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NORMAN, a QuickBasic programme for petrochemical
re-calculation of whole-rock major-element analyses on IBM PC

NORMAN, program pro petrochemické piepocty analyz
hlavnich prvki na IBM PC (Czech summary)

(4 text-figs)
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NORMAN is a Microsoft QuickBasic 4.5 package designed for handling and recalculation of whole-rock major-element data from igne-
ous and metamorphic rocks on PC compatible computers. It is capable of computing parameters of the most common normative calcula-
tion schemes, including CIPW and Catanorm. The core of the system consists of modules to handle the import, editing and saving of the
major-element analyses, as well as browsing, saving and exporting the computed results.

The calculation algorithms are: (1) nearly independent QuickBasic programmes (“standard modules™), and (2) plain text calculation
scripts (“user-defined functions™) that may contain variables referring to the original data, to constants as well as to parameters calculated

by other standard modules and user-defined functions.

The advantage of the chosen approach is the simplicity, availability and open architecture that enables an average user not only to follow,
but also, if need be, to modify the algorithms applied to his data.
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Introduction

The interpretation of whole-rock geochemical data from
igneous and metamorphic rocks often requires complex
and time-consuming calculations. Nowadays, these are
routinely performed on a personal computer using ded-
icated software (e. g. MinCalc — Melin — Kunst 1992,
NewPet — Clarke 1993, MinPet — Richard 1995). How-
ever, unless either sufficiently detailed documentation
is provided, or the user has a fairly good skill in the
particular programming language, it is complicated to
figure out exactly which algorithm has been employed
by the author. Moreover, any modifications to the origi-
nal algorithm are usually difficult or even impossible as
it is not a common practice to make the source code
available to the public, especially for commercial pro-
grammes.

To eliminate this major drawback and to give the user
an opportunity to tailor the algorithms, a new package

Table 1 Overview of the available standard modules.

for recalculation of major-element analyses, named
NORMAN, has been developed. It consists of several core
modules designed for importing and editing of the input
data, selecting an appropriate calculation scheme, display,
printing and saving the output data. The calculation al-
gorithms are stored in small, nearly independent modules
with a simple structure. Currently modules are available
for calculation of the CIPW norm (including the modifi-
cation with biotite and hornblende; Hutchison 1974, 1975),
Niggli molecular norm (Catanorm; Hutchison 1974 and
references therein), improved Mesonorm for granitoid
rocks (Mielke — Winkler 1979), Niggli’s values (Niggli
1948), multicationic parameters of the French authors (De
la Roche et al. 1980; Debon — Le Fort 1983, 1988),
chemical approximation to the modal QAPF classification
for the igneous rocks (Q’—ANOR, Streckeisen — Le Maitre
1979), major-element based tectonic discrimination of
granitoids (Maniar — Piccoli 1989) and several others
(Tables 1-2).

Calculation scheme (reference)

Menu item' Default suffix? Module name
Granit.mesonorm .MEZ “ MEZONORM_EXE
Kohler-Raaz .KOH KOHLER.EXE
C.LPW .CPW CIPW.EXE

C. 1. P. W. with Hb & Bi .CPH CIPWHB.EXE
Catanorm KTN KATANORM.EXE
De La Roche .RCH LAROCHE.EXE
Debon-Le Fort .DLF DEBON.EXE
Niggli .NGL | NIGGLIEXE
Miscellany .MSC I' PETRCALC.EXE

Improved granite mesonorm (Mielke — Winl-c-l.er 19';9)
(Kohler — Raaz 1951)

CIPW norm (Hutchison 1974, 1975 and references therein)
Modified CIPW with hornblende and biotite (Hutchison 1975)

Niggli’s molecular norm (Catanorm) (Hutchison 1974 and references therein)

R,—R, multicationic values (De la Roche et al. 1980)

(Debon — Le Fort 1983, 1988)

Niggli's values (Niggli 1948)

Various petrochemical indexes, such as total iron as FeO, mg number,

agpaitic index, molar A/NK and A/CNK, AFM values (Irvine — Baragar 1971),
differentiation index (Larsen 1938), solidification index

! as they appear on the menu “Calculations”™

? default suffix of the ASCII-saved results, that is also used as reference in the user-defined functions
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Table 2 List of the available user-defined functions.

Menu item! Default suffix | Module name Calculation scheme (reference)

'Q-ANOR STR STR.DEF | Chemical approximation to the modal QAPF classification scheme
(Streckeisen — Le Maitre 1979)

Maniar — Piccoli .MAN MAN.DEF Major-element based classification of granitoids (Maniar — Piccoli 1989)

Zircon saturation ZWH ZWH.DEF Zircon solubility in crustal melts at 750 °C (Watson — Harrison 1983)

Apatite saturation AWH AWH.DEF Apatite solubility in leucocratic melts at 750 °C (Harrison — Watson 1984)

CIPW-based values .PAR PAR.DEF sum of salic and femic normative minerals from the CIPW norm;
differentiation index (Thornton — Tuttle 1960)

Catanorm from CIPW KFC KFC.DEF Catanorm from CIPW by coefficients (Hutchison 1975)

Mode from CIPW MEC MFC.DEF Mode from CIPW by coefficients (Hutchison 1975)

Alkaline Sylvester ALK ALK.DEF Discrimination between alkaline granite, calc-alkaline granite, and strongly

- peraluminous granite with SiO,> 68 % (Sylvester 1989)

! as they appear in the menu “Calculations User defined”

The description of NORMAN given here is only brief
as the details are set in the user’s guide provided with
the programme (Janou$ek 1999).

System specifications

An overview of the NORMAN package is shown in Fig-
ure 1. The core of the system (MAIN.EXE), calls speci-
alised modules handling input/output operations and cal-
culation of the results (DIRECT.EXE, SAVE.EXE and
CALC.EXE). NORMAN can import major-element data
as dBase *.DBF files, NewPet *.ROC files (Clarke 1993)
and several mutations of ASCII files. The input data can
be edited, and, or, entered from the keyboard using the
built-in editor. If desired, the modified data set can be
saved into *.DBF, * ROC or ASCII files.

The calculation algorithms are of two types: (a) “stan-
dard modules”, or compiled, stand-alone QuickBasic rou-
tines, and (b) “user-defined functions”, or plain text
scripts defining formulae using basic arithmetic opera-
tors, raw major-element data, constants, and various pa-
rameters calculated by the other modules.

(NORMAN.EXE|
| Initialization |

| DIRECT.EXE |
File manager |
module

MAIN.EXE
Core module

The Main menu

CALC.EXE |
- Calculation
L module
| INSTALL.EXE |
Installation |
L module J

" SAVE.EXE |
File output 4
module

DoBNEONE

(External graphic
programme)

Fig. 1 An overview of the NORMAN package.

As soon as they are computed, the results can be dis-
played and printed either individually, analysis by anal-
ysis, or in the form of a table. The data set may be
browsed, searched, its subsets selected and their basic
statistical parameters shown. The results can be saved as
dBase or ASCII files, as well as comma-delimited files
compatible with NewPet. At the moment, NORMAN has
no plotting capabilities but, to obtain the graphic output,
the results can be imported either to NewPet (utilising
its generic plots) or to a professional programme, such
as Microsoft Excel or Grapher.

Considerable attention has been paid to the installa-
tion module (INSTALL.EXE) that makes it possible not
only to configure the package (including the installation
and de-installation of standard modules and user-defined
functions) but also to edit the calculation scripts used by
the user-defined functions (*.DEF files). Although these
can be prepared using any word processor, the editor built
into the installation module enables a more comfortable
entry of the arguments from menus, taking care of the
correct syntax.

Standard modules

These are compiled QuickBasic 4.5 programmes, inde-
pendent of the rest of the package. The only exceptions
are several variables reserved by the system and three
arrays utilised for input of the major-element analyses
(either raw major-element data or atomic proportions)
and output of the calculated results. Figure 2 shows an
example of a simple standard module designed for cal-
culation of multicationic parameters after (Debon —
Le Fort 1983, 1988).

In these standard modules, typically a cycle is run for
all the samples (from 1 to pocer), the calculation algo-
rithm performed and the results transferred to the out-
put array (w()). Should an error to be encountered, an er-
ror code, together with the information concerning in
which module and at which sample it occurred, is passed
to the core of the system and the corresponding error
message is displayed. An overview of the available stan-
dard modules is given in the Table 1.
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User-defined functions

An ASCII calculation script, or user-defined function, can
call other user-defined functions, standard modules and
its own, previously-evaluated parameters. Computation
of the user-defined functions is slower than for the stan-
dard modules, as for each parameter of the particular
function, the formula needs to be interpreted and the nec-
essary modules called. Meanwhile, all the provisional
results are stored temporarily on the hard disc to enable

recursive calling of the calculation module. Although at
a cost, a major advantage of the user-defined functions
is that a user does not need any programming knowledge
to be able to understand their operation or to even mod-
ify them. Hence development of user-defined functions,
especially if aided by the editor built in the installation
module, is trouble-free.

The user-defined functions may contain basic arith-
metic operators (+ — * / ~ and brackets), reference to raw
major-element data (e. g. % SiO,), atomic proportions

'SINCLUDE: 'NORDEF.BI'
REM * Debon and Le Fort (1988): Bull. Mineral., 111, 493-510 *
ON ERRCOR GOTO Handler
- Cycle for all the samples

FOR y = 1 TO pocet &~
si =r(l, y): ti = r(2, y): al = r(3, y): fe3 = r(4, y): fe2 = r(5, y)
mn = r(6, y): mg = r(7, y): ca =1r(8, y):r na =1r(9, y): k = r(l0, y)
H20 = r(11, : co2 = r(13, : p = r(12, y)™. . . :

_______ g y): co r(Y)pr(y}Asmgn atomic proportions
i REM 0 i *1000 stored in 7() to
w(l, y) = CINT(si / 3 - (k + na + 2 * ca / 3)) i variablessi 7, etc.for better
- q=w(l, y) i understanding the algorithm
i REM P 5
: w(2, y) = k = (na + ca) E
{ REM A ;
; w(3, y) = al - (k + na + 2 * ca) :
{ REM B
: w(4, y) = fe2 + fe3 + mg + ti :
: b =w(4, y
{ REM F ;
: w(5, y) = 555 - (g + b)
: f=w(5, vy) -+-The algorithm itself; typically
| i the only part of the module to
' wig' y; - ia;(k - i be altered. Results are
i wil/, y) = na 5 .
i w(8. y) = mg / (fFe2 + fe3 + mg) E assigned to the array w_(). The
: Y i parameter names are given in
i REM Recalc to 100% : a configuration file
i suma = g + b + £ '
E w(9, y) = g/ suma * 100 :
i w(10, y) = b / suma * 100
: w(ll, y) = £ / suma * 100 :
feremeemeemeemnemneemneeammeemseemneenneenns meemmmeemmeeemmeeemmeeemseeemseeeas i
NEXT vy

CHAIN "calc" €.,

Return to the calculation

module

Simple error handler

Handler:
erro = 6
kde = y

returning the error code and
location at which the error
occurred

Fig. 2 Example of BASIC code of a simple standard module: DEBON.EXE, used for calculation of multicationic parameters after (Debon -

Le Fort 1983, 1988).
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(e. g. % Si), constants (molecular weights: e. g. WSiO,,
atomic weights: e. g. WSi, various user-defined constants:
e. g. pi, factors to recalculate weight % oxide to weight %
element and vice versa: e. g. fFeO, fFe2) and parameters
calculated by other modules. To refer to standard mod-
ules and user-defined functions, each is assigned a unique
three letter identifier. For instance, the reference to pa-
rameter “anorthite” from the CIPW norm would be
“An[CPW]”. These three letters are also used as the de-
fault suffix for saving ASCII results of the given calcu-
lation scheme.

The concept of the user-defined functions is best dem-
onstrated with an example. A user-defined function
STR.DEF (Fig. 3) calculates the Q'-ANOR parameters
(Streckeisen — Le Maitre 1979), containing reference sole-
ly to parameters of the Granite Mesonorm [MEZ] (Mielke
— Winkler 1979) combined by arithmetic operators.

A more complicated case is given in Figure 4: the
user-defined function MAN.DEF performs calculations
necessary for the geotectonic classification of granitoids
after Maniar — Piccoli (1989), referring to the parame-
ters computed by a standard module PETRCALC (e. g.

*Chemical classification for igneous rocks after Streckeisen & Le Maitre

FeOr [MSC]), parameters calculated earlier by the same
function (e. g. @sumlI[MAN]) as well as to raw major-
element data (e. g. % MgO). The list of currently avail-
able user-defined functions is given in Table 2.

Hardware requirements, availability and future
development

Although minimal hardware requirements of NORMAN
are IBM PC compatible computer with MS-DOS 5 or high-
er, about 1 MB free hard disc space and EGA, VGA or
Hercu-les compatible graphic card, it will run on quicker
machi-nes under MS Windows 95/98, preferably in
fullscreen DOS regime. This programme, including the
necessary documentation (both in HTML and a Microsoft
Word file) together with source files of all the standard
modules, is available free of charge. These can be obtained
either via Internet (at http://www.geocities.com/
vjanousek.geo/Norman) or on request from the author. At
the moment, NORMAN’s calculation algorithms are be-
ing ported into a new environment that is based on the
freeware statistical language R (Ihaka — Gentleman

(1979)

Q' = 100 * Quartz[ME_‘.Z] / (Quartz[MEZ] + Orthoclase[MEZ] + Albite[MEZ] +

Anorthite[MEZ])
ANOR =

100 * Anorthité‘-L_MEZ] / (Orthoclase[MEZ] + Anorthite[MEZ])

QQ’ and ANOR are computed from parameters returned
by the standard module MEZONORM.EXE, as
indicated by the corresponding default suffix “MEZ”
in the square brackets (see Table 1)

Fig. 3 Example of a function definition file for a user-defined function: STR.DEF that calculates Q'~ANOR parameters after (Streckeisen - Le
Maitre 1979) from the improved Mesonorm for granitoid rocks (Mielke — Winkler 1979).

*Tectonic classification of granitoids

(Maniar & Piccoli 1989)

weight % MgO
(a constant)

Calling standard module

FeOtot = FeOt[MSC]
FeOMgO = FeOt [MSC] + %MgQ €
FeO\FeOMg0O = FeOt[MSC] / FeOMgO[MAN]

A\NK = A\NK[MSC]

A\NCNK = A\CNK [MSC]g-m"""

@suml = %$A1l203 + %Na20 + %SK20 + %MgO +

Al = 100 * (%Al203 + %Na20 + %K20)

F1 = 100 * FeOt [MSC] / @suml [MAN)

M1 = 100 * %MgO/@suml [MAN]

Ggum2 =
A27=.100 * (%Al203 + 3Na20 +
109..*  (FeOt [MSC] +%Mg0) /@sum2 [MAN]

100 ;:-»...____f;icao/ @sum?2 [MAN]

F2
c2

$A1203 + %Na20 + %K20 + %MgO + FeOt[MSC] + %CaO
$K20) /@sum2 [MAN]

PETCALC.EXE (default

FeOt [MSC] suffix “MSC”; Table 1)

/ @suml [MAN] .

Calling a parameter
calculated earlier by the
same module (MAN.DEF)

Parameters whose name starts with “@” are temporary and
will not be shown when the results are being displayed
sample by sample

Fig. 4 More complicated user-defined function: MAN.DEF for major-element based tectonic discrimination of granitoids (Maniar — Piccoli
1989). This function refers not only to parameters of a standard module (PETRCALC.EXE) but also to its own, temporary parameters calculat-
ed earlier (@suml, @sum2) and to raw major-element data (% MgO).
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1996). The intention is to built eventually a platform-in-
dependent system with high-level plotting capabi-lities.

Conclusions

NORMAN provides a simple, but versatile addition to the
available PC software for petrochemical and normative
recalculations of major-element analyses from igneous
and metamorphic rocks. Its open architecture should en-
able an average user with little programming knowledge
to understand, and, if need be, also to modify the built-
in calculation algorithms. This philosophy, together with
the availability of the package, is believed to be appeal-
ing enough to encourage other geochemists to produce
new modules and to further expand the system.
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NORMAN, program pro petrochemické prepocty analyz hlavnich prvki na IBM PC

Pro kalkulaci petrochemickych a normativnich pfepoctii analyz hlavnich prvki vyvielych a metamorfovanych hornin se béZné pouZivd specidlniho
softwaru. Velkou nevyhodou byvd, Ze je obvykle obtizné vysledovat, jaky vypocetni algoritmus byl uzit, a jesté téZ3i ¢i zcela nemozné tyto algoritmy
jakymkoli zpiisobem modifikovat.

Vyvoj nového softwaru tedy vedla snaha vytvofit programovy balik, ve kterém by byly pouZité algoritmy snadno dostupné, pochopitelné a pfipadné
i modifikovatelné primérnym uZivatelem. Vznikly produkt, nazvany NORMAN, pfedstavuje soubor nékolika zékladnich moduld pro import, editaci
a ukldddni analyz hlavnich prvki, vybér vypocetniho postupu, zobrazeni, prohleddvani, tisk a uklddani vypoétenych parametrii. Podporované vstupni
a vystupni formdty zahrnuji dBase (*.DBF), nékolik variant textovych souboril a formdt pouZivany oblibenym programem NewPet (*.ROC).

K jddru systému piistupuje mnozstvi vypocetnich moduld (obstardvajici vypocet celé fady normativnich hodnot, véetné CIPW normy a Katanormy),
jez jsou dvojiho typu: (1) standardni moduly, neboli nezdvislé BASICové programy, piejimajici z jddra systému pouze vstupni data (analyzy hlavnich
prvki) a vracejici spoétené parametry, a (2) uZivatelské funkce, tedy textové pfedpisy, vyjadfujici béZné matematické operace s konstantami (napf.
molekulové a atomové hmotnosti) a proménnymi (vypoétenymi jinymi vypocetnimi moduly).
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