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A Comprehensive Basic Program for Cation Calculation and
Classification of Amphiboles

ISAM Y. AL FILALI* and HAMDY S. SADEK**
Faculty of Earth Sciences, King Abdulaziz University,
Jeddah, Saudi Arabia

ABSTRACT. This paper presents a comprehensive computer program which
provides the user with information about the chemically analysed amphiboles.
The program is written in BASIC in an interactive style which allows an easy
operation using a standard personal computer. The required input is the raw
data of mineral analyses, in either oxide or element forms, as obtained from the
traditional and instrumental chemical laboratories. The program performs a se-
quence of tasks which includes; oxide-cation conversion, Fe?*/Fe>* calcula-
tions (if required), cation allocation in the different crystal sites, and identifica-
tion of the amphibole group and mineral. The number of processed elements
is 24 which covers all the known relevant elements encountered in amphiboles.
The number of tasks and the number of elements included in this program far
exceed those considered in any of the previously published programs. Besides,
the program allows the user a wide latitude of options with explanations, tables
and graphical presentations to help in the selection of appropriate options. The
output consists of tables and plots which allow; tracing of the different opera-
tions, reliability of calculations, decision making during the execution of the
program, as well as standard print forms for publication.

Introduction

In the last few years, the chemical analysis of the different minerals groups (e.g., pyrox-
enes, amphiboles, ..., etc.) has been subjected to several studies which aim to apply au-
tomatic recalculation techniques to analysed data in order to reveal important in-
formation about the analysed minerals, This trend is of increasing interest to
mineralogists since it offers a quick and cheap way for reliable recalculation of the farge
number of minerals analyses obtainable by modern automatic analytical techniques.
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Compared with the other mineral groups, the amphiboles have been the subject of rel-
atively extensive investigations, and a number of computer programs dealing with the
recalculation of amphiboles analyses have recently been published. These programs
generally apply one or more of the different recalculation methods to chemical analyses
of amphiboles produced by either wet chemical or instrumental techniques; e.g., elec-
tron-probe micro-analysis (EPMA). The recalculation methods include: oxide-element
conversion, formula units, Fe?* and Fe* contents, cation allocation in the crystal struc-
ture, and classification of the analysed amphibole. Although many of the published pro-
grams are very useful, they have many disadvantages among which are the following:

1. Most programs deal only with a limited number of oxides of the major elements,
and neglect minor but sometimes important elements, such as Li, Ni, or Zn and es-
pecially F or Cl (e.g., Spear and Kimball, 1984, Richard and Clark, 1990).

2. Most programs are designed for data obtained using EPMA and do not deal with
the analyses done by more traditional methods which contain certain important oxides
such as L120 and HZO or separate values for Fezi)3 and FeQO (e.g., Spear and Kimball,
1984, Rock, 1987, Richard and Clark, 1990, and Griffin et al. 1991).

3. Some programs are written in high machine language such as FORTRAN which
makes them difficult to implement on many machines still in operation in some la-
boratories (e.g., Spear and Kimball, 1984 and Rock, 1987).

4. Some of the programs are written to deal only with the data form produced by the
analytical equipment they are linked with, and do not allow processing of external data.

" 5. Few of the programs cover most of the known recalculation steps starting from ox-
ide-element conversion to mineral identification (Spear and Kimball, 1984, and Richard
and Clark, 1990). Most are designed for partial recalculations (e.g., Afifi and Essene,
1988, and Rock and Carrol, 1990).

The Objective of this work is to provide mineralogists with a comprehensive program
which covers all the necessary recalculations for chemically analysed amphiboles, and
to avoid all the previously mentioned disadvantages. The present program also allows
the mineralogist to identify analytical problems which arise during the automatic re-
calculations, and provides the necessary comments and illustrations that help in such
identification. Moreover, the program provides a tabulated and graphical output of the
results that can be used directly for publication,

Features of the Program

Chemical analysis of minerals, including amphiboles, was achieved in the past using
wet chemical techniques. These techniques are generally used in the quantitative de-
termination of various oxide states of cations and also for determination of H,O content
in hydrous minerals. The inaccuracy of such methods arises from the presence of im-
purities (i.e., weathering or other alteration products) that generally occur in the an-
alysed mineral since it is difficult, if not possible, to separate a 1/10 to one gram of pure
mineral. In the last few decades, the instrumental techniques for mineral analyses, as
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optical emission, X-ray fluorescence, atomic absorption, and EPMA have become wide-
spread. These methods allow the quantitative analysis of very small sample sizes and
provide increased speed of determination at the expense of some accuracy. Recently,
the most commonly used technique is EPMA which provides data in the form of ele-
ment contents in the analysed mineral. Unfortunately, light elements such as H, Li, Be,
B and C can not be detected by EPMA and, in addition, Fe is all presented as Fe?* since

“the EPMA cannot differentiate between Fe?* and Fe®*. Therefore, a number of re-
calculations must be applied first to the analysed sample in order to achieve the oxide-
element conversion and the calculation of Fe?*, Fe** concentrations in the sample.
Then, the contents of the different elements in the analysed sample are used to calculate
the cation formula, to allocate the different elements in the crystal structure, and finally
to recognize the type of the amphibole mineral. The present computer program includes
a number of subroutines which carry out all these recalculations for amphibole analyses.
A brief description of the different recalculation tasks executed by a number of sub-
routines in the program is provided below.

Selection of Elements

Most of the previous programs, especially those designed for EPMA data, deal only
with a limited number of elements which are known to be the major elements in am-
phibole analyses (Si, Ti, Al, Cr, Fe**, Fe?*, Mn, Mg, Ca, Na, K). They neglect other
minor elements which sometimes occur in amphiboles. The omission of minor ele-
ments introduces certain errors, which may reach unacceptable levels in the Fe**/Fe**
ratio and cation distribution among different sites. '

A literature survey has been made of the minor elements that may frequently occur in
amphiboles. Hawthorne (1981) indicated that the minor elements in amphibole miner-
als include (Ge, Zn, Ni, Co, B, Be, F, Cl). It was also indicated by Klein and Hurlbut
(1985) that Phosphorus (P) may also occur where it substitutes silicon in some minerals.
Accordingly, the. minor elements considered in this program are Ge, P, Be, Zn, Ni, Co,
Li, F, Cl, OH. This list of minor elements covers all the analyses made by either wet or
instrumental chemical techniques and exceeds all the minor elements included in any
other program for amphibole recalculations. The final sequence of the major and minor
elements in the present program is; Si, Ti, Al, Ge, P, B, Cr, Fe**, Fe?*, Co, Ni, Mn, Mg,
Zn, Be, Ca, Li, Na, K, F, Cl, OH*, OH and H,0.

Oxide-Element Conversion

This process is quite essential for the subsequent recalculations applied to amphibole
minerals since the contents of all elements are required to compute the Fe?* and Fe3*
concentrations, the cation formula, and the cation allocation in the crystal structure.
The method of Oxide-Element conversion described in Klein and Hurlbut (1985) was
considered in the present program. Subroutine OXEL is designed to allow conversion
from oxides to elements and from elements to oxides as well. This process allows the
user to deal with the different forms of analyses received from wet chemical and in-
strumental laboratories. ‘



116 LY. Al Fitali and H.S. Sadek

Ferrous / Ferric Compulation

EPMA cannot distinguish the two oxidation states of iron in a mineral. EPMA soft-
ware generally treats all the Fe present as Fe**. However, because many kinds of min-
eral (amphiboles included) contain iron in both oxidation states, the EPMA analyses of
such minerals generally have to be recalculated using stoichiometric criteria in order to
estimate the Fe?* content in the absence of an independent Fe* analysis by wet chem-
istry of Mossbauer spectroscopy. The methods of recalculation for amphibole minerals

. are numerous (e.g., Stout, 1972, Robinson et al. 1981, and Droop, 1987) but they all re-
quire a reliable estimate of oxygen value generally called the oxygen base (O,) which is
actually the anhydrous oxygen equivalent (AOE). The oxygen base for amphibole is
considered as 24 for analysis which contains H,0 and/or F and Cl, otherwise the oxy- -
gen base is considered as 23.

Recalculation of microprobe data for minerals with F and Cl as well as H20+ presents
a problem for any mineral recalculation program. A typical EPMA analysis with F or
Cl but no Hz()+ ideally needs to be calculated to a variable oxygen base, depending on
how much F or Cl is actually present that is, O, is considered 23 when (F + Cl) value is
near zero, while O, = 24 when (F + Cl) value approaches 2.0.

The Fe®*/Fe3* conversion is achieved in the program using subroutine FERRIC
where the recalculation is based on the method suggested by Droop (1987) The Fe**
content (F) is given by the equation

F=2X(1-T/5)

where X is oxygen base (O,) and is defined in the equation as the AOE = 23,
T is the ideal number of cations per formula unit,
S is the observed total cation per X oxygen.

The ideal number of cations (7'} is automatically calculated in the program using the
criteria described by Hawthorne (1981) where the amphiboles are divided into four
groups according to the relative occurrence of Ca and Na in the M4 site. The basis of
classification and the ideal cation number selection in provided in Table 1.

TAaBLE 1. Basis for selection of the amphibole group and the ideal cation number (after Hawthorne, 1981).

Occurrence of Amphibole Ideal cation Indices of elements*
Ca, Na in Site M4 group no. (T) required to get (5)
(Ca+Na) < 134 Fe-Mg-Mn 15 from 1 to 16
(Ca+Na)>=134

andNa < 0.67 Calcic 13 fromlto 15
(Ca+Na)>=134

and 0.67 <=1.34 Sodie-Caleic 13 from 1to 15
Na >=1.34 Alkali 16 fromito 9

* This indices of elements, are their orders in the sequence of elements described in page 5. (e.g., the indices of Si and K are 1
& 19, respectively).

The selection of the amphibole group by the user allows the program to recognize
which elements in the sample that must be added together to obtain the value of S.



A Comprehensive Basic Program for Cation Calculation ... 117

Then this value is compared with the corresponding ideal cation number (7). Finally,
the content of Fe** is calculated from the previous equation and consequently the pro-
gram modifies the values Fe?* and FeO according to the relative frequency of each cat-
ion using the method described by Droop (1987). In case of wet chemical analyses,
where the content of Fe?* and Fe™* are determined, the program does not recalculate
~ their contents.

Cation Distribution in the Different Sites

The calculation of the element content using oxide-element conversion (Subroutine
OXEL) and the modifications introduced in the Fe** and Fe>* concentration using Sub-
routine (FERRIC) provide the user with the most reliable frequency of the occurrence
of each element in the analysed mineral. The adjusted values of the element content is’
then distributed in the different sites of the crystal structure of the investigated am-
phibole mineral. Subroutine (CATDIST) performs this complicated process according
to cation distribution form compiled by Mogessie et al., (1990). This form which is ac-
cepted by the International Mineral Association (IMA) considers the major element
group and a minor group which do not include some of the minor elements considered
in this program. Therefore, an extensive work has been achieved to match the addi-
tional minor elements in the convenient sites according to the distributions suggested by
many authors (e.g., Hawthorne, 1981; Robinson et al. 1982; Klein and Hurlbut, 1985).
On the other hand, the general site-formula of amphiboles {A (O~1) B (2) C (5) T (8)
0 (22)} (OH, F, Ct} (2), accepted by IMA is replaced by the modified form suggested
by some of the previous authors that divides the T and C-sites into separate sites. The
relationship between the two forms, the number of cations in each site, and its crystal
form is described in Table 2. Therefore, the program distributes the cation in six sites
instead of the four sites, which are generally considered by most of the mineralogists in
order to reveal a more detailed crystal description.

TasLE 2. Description of the different sites in amphibole minerals.

Site Site in Coordination No. of Elements included in program
IMA program number cations progra
A A 12 1 Na, K
B - M4 6-8 2 Fe2, Mg, Mn, Co, Ni, Zn, Ca, Li, Na
C MI1. M3 6 {Octahed) 3 Fe2, Mg, Mn, Co, Ni, Zn, Li,
M2 6 (Octahed) 2 Al T, Cr,Fe3, B
T Tl 4 (tetrahed) 4 Si, Ge, Be, Al Fe3, Ti
T2 : 4 (tetrahed) 4 Si, Ge
Amphibole Classification

The subroutine (MNRLID) was specially designed to provide the mineral name ac-
cording to the classification of the IMA (Leak, 1978; Mogessie ef al,, 1990). In this re-
spect, the ninety one amphiboles included in the IMA sheet are classified in four
groups, but the identification of any investigated amphibole still requires the de-

_ termination of several parameters. Most of these parameters are automatically de-
termined by the subroutine through the scanning of the stored resuits of cation dis-
tribution. This criterion is used to determine the name of the investigated amphibole in
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three of the four amphibole-groups, (Table 1). For the fourth group (Fe-Mn-Mg group),
the mineral identification requires additional information about the investigated mineral
such as the Li content and the crystal form (orthorhombic or monoclinic). Unfortunately,
in most analyses (e.g., EPMA), the Li content is not detected and the exact crystal form
is not previously known. In this case, the program suggests four names for the in-
vestigated amphibole, from which the selection of the appropriate name remains the re-
sponsibility of the mineralogist. If either Li-content or crystal form is known, the num-
ber of suggested mineral names decreases to two and if both pleces of information are
available ofcourse the mineral name can be determined.

Program Operation

The present program is a menu-driven interactive program written in Basic which al-
lows easy operation and widespread use on most types of personal computers. The in-
put/output (I/O) data and the calculation tasks are accomplished by means of a set of
subroutines specially designed for these purposes. The tasks in this program can be di-
vided into three main groups; the input group, the computation group, and the output
group. The selection of each group is available through the main menu, while the selec-
tion of any of the tasks included in each group is available through one of the three me-
nus assigned for each group. A brief description of the different functions executed us-
ing the main menu and the three relevant menus is explained below.

Main Menu

This Menu (Fig. 1) displays four options which allow the user to utilize one of three
relevant menus (an input menu, a calculation menu, and an output menu) and an addi-
tional option to allow program termination. The sequence of operations must start with
the input menu then the calculation menu and finally the output menu. This is designed
to warn the user if the sequence of operation is incorrect and to allow him to restast the
proper operation.

Data Input Menu

This menu provides the user with five options (Fig. 2) which allows him to input his
data and to check if the input data are in the proper form to pass to the calculation
menu. The different options provided by this menu are to input from keyboard, to input
from an ASCII disk file, to edit and correct the input data, to save the input data on a
disk file and to check the input data before operating the calculation menu. The last op-
tion displays the input data for the last check and to return back to the main menu.

Computation Menu

This menu (Fig. 3) allows the user four options to perform a number of operations
which include; oxide-element conversion, Fe’* and Fe** corrections if necessary, cation
distribution, amphibole group, and name of the investigated mineral. The operations
must be executed in the previously mentioned sequence, especially in the case of anal-
yses performed utlhzmg instrumental techniques (e.g., EPMA) that requnre correcnons
for Fe** and Fe’* contents. For wet chemical analyses, where Fe** and Fe™* contents
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PROGRAM AMPHIBOLE

This program allows the user to do the following jobs:

To calculate Fe'** concentrations in the amphibole minerals
using microprobe or chemical analyses.

To calcuate the cation distribution in the different sites.

To determine the amphibole mineral group, the mineral name
and location within this group.

The program provides tables and plots which precisely describe
the results.

Input data MENU
Calculation MENU
Output MENU

QUIT
Enter your choice [DEF.=] : ?
Fig. 1. Main Menu of Program AMPHBL 94.
é:E=g=§=1=é====l=§=2=§=I==:M=§=E=g
Input from a keyboard
Input from a disk file
Edit input data
Store input data in a disk file
Check input data and MIAN MENU

Enter your choice [DEF=5] : ?

Fic. 2. Datalinput Menu.
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COMPUTATION MENU

This MENU allows the user to carry out all the,needed
calculations for oxide-element conversions, Fe“ - Fe3,
cation distribution in the different sites and the
mineral name within the amphibole group., They should
be executed systematically.

1- Oxide - Element Conversion
2- Calculate Fe2 - Fe3

3- Calculate Cation Formula
4~ Mineral 1D

5- Main Menu

Enter Your Choice: 7

Fig. 3. Computation Menu.

are determined, the execution will not change the pre-determinded Fe** and Fe™* val-
ues. A screen display of the mineral name and amphibole group is generally provided
during the execution of the last operation of the computation menu.

Data Output Menu

The data output menu (Fig. 4} allows the user a number of options to obtain the re-
calculation results together with the input analysis of the investigated amphibole. The
output can be either displayed on the screen or obtained as a hard copy using a line
printer. The screen display allows the user to review the output data and decide if a
hard copy is required. The hard copy includes tables and plots produced in a format
which can be directly used in publications. They provide the results of all calculations
of the investigated unknown mineral, the suggested amphibole group, the mineral iden-
tification, and, in addition, they demonstrate the location of the investigated mineral
within the amphibole group.

Two examples were selected from a previous publication (Droop, 1987) where micro-
probe analyses of two amphibole minerals were recalculated by the present program as
unknown minerals. The results are illustrated in Fig. 5 and 6. The results of Fe?* and
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DATA OQUTPUT MENU

1- Screen Display of output data
2~ Printer hardcopy of output data
3- Main Menu

Enter Your Choice : 7

Fie. 4. Data Ouput Menu.

Fe?* corrections are the same, but the present program also calculated the cation for-
mula and accordingly identified the minerals as gedrite and ferrcan-pargasitic horn-
blende. In addition to the table presentation of the cation distribution in the output, it is
also possible to obtain the distribution in a form of equation from Fig. 7a and 7h.

Conclusion

The computer program discussed in this paper provides the most comprehensive pro-
gram that can be casily operated in the laboratories of mineral analysis. The program
covers all the known operations used in the recalculation of amphiboles.

The advantages of this program over the previously published software can be sum-
marized as follows:,

1. The program covers all the known operations required for the recalculation of am-
phibole minerals.

2. This program considers all the reported minor element lists as well as all the ele-
ment substitutions.

3. The program allows oxide-element and element-oxide conversions to provide the
user with wide latitude of information that can be used for many purposes.

4, The cation distribution can be provided in either a table or equation forms.

5. The output tables and plots precisely describe the results and allow the user to
check the recalculations. In addition, they are designed in a form which can directly uti-
lized for publications.
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iIN SITE T2 TOTAL CATIONS= 4 CHEM. FORM IS

T2=4.00008i
IN SITE T1 TOTAL CATIONS= &4 CHEM. FORM IS
T1=2.143851+1.856241
IN SITE M2 TOTAL CATIQONS= 2 CHEM. FORM 1S
M2=0,0213Ti+1.1882A1+40.0852Fe340.1805Fe2+40.0032Mn+0.5217Mg
IN SITE Mi3 TOTAL _CATIONS= 3 CHEM. FORM IS
M13=0.7676Fe240.0135Mn+2.21894¢
IN SITE M4 TOTAL CATIONS= 2 CHEM. FORM 1S
M4=0.4869Fe240.0085Mn+1.4075Mg+0.0970Ca+0.0000Na

IN SITE Al TOTAL CATIONS= ,540329 CHEM. FORM IS
A1=0.5403Na

AMPHIBOLE GROUP : Fe-Mg-Mn

The Analysed Mineral is
MINERAL NAME : Gedrite . )
OR MINERAL NAME : Magnesio-Cummingtonite

IN SITE T2  TOTAL CATIONS= 4 ;
IN SITE T2 CHEM. FORM IS
IN SITE Tt TOTAL CATIONS= 4  CHEM. FORM Is  ~
T1=3.41308i+1.5870A1 ¢ RM IS

IN SITE M2 TOTAL CATIONS= 2 CHEM. FORM IS __
M2=0.2024Ti+0.4483A1+0.3083F03+40.4025Fe2+0.6385Mg

IN SITE M13 _ TOTAL CATIONS- 3  CHEM. FORM 1S T
M1321.1599Fe2+1.8401Mg+0.0000Ca EM. FORM 1S

IN SITE M4 TOTAL CATIONS= 2  CHEM. FORM IS
M4=1.8407Ca+0.1593Na 5

IN SITE Al TOTAL CATIONS= .584995  CHEM. FORM 1S
A1=0.3828Na+0.2022K CHEM. FORM 1S

2 e s o o s s o s O S o e o e

The Analysed Mineral 'is
MINERAL NAME : Ferroan-Pargasitic-Hornblend

FiG. 7b, A list of the result of site analysis of a Calcic amphibole minerals in the equation form.
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