=3.*ZNA+2.*CA

I F( SI -SA)50,9,9

^

50 PUNCH 54, (NO(K),K=1,5)^

54 FORMAT(4A2,A1,3X,9HNO SILICA)

GO TO 1

7 J=2 

SB=3.*ZNA ^

IF( SI-SB)50,9,9

9 AB.9.*ZNA

AL=AL-ZNA

SI -SI -3 .*ZNA

11 GO TO( 14,12)

12 AN=0.0 

• Cø=0.0

GO/ TO 20

14 I F( AL-2.*CA)15,16,16

'..16 K=1

^AN=5.*C .A^

^ \SO=AL-2.*CA

S I =S I -2.*CA 

GO TO 20 

 5 K=2 

AN=2,5*AL 

CA=CA-. 5*AL 

SI=SI -AL

^ CO=0.0̂

^20 I F(F2-0.5*F3)21 2

21 EMT=3,*F2

HE=F3=2.*F2

F2=F2-F2 

GO TO 23 

22 EMT=1.5*F3 

F2=F2-0.5*F3. 
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37 BI=POR+0.6*POR

TMG=TMG-0.6*POR

IF(SI-TMG)50,42,42

^ HY=TMG+TMG ^

^ SI-SI-TMG

43-QZ=SI

^AQ-(OHP+VHM)/100-0^

SUM2=AR+CC+SP+XILEAB+AN+CO+EMT+HE±HB+BI±4±0k±H.K±QZ±Bli

^FEL=(ØR+AB+AN)/100....0^

^ ORX=OR/FEL^

___ABX=AB/FEL

^ ANX=AN/FEL

 

QE(.QZ+AB+OR)/100.1)^• 

     

^QZF=QZ/QF^ .

^ORE=02/QF ^

^ABF=AB/QF

PLG=(AB+AN)/100.0^

^ABP=AB/PLG ^

•^ANR=ANLPLG

FMA=0MG+6342+0N+OKI/t0....0^

AM=OMG/FMA

^AA=(0N+93K)/FMAH,.., , '

SOI=OMG/FMA

AKF=(ALL+0K+FE)/100.„.0 ^

AL2=ALL/AKF 

4FCt-
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Col. ~ Col. 
1 2 

5 8 
i 
! 5 8 

5 8 

I 5 8 I 
t 

, 
I ! 

Columns Col •. 
3 to 11 12 

Specimen No. 1 

Specimen No. 2 

Specimen No. 3 

Specimen No. 4 

Columns 
13 to 19 

Sum oxide 

Hypersthene 

Water 

Or 

TABLE I 

LAYOUT OF DATA ON RESULTS CARDS 

Columns 
20 to 26 

Sum norm 

Wollastonite 

Columns 
27 to 33 

Quartz 

Hagnetite 

Ab "'--'''- "-"-'- An 

i 

I 
1-
I 
I 

Columns Columns 
34 to 40 41 to 47 

.Crthoclase Albite 

Hematite Sphene 

Qz -- -.. -- --- - Or 

Columns 
48 to 54 

Anorthite 

Ilmenite 

Columns 
55 to 61 

Corundum 

Rutile 

Ab An SI * 

t- I 
r-----~------~-----------------~----~------------------~------------~------------~----------------------~--------------------------~--------------_+------------------~ 
I 5 8 Specimen No. 5 

! 
A -____ ._______ F A .---._---.. - ..... K F 

! 
J ----_._------- _ ... _---._- --------~--------.--~------------~----------~---------~---.-.------. 

* Solidification Index 

5 in colUInn 1 indicates the age-determination section of the Bureau's data processing 
syst8m (Card Code, p.17 of Walpole, et al, 1964). 

8 in column 2 indicates Sequence Number 8 in the ase-determination section of the 
Bureau system (c.f., page 18 of Walpole, et al, 1964). 
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APPEND!X'I'-'KEY TO SYMBOIS 

- --. 
Symbol Mewing Symbol Moaning Symbol l1eaning 

¢S ' , 

Si0
2 CA ' 'Ga ' 

~ 

1 

Q.'3-Or-lI.b 

¢T TiO ZNA Na ORF diagram 
2 cations. 

¢A Al203 YK K 1..BF data. 

¢3 Fe
2
0

3 
P P PIG (ab+an)hOO 

¢2 FeO C C Jill? Ij Plagioclase 

¢m MnO DK Potassium for AKF lJ).TJ? data. 

¢I11G MgO calculation. FMA (Mgo+Fe20
3
+ 

¢C caO 1-.P Ap.::.tite FeO;Na
2
O+ 

¢N Na
2
0 CC Calcite K20)/100 

" 

¢K K
2
0 XIL Ilmenite IlF 

1 

FM11. 

¢p P205 
SP Spheno M~ diagram 

¢HP H
2
0 ( +) RU Rutile l~' ... data. 

¢HM H
2
O(-) .fJ.J.J AI for 1..KF 1l.KF (.ALL+DK+FE)/ 

cE\lculation 
t ¢C¢ CO

2 P¢R 
100 

Prov:i.sional 
SUM Sum oxides orthoclase At2 

1 

iJ{F 

PS Si 1J3 li.1bi te CK diagram 

PT Ti l!li lu10J:'thi te FF data. 

PA A1 C¢ Corundum S¢I Solidification 
.' index. 

PF3 Fr ]NT IYIo,f,110ti te 

PF2 Fe++< HE HG.t":lati te 

pm Mn 
Moleoular 

TMG 11'2 + Fl1G 

PMG Mg propor- I 
:F'E F2 + lil~G(for lJ<F) 

PC Ca tions. HB Hornblcnc,lo 

PN Na \1¢ 1;Jollastoni te 

PK K BI Bioti to 

PP P ¢R 0rthoclase 

Pc¢ C HY HypGrsthene 

SUM 1 Sum of molecular ~ Quartz 

proportions. AQ, vTater 
SI Si 

SUM: 2 Total of minerals. 
TI Ti ,FEL (or + ab+n.n) hoo 
At A1 '" 

:¢RX oaiiions. ) Or-Ab-flll 
F3 :Ft++ 

ABX l di_am Fo~ 
, , 

F2 
.. 

AUX data. ' , ' 

ENG Mg , . 
~ (Clz+or+ab)hOO 

' . 
.. 

., ' 
'" . ' .. 

. ' " . 
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APPENDIX

-by

T. Quinlan

The oompriater prub.L.Luuue. for -the- zalculati-on' of 't he Barth Mesonorm -,-- .

as -described dr. -this . Re-c.r.sr-d: -, -. . -has--been- revised -5-o-that^I I -run .-on the . C
auffigate-r .-at the • C S I .R ..0 Comp-71-al. ,* .ng --Rezearch • Centre • At'the -.....same . -time

'the- opp L.L - y was- taker to change -the -method - of -output -of -the .-resuIts, from
punched cards to output from the line. printer. This was done because the cost
of 'printing -the •regults . -from-the C .D.0 . 3600 is not significant' .in• comparison
to the-time ..required for ...calculation.

A listing of the revised programme is given on the following
pages, and an example of the results for the two data cards (which fO1iOir -

the Run Card, on page 14) is shown on page 15.



@JOB p CBDMftCTQ pMESONOftM,3 
@FTN p ! p L p X p * 
c 
C 
C 
C 
C 

PftOG~AM MESONOftM MES 00] 
WftllTEN BY W.~. MO~GAN p ftEFE~ENCEpB.M.ft. RECOftD ~965/~17 MES 002 
TO CALCULATE MESONO~MS OF AC I D, NaN-PERAlKAl!·NE I GNEOUS ~f)CKS MES 00,3 
ftEFERENCE p BA~lH9T.F.W.p~959p J.GEIl 67(2)p135-153. MES 004 

BA~TH9T.F.W.,1g62p J.GEel 70(4),497~49B. MES QOS 
ftEV~SED BY i. QUINLAN, B.H.ft, FEB ]~65 T~ ~UN g~ A CDC 3600. MES 006 
OiMENS~'~ ~0(2)pNAHE(20),T(15) MES 007 
DATA (NAME6BHG~ANITE ~BH pBHGNE~SS p8H pBH;ftANIOllpMES 90B 

* - 8HRiTE ,BHADAMEll~,8HTf 98HaAt~Tf p8H pMfS 909· 
* BHIUr"IL ~ if p 8H " 8HDOlEft I IE, BH p BH p MES 0 ~ 0 

. * BH p BH p 8H p 8H p BH )ME son 
2 FlftMAT(2Xpft8pAlp14F4.0p5XpftS) MEl en2 

54 F8RHAT{Uf- p H)X p *SAHPlE Nil *pR8 p An p * is S~UCA PIIR AND nus PRIGftAHES(H3 
*M CAN~'T CALCULATE 'IS MESIN8~H*' _ _ MES 0n4 

55 faftHAT(~H-p nOXp*SAMPllE N0 *pPt8 pAn p* ~s A Pf1~AlKAliNE fttDCK p nnSPItHES fH6 
*eGI\AM CANNGl CALCULATE. i is MESlDrAlftM*} '.' .: MES ~H 7 

~ 55 FII\MATOH4) .. -" MES O~ 8 
9Qn F~RHAT (~H',116XpBHPAGE NO. pI6,/ p6GX pBHPAG. N6.p~6' MES 01, 
'50 f'lftMAl {1H-p 5X,*MESiJN0ft.M IF SAMPllE NO. *pI't.8pA~p~WH~CH is A *p2ftB)HES 020 
95 n FiftMAT n H-, 1 OX p *5 III CATIE AN~l YS! s* 9 ~ 2X p *M~S0NlftM*, 21 X, *C8.8ftD i NATEHES 02 ~ 

1 S Ff)ft VA.U AT 'IN fli "'ftAMS*' . .. H'ES 022 
952 FlftMAT (~H-9~QX,*lx~aE' PEftCENT*,~3X9*MiNEftAl*pBXp*PEftCIEUT*97Xp*MES 023 

2FElDSPAR* pi) .... "', MES 024 
953 FlftHAT (nH ,nOX,*Slg2 *,F6.2,14X,*QUAftTZ *,F6.2p8x,* MES 025 
. *lftl'HIClASE *, F6. n p 3X, *QUAftTZ . * , F6 .,1-) MES 026 

954 FIRMAT (1H p neX,*T~'2 *,F6.2,14X,*MlH6CLA'SE *,F6.2 paxp* MES 027 
*ALB~TE - *pF6.~p3x,*eftTH'ClASE * F6.~) MES .28 

955 FlftHAT (UH pUQX,*AL203 *,F6.2,14xp*ALBITE *,F6.2~8xp* MES 02, 
. *A~~ftTHIT£ *pF6.~p3X,*AlBITE *,F6.1)·. MES 030 

956 flftMAT (1H ,U)X,*Ff2Q3 . *pF6.2,14X,*ANlftTJ:JITE ~ *,F6.2 pBX,. MES 031 
* *,F6.~) . MES 032 

957 FlftHAT (1H ,10X,*FE0 *,F6.2p14Xp*C0ftUNDUM.,- *,F6.2,Bx,* MES €l33 
*AlB i if'\ * p F6. 1 ) ,.... MES 034 

95B 'IftHAT (lH ,lGX,*HNI *,F6.2,14Xp*BI8T~TE *,F6.2,BX,* MES 035 
'. *ANlftTHITE *pF6.~) -. MES 036 '5' . FlftMAT (1H ,lOX,*"" *pF6.2,14X,*HefU4Bl.EMDE. *,F6.2,Bx,* MES 037 

* *,F6.1,3X) HE! 03B 
960 FlftMAl nH ,10X p *CAQ *,F6.2,14X,*HYPEftSTHENE *,F6.2,ax,*AFMES 039. 

*M *,'6.1) MES 641 
,61 FIMMAT (lH ,10X p *NA20 *,F6.2,14X,*W6llASTONITE *,F6.2,BX,* MES 041 

* *,F6.1) MES 042 
~ .' 

(» 
o 
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962 FeaHAT (~Hp10X,*K2Q *,F6.2p14X,*HAGNETITE *pF6.2,8x p* MES 043 
*AlKALi *pF6.1 p 3X) MES 044 

963 FORMAl OH p~OXp*P205 *pF6.2,n4X,*HEHAT.Hf *pf6.2,8X p* MES 045 
*IR8N *pF6.~) MES 046 

964 F6~MAT (IH pl0X,*H2@(+) *pF6.2,~4Xg*SPHE~~ *pF6.2 p 8xp* MES 047 
*MAGNESiA *,F6.~) • MES 048 

965 F~ftHAl (IH pI0X p*H26(-) *pF6.2,n4xD*~lHEN~lf ,_ *,f6.2,8X p* MES 04, 
* . *~F6.1) MES 050 

,66 FiftMAT (IH ~19Xp*CI2 *pF6.2,14X9*~UTilf .,F6.2p8X p*AKHES 051 
*f '* p F6. 1) . . MES 052 

,67 FORMAT· (IH p39X p*APATITE *,FU1.2 p21X,F6.1, MES 053 
,68 f6ftMAT (IH p39X p*CAlCiTE *pFln.2 plox p*A*,10X pF6.1' MES ~54 
,6, F'~MA1F OH ,3,X p*WATEI\ *pfH .2 p ~0Xp*K*p UOX pf6. 0 MES 955 
'70 FIRHAiI' n H p 70X, *F*~ leX p 1F6. 1) . MES 056 
'71 FlftHAT (IH p1iX,*TI1FAL *pF6.2,I~X9*TITAl ·9F6.2,8Xp*S~MES 057 

*l~DftF~CATHiN ~NDEX =*9F6.2) MES G58 
N8S=3 MES 059 
NPAGE~1 r- MES 060 

1 CGNTftNUE MES 061 
rtE.AI!) 29 .. I( 1 L Ne( 2) , esp IT , ~Ap 13,82 9 e>MN p eM', ac, IN p-(!)K p 8P ~ IHP, IH~, ICig MES 962 
*NIR' . . .. MES 063 '" o 

IF(£eF,60) 99,,101 MES 064 
101 eIN'~NUE MES 065 

1(0=IS/100.1 MES (1)66 
T(2)=OT/1QO.0 MES 067 
T()=.A/~oo.e M~S 068 
T(~)QI3/~00.0 MES 069 
T(5)=82/~go.m MES 07e 
T(6)=IMN/l00.0 MES 07n . 
T(7)=IHG/l00.0 MES 072 
l(8)=OC/100.0 MES 073 
T(9)=eN/~Qo.e MES 074 
T(10)=GK/100.0 MES G75 
T(11)~IP/1ge.o MES 076 
T(12)=~HP/l00.e MES 877 
T{V3)=IHH/l00.0 MES 078 
T(n4).,ce/l06.9 MES 079 
N=l - . . MES 08e 
tF{Nlft.EQ.275l4S6360B) GQ rl 102 N=N+2 MES 08! 
t'(Nlft.EQ.2745626260B) 61 TO 102 N=N+2 MES e82 
IF(NCI\.EQ.27514S2451B) Gt} re 102 N=N+2 MES 083 



102 

HZ 

122 

IF(Nf)ft.EQ.Z1244~4343B) 
IF(NI~.EQ.2423636e60B) 
IF(NI~.EQ.5~3e7e4363B) 
IF("~.EQ.2443516360B) 
C'NT~NUE . 
IF(NIB.~Q.3) 112 p l22 
C'NT~HUE . : 
Pft!NT ,01,NPA&E,NPAGE 
NP~Gf=NPAGE+l . 
NeSal 
CINTUNUE 

Citt TO 192 
&1 TO 102 
G. TI l02 
fal T. 192 

N=N+2 
N=N+2 
NI!iIN+2 
N~N+2 

PftlNT 950 pNI(1)pNG(Z)pNAME(N),NAME(N+1) 
SUH=I~+'T +',A+e3+02+fJMN+'"'tOG+'N+'K+'P+'HPi;JHM+I~' 
SUM~SUM/l,e~' . .: . 
PS=ls/6.GlQ6 
PT=tlT /7. ,,9 
PA=9A/S.0!97 
PF3~G3/7.,84 
PF2=$2/7.184 
PMN'=eMN/ 7 ;093 
PMG=OMG/4.032 
P€=QC/5.608 ; 
PN=IN/3.Q9~5 
PK=0K/4.7095 
PP=8P/ 7. 098 
PCI=8C./4.4Ql 

i SUM1=( PS+PT +PA+PF3+PF2+PMN+PMG+PC+PN+PK+PP) /loe. i) 
SI=PSISUMl .;' . ," 
TI=PT/SUMl -~ 
Al=PA/SUHl 
F3=PF3ISUMl 
F2=(PF2+PMN)/SUMl 
FM6=PMG/ SUM 1 . 
CA=PC/SUMl 
ZNA~PtV SUM 1 
YK=PK/SUMl 
P=PP/SUMl 
C=PCO/SUMl 
DK=YK 
PI=l .66 7*P 

MES 984 
MES 085 
MES 086 
MES m87 
MES e88 
MES 08, 
MES (D~0 
MES O>~U 
MES (9'2 
M'ES 0'3 
MES ,,4 
H'ES 0'5 
MES,HlftM 

MES.HlftM 
ME'SINlftM 
MESIHlftM 
MES.Hlft" 
MESINlftM 
MESINtlftM 
MES8NlftM 
MES0NlftM 
MES.HlftH 
MESINeftM 

MES.HlftM 
MES0NlftM 
MESINIRM 
MES'HlftM 
MES.NOftH 
MESINlftM 
MESIN.lltH 
MES.HaftM 
MESI.lftM 
MES.HeftM 
MESeNlftM 
MES.NlftM 
MEserUntM 

. ' , , 

~ 

o 
o 



'. ., -' 

AP=P+P0 
CA=CA-P0 
IF(C-0.)48,48,49 

49 CC=t 
CA=CA-G 
GI Ttl 70 

48 ce=t!). 0 . 
70 I F ( GA-li ) 4,4,3 
4 IF(F2-TI)81,80,80 

80 Xll=TI+TI 
F2~F2-T I 
SP=0.0 
I\Ua(!). (1) 
GO'TS 82 

81 Xil=F2+F2 
I\U~T I-F2 
SP=0.e 
G9 TO 82 

3 SP=3.*Ti 
CA=CA~T; 
S I =s I-T I 
XIL=0.e 
I\U=(i). (j) 

82 All=Al-{ZNA+YK+2.*CA) 
PII\=5.*YK 
Al=Al-YK 
SI=SI-3.*YK 
IF(AL..,ZNA)8,7,6 

8 PI\INT 55,"8(1),N0(2) 
PI\INT 155 
NI8=NI8+1 
&0 Te 1 

6 J=~ 
SA=3.*ZNA+2.*CA 
IF(SI-SA)58,9,9 

50 PI\INT 54,NI(1),NI(2) 
PI\INT 155 
NIB=N8B+l 
GO T0 1 

7 J=2 
SB=3.*ZNA 

. I F ( S I -S8 ) 50 , 9 , '9 
9 AB=5.*ZNA 

Al=Al-ZNA' 

I • 

MES0N01\M 
MES0N01\M 
MES0N(i)f\M 

MESIN01\M 
MES0N01\M 
MESeNf)I\M 
MES0NtDI\M 

MES8N01\M 
MES0N01\M, 
ME SEHU)I\M 
MESINII\M 

MEStlN81\M 
MESGJN01\M 
MES0NII\M 

MESIN.I\M 
MES0NII\M 
MES.NIDI\M 
MESIN01\M 

MESGNlftM 
MESINII\M 
MES0NOl\M 
MES0N81\M 
MES8NII\M 
MESmNil\M 

.. ., , 



• .' __ I 

SI=SI-3.*ZNA 
11 G0 T0(14,12),J 
12 AN=(f).@ 

C0=(i).(!) 
G0 T0 20 

14 IF(AL-2.*CA)15 !6 16 16 K=l ,. p 

AN=5.*CA· 
CO=AL-2.*CA 
SI=SI-2.*CA 
GO T6 20 

15 K=2 
AN=2.5*AL, 
CA=CA-~5*AL 
SI=SI-AL 
G0=0.0 

20 IF(F2~0~5*F3)21,22 22 
21 EMT=3.-*F2 p 

HE=F3"""2.*F2 
F2=F2"""F2 
G0 10 .23:, 

22 ~MT=l .·5*F3 
f.2=F2-0.5*F3 
HE =0. (1) ,: . 

23 TMG=F2+FMG 
FE=TMG.' :. 
GS'TO(26,25),K 

26 tfB=GL€>:oj' 
G0 TO 2/1':' 

25 'F(TMG~2.5*CA)45p44p44 
45 SH=l.6*TMG 

IF(SI-SH}5€>,34,34 
34 HB=3.@*TMG 

CA=CA-(i).,4*TMG 
SI=SI-l~6*TMG 
W0=CA+GA 
- .- . 
~SJ:;s'I'~cA 
~'B' L=(i) .0<: ,~.'~ 
Jltft=P0pt· -;. 
. HY =Gf(!)' ..•. 
6'0 .10' 43;" 

44 ':SO=4. *CA 

MESlIN.ftM 
MES,N(!)ftM 

MESeN0ftM 
MES0N0ftM 

MESON(l)ftM 
MES9N{!)ftM 
MES0NlftM 
MES0N0ftM 
MES0N€)ftM 
f1ES0NQftM 
MESeJNlftM 
MESaN0ftM 
MES8N0ftM 
MES0N6ftM 

MES8N0ftM 
MES9NmftM 
MES0Nt)ftM 
MES0NlftM 
MESON0ftM 

MEStlJN0ftM 
MES0N~ftM 

MESON9ftM 
MES0N8ftM 
M~SaN0PtM 

; :. 

MES(i)NOI\M 
MtS9N8ftM 

., .. , ..... -. 
ME.S(l)NlftM 
MES9N0ftM 
MES0NeJftM 

:ME Se)NE)ftM 

III .' , 

...... 
I\) 
o 



to .- -' 

IF(SI-SO)50,35,35 
35 HB=7.5*CA 

TMG=TMG-2.5*CA 
SI=SI-4.Q*CA 

27 IF(P0~-O.6*TMG)37,36,36 
36 BI=TMG+l.667*TMG 

e~=pCi)~-1.667*TMG 
HY=O.C) 
wtJ=o.o 
G0 T0 43 

37 BI=P0~+0.6*P0~ 
TMG=TMG-Q.6*P0~ 
IF(SI-TMG)50,42,42 

42 W8=(!). (1) 
61\=0.0 
HY=TMG+TMG 
SI=SI-TMG 

43 QZ=Si 
AQ=(0HP+QHM)/100.@ 
SUM2=AP+CC+SP+Xll+AB+AN+C0+EMT+HE+HB+BI+W·t~~+HYtQZ+~U 
FEl=(8~+AB+AN)/100.0 
8~X=0~/FEl 
ABX=AB/FEl 
ANX=AN/FEl 
QF=(QZ+AB+@~)/10e.@ 
QZF=QZ/QF 
Q~F=0~/QF 
ABF=AB/QF 
PlG=(AB+AN)/100.6 
ABP=AB/PlG 
ANP=AN/PlG 
FMA=(eMG+I3+02+0N+0K)/100.0 
AF=(t)3+02)/FMA 
AM=8MG/FMA 
AA=(ON+fJK)/FMA 
Sel=9MG/FMA 
AKF=(ALl+OK+FE)/lID0.0 
Al2=All/AKF 
CK=OK/AKF 
FF=FE/AKF 
P~INT '51 
PI\ I NT, 95.2 

MES0N(!)~M 
MEsmN0~M 

MEseN0~M 

MES0NlD~M 

MES(i)NG~M 

MEseN0~M 
MES(j)N@~M 
MES0N(i)~M 
MESG)N0~M 

MES0N@)~M 
MES'Nc!)~M 
MES'Nf)~M 
MESQN(I)~M 
MESf)N9~M 
MESGNSI\M 
MEsaN0~M 
MES'N(i)~M 
MES9N0~M 
MES(i)N'~M 
MES8NII\M 
MESIIN'~M 
MES0N(i)I\M 
MEStBNll\M 
MESQNOI\M 
MES@)Ne~M 
MES 245 
MES 246 
MES 247 
MES 248 
MES 24, 
MES 250 

- 'II' , 

..... 
G.> 
o 



. .. -' 

9~ NT ~53,T( 1), QZ,9~X,QZF 
P~ NT ~54pT(2 ),I~,ABX,0~F 
P~ NT ~55,T{3 ),AB,ANX,ABF 
P~ NT 956,1(4 ),AN 
P~ NT ~57,T(5 ),C0,ABP 
P~ NT ~58,T{6 ),BI,ANP 
P~ NT ~5~,T(7 ),HB 
P~ NT 960,T(8 ),HY 
P~ NT 961,T(~ ),we 
P~ NT ~62,T(le),EMT,AA 
P~ NT 963,T{11),HE,AF 
P~ NT 964,T{12),SP,AM 
P~ NT 965,T(13),XIL 
P~ NT 966, T( 14), ~U 
P~ NT 967,AP 
P~ NT ~68,CC,AL2 
P~ NT 969,AQ,CK 
P~ NT ~7('),FF 
P~ NT 971,SUM,SUM2,S01 
N8B=N8B+l 
G0 T0 1 

999 CONTINUE 
END 

SCIPE 
(ClL0AD 
@ftUN, 3,200@ .. 

• I. • 
.; .... 

MES 251 
MES 252 
MES 253 
MES 254 
MES 255 
MES 256 
MES 257 
MES 258 
MES 259 
MES 260 
MES 261 
MES 262 
MES 263 
MES 264 
MES 265 
MES 266 
MES 267 
MES 268 
MES 269 
MES 270 
MES 271 
MES 272 
MES 273 

266616~971 7480000513ge001300890002@0150101029505100@1500610e07ge251(jJ(jJ10G~NT CE2 
266616'972 59800958206002650420001102550073021004400012016560100034(jJ'9'0G~NT CE2 
~ ~. 

,. 

. . . , 
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M£:SONO~M OF'SAHPLE \10, 661699/1hilCH IS A G'~A~ITE 
. , .,. .. ' "./ ':--.' . 

SILICATE ANALYSIS MESONORM COORDINATES FOR VA.RIATION DIAGRAMS 

OXIDE PI::RCE\lT NINERAL PERCENT fELDSPAR 

Sr02 74,80 fJUARTl 35,11 ORTHOCLASE 49,9 (WARTZ 38,4 
TI02 0,05 ORTHOCLASE 29,28 ALBI TE 46,1 ORTHOCLASE 32.0 
Al203 13,9Q AL81TE 27,03 ANORTHITE 4.0 ALBITE 29.6 FE203 0,13 ANORTHITE 2,32 
fED O,A9 CORUNDUM 3,00 AL8ITE 92.1 
Ht\lO O!O2 StOTITE 2.36 ANORT'~ I TE 7.9 
"GO O.lS HORNBLENDE 0,00 
CAO 1,01 HYPERSTHENE 0,00 AF'M 
filA 2 0 2,95 WOLLASTONlTE 0.00 --

~ 1(20 5,10 MAGNETt TE 0.14 ALKALI 87.3 
P205 0,15 HEMA T1 re·· .. · 0.00 IRON 11.1 
H20(+' 0,61 -SPHENE Otl1 MAGNESIA 1.6 , H20(-) 0,07 ILMENITE 0.00 , 

;~ 

CO2 0,25 RUn LE 0,00 AKf -.. 
APATITE 0.32 'vi . 
CALCITE 0.32 A 29.9 
WATER 0,68 K 61.3 

f 8.8 
TOTAL :1.00.08 TOTAL 100.00 SOLIDIfICATION INDEX - ·1,63 

McSOMOlth OF SAMPl.E ,,/0. 66169972 WHICH IS A GRANITE 

SII.. rCATE ANALYSIS MESONORM COORDINATES FOR VARIATION DIAGRAMS 

.. ' 
OllDE PERCE\fT MINERAL PERCENT fELDSPAR .... ~,~ '::~-.' .. ., 

. ~1' 
.'",? ... " 5102 59f 80 QUARTZ 29.16 ORTHOCLASE 46,2 QUARTZ 4440,2 

UQ2 0.56 ORTHOCLASE 17~33 ALBITE 51,9 ORTHOCL.ASE 26.3 
At20~S 20.60 A!..BrrE 19.48 ANORTHITE 1,9 AlBITE . 29,5 
ff.203 2.65 A h)f)HTH 1 TE 0, iii 
FED 4 t 20 c·o i~ U N D tJt1 1.£~6a ALBITE 96.5 
Hl\IO 0,11 8HHITE ES~24 ANORPHTE 3.5 -. - -', 

ItIlGQ ~~"r-"'" . 
. !"r5"5 .-- HOF<NRLEl\inE 1L fin ". 
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