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ABSTRACT

An amphibole composition space defined by A, B and
Tsite occupancies subdivides into 13 tetrahedral domains,
each with venices defined by International Mineralogical
Association end-members. With the assumption that a given
composition comprises only end members of the tetrahedral
domain in which it plots, mol fractions of such end-
members can be assigned for any sample whose composi-
tion falls within the composition space. The most abun-
dant end member calculated by this method commonly, but
not invaxiably, agrees with the name assigned by IMA rules.
The calculation is relatively insensitive to lack of water and
ferric iron determinations. A computer progxam in BASIC
is listed. The method can be applied to any complex solid-
solution.

Keywords: amphibole, classification, end members, mol
fractions, computer program.

SOMMAIRE

Une classification des amphiboles peut se faire dans
I'espace compositionnel d6fini par I'occupation des sites
A, B et 7. Il en r6sulte treize domaines tetraedriques dis-
tincts, chacun ayant conme sommets des p6les approuv6s
par l'Association Internationale de Min€ralogie. Si la sup-
position est faite qu'une composition se d6compose uni-
quement en termes du domaine t6tra6drique pertinent, il
est possible de calculer les fractions molaires des pdles du
domaine en question. Le p6le le plus important qui res-
sort du calcul correspond couramment, mais pas necessai-
rement, au nom qui rdsulte de I'application des rdgles de
I'IMA. Le calcul est relativement insensible i I'absence de
donndes sur la concentration de I'eau ou du fer trivalent.
Le logiciel requis pour effectuer le calcul, 6crit en BASIC,
est inclus. La m6thode peut s'appliquer i n'importe quelle
solution solide complexe.

(Iraduir par la R€daction)

Mo*-cla: amphibole, classification, pdles, fractions molai-
res, logiciel.

INtnorucrroN

Amphiboles form an enormously diverse mineral
family, critical to the understanding of a great vari-
ety of igneous and metamorphic rocks. An amphi
bole can be named according 10 conventions estab-
lished by the IMA (Leake 1978, Rock & Leake 1983).
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However, in a group of related amphibole compo-
sitions, or a series of methods of recalculation of one
composition, formal names often vary widely, con-
cealing the kinship between closely related compo-
sitions (cl, Richard & Clarke 1990). Analytical results
may be directly and informatively compared via ca-
tion content of the formula unit, but quantitative re-
lation of this unit to formal end-members requires
some method of assignment to end members.

PnNcrpr-ss oF ASSIGNMENT To END MEMBERS

Amphiboles have the ideal formula
A4B2C5TBOD(OH,F,CI)2, where commonly Na and
K occupy thel site, Na, Li, Ca, Mn, Mg and Fd*,
the .B position, Mg, Fd*, Mn, Al, Fe3* and Ti, the
C position, and Si and Al, the Zposition, although
many other less common substitutions occur.
Assume that an amphibole composition has been
expressed in this form, and a set of end members
selected. (Neither of these problems is trivial, but for
the present purpose they are assumed to be solved.)
Can a meaningful mol fraction of a given end-
member be calculated? Consider occupancy of the
A, B and I sites. Independent variation at the A,
B and Zsites can easily be demonstrated by consider-
ing possible substitutions involving the C site, for
example

P t t ; = l u f o * + t t ' S
(riebeckite - arfvedsonite)

+ I0c+ : I4IB* + M3;
(tremolite - winchite)

W  + I / P c + : I ( ? f  a 1 4 t +
(tremolite - hornblende)

where subscripts refer to the site, superscripts to the
valence of the atom, M to any atom, and v to a
vacancy. In parentheses is listed an example of the
effect of such a substitution. Thus in the first case,
riebeckite has the / site vacant, and a trivalent ion
(fenic iron) in C. Substitution of a monovalent
sodium in 1 and divalent iron for the trivalent iron
in Cgives arfvedsonite. Given the independence of
A, B and 7i an amphibole composition space based
upon them can be constructed as shown in Figure
l, in which the dimensions have been chosen as the
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FIG. l. A composition space for amphiboles based upon occupancies of the .4, B and I sites. Each point of the space
corresponding to one or more amphibole end-members is labeled with the name of an end member occurring at
that point. Many of these points correspond to more than one end-member. The point labeled "riebeckite", for
example, corresponds to the end-members magnesio-riebeckite, glaucophane and ferro-glaucophane, as well as rie-
beckite. The planes edenite-tremolite-richterite (Sir + .4 t cs = 12) and riebeckite-barroisite-tschermakite-
taramite-nyboite (Si7 * A + c": l0) mark the boun-daries of amphibole composition space. On the left is shown
the composition space for iron-magnesium amphiboles, which lie on the left-hand face of the polyhedron. These
end members are obtained by substitution of (Fe,Mg) for Ca on this face.

4 /

occupancy of the.4 site, the average ionic charge on
the I site, and the average number of Si atoms in
the 7site. According to the original IMA classifica-
tion (Leake 1978), this space is dMded into four sub-
spaces by the planes Si1 = 7, and charge in the.B
site : 3. The planes bounding possible amphibole
compositions areA + cs + Sir = l0and A + cu
* Si7 = 12, where A is the occupancy of the.4 site
(0 to l), cs,the charge in the B site (6 to 8). (Cases
the number of Si atoms in the Zsite (6 to 8). (Cases
in which Si7 is less than 6 are treated in the Discus-
sion section). Intersection of these planes with the
bounding faces ofFigure I defines three subspaces
with 7 vertices and one with 4 vertices, giving 13
points representing possible amphibole compositions.
Each of these points in Figure I is labeled with the
name of an IMA end-member lying at"that point,

although other end members also may lie at the same
point, as shown in Table 1. These 13 points include
all possible end-members within the space defined
by Figure l; given the occupancies ofthe,4, B and
Tsites, the numbers of divalent and trivalent atoms
in the Csites are fixed by charge-balance considera-
tions. All IMA end members with Sir greater than
or equal to 6 contain two (negative) charges in the
OH site, with the exception of kaersutite. Kaersu-
tite contains tetravalent Ti replacing a trivalent ion
in the C site, with the charge balanced by replace-
ment of a monovalent anion by a (divalent) oxygen
atom in the OH site. In the representation in Figure
l, it therefore plots at "pargasite". The 13 points
of Figure I may be correlated with IMA end-member
nomenclature by considering within-site substitu-
tions. For example, exchange of Fe for Mg in the
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C site at the "tremolile" point produces ferro-
actinolite, whereas exchange of Mg for Ca in the B
site produces magnesio-anthophyllite. (In this chem-
ical representation, no notice is taken of structure.)
A list of the names so produced is shown in Table l.

The subspaces of Figure I fall into tetrahedral
domains whose orientation is uniquely fixed by
planes bounding amphibole composition space. Each
of the subspaces with 7 vertices may be subdivided
into 4 tetrahedra, three with an orthogonal corner,
the other bounded by equilateral triangles (Fig. 2).
The total composition space of the amphibole group
in Figure I can therefore be decomposed into 13
tetrahedral domains. Any composition that can be
represented within this composition space falls within
one of these 13 domains. I assume that a composi-
tion contains only end members that are vertices of
the domain within which it falls. (A composition
could be reduced to mol fractions of more distant
end-members.) The net effect of the assumption is
to limit the calculated mol fractions to related com-
positions. Within a given domain, mol fractions can
be readily assigned. Suppose a composition lies in
the tetrahedron 1-4-5-9 of Figure 2 (at the upper
left). Only vertex 5 has a value c6 less than 4. Thus
the mol fraction of vertex 5 is xr = 4 - ca. Similarly
re = A, ond xl = Sir - 7 in order to fulfill con-
straints on the/ and Isites, &nd.r4 = | - x1 - x,
- xe. The condition that a composition lies in this
domain at all is easily seen to be 0 < A + (4 - cg)
+ (Sir -7) < | (i.e., it must lie in the subspace
with Si1 > 7 and c" ) 3, but beneath the plane
l-5-9). Analogous relations hold for the other
orthogonal tetrahedra. For equilateral tetrahedra like
l-5-7-9, relations are only slightly more complex:
(x, + x) = A, (xs + xr) : (ca -3), (x1 + xr) =
(Sir - 7) and (x, + xr) = (l - A), which together
give x, = {(Sir - 7) + (l - A) - (ca - 3)}/2, x, =

{(Si r -  7)  -  ( l  -  A)  + (c"-3) \ /2 ,  x t :  { ( r  -  A)
+  ( cs -3 ) - (S i r -7 ) \ / 2andxg=  |  - { (S i1 -7 )  +
(l - A) + (cs - 3)l/2. Analogous relations hold for
the other equilateral tetrahedra.

A hand calculation of a representative composi-
tion is shown in detail in Table 2, and a computer
program, written in BASIC, which starts from an
amphibole composition and produces mol fractions
of end members, is listed in the Appendix. This pro-
gram first makes site assignments, and then uses
these assignments to calculate mol fractions.

Srtn Asstctrvrgvrs

The above scheme assumes assigrtments of ana-
lyzed species to crystal chemical sites. As noted by
Hawthorne (1983) and many others, this assignment
cannot be made in a totally unambiguous fashion.
I have followed the recommendation of Leake (198)
and reduced the sum of (O + OH + F + Cl) to

TSLE I. A}IPHIBOLE END-MSBERS OBTAIMD
BY WIMIN-SITE EXCIIANCES

(A)(B)(C)(T) Eachange (al te) End-noebs! €

tr@olLae ug - Fo (C) fsrto-acllnollt€
( )  (Ca") (Mg.) (s1.)  ca -  Fe (B) ferro-anthophyl l l te- 

Fo - uq (B) nagn€slo-anthophyllite
M q - h ( B )  t l r o d l t a
Mg - fs (C) dannonorlt€

wlnchlte* M9 - F€._(C) ferro-alMino
O ( c a N a ) ( M q , A r ) ( s I " )  A 1  -  F e "  ( c )  f e r r o - f e r r l

F€ -  Mg (C) dagneaio-ferr l

r leb€ckit€- -  F6-- Mg (c) @gneaio_rlebcklLo
( )  (Na") (ro",Fe",)  (sf .)  Fs" -  A1 (c) fetro-glaucophane

F6 - Mg (C) glaucoPhano
Na - Ll  (B) holEqulst t te

hornblend€* Mg - Fe.-(c) forro-alulno
(  )  ( c a . )  ( M q , A t )  ( S i , A l )  A l  -  F e ' -  ( c )  f € r r o - f e r r i *'  

F€ -  Mg (C) @gnosio-f€rr l*

barEolsi te* Mg - Fe..(C) ferro-al@lno
O ( c d a ) ( M q , A I , ) ( s t , A I )  A 1  -  F € "  ( c )  f e r r o - f e r r l

Fe -  Mg (C) Mgnesio-f€rr l

Lsch€rukl te* Mg - Fe. (c) fefro-alulno
O ( c a " ) ( M g r A l , ) ( s r r A I , )  A f  -  F e "  ( c )  f e r r o - f e x t l

Fe - Mg (C) @gnealo-f€rr l

rlchterlle ltg - Fe (c) ferto-rlchtellt€
(Na)  (caxa)  (ugr )  (s re )

arfvedaontto
( N a )  ( N a , )  ( F s 3 ' F e ? ' . )  ( S l 6 )

gdenlte

(Na)  (ca , )  ( ! rg , )  (s ts )

ka taDhor l te r  Mq -  Fe^  (c )  fe r ro -a lu lno

( N a ) i c d a ) ( M g " A I ) ( s i ? A I )  A i  -  F e "  ( c )  f e r l o - f o r r l
'  

FE -  Mg (C)  @gnEs lo- le r t l

t rvbo l t€ r  Mq -  Fe"  (c )  fe l ro -a lu lno*

( i l a ) ( N a , ) ( M g . A l , ) ( s i i A l )  A r  -  F e "  ( c )  f € r r o - f e r r l *  . -
F€  -  Mq (c )  Mgnda lo- l€ r r r t

Erqas l t€  Mq -  F€-  (C)  f€ r ro - IErgaa l te

lNat(ca,)(Ms.Al)(sidAr,) A1 : ff"(Ji, Hiljliilii".*n,r."
tar@llet ug - r€.-(c) f€rro-elud1tro,
( t r a ) ( N a . ) ( M g , A I , ) ( s l . A I , )  A I  -  F € "  ( C )  f e r r o - f o r r l 0'  

ro -  Mg (C) @gnoslo-ferf l f

g rher6 no variotal n@e gLven, Lt ls tho 6de as ln ths
left-hand col|m. j tho @gnEsio-41@Ltro snd-Boobor !.4
a66MEd. t not strEc!.f!.6d but toplLed bY MA noDencl6tug.

24 where data are available for Fe3*, OH, F and
Cl. The problem of reducing results of electron-
microprobe analyses lacking Hp and Fe3* determi-
nations was discussed by Hawthorne (1983) and'
more recently, by Richard & Clarke (1990). No
procedure is completely satisfactory. A common
practice is to calculate the composition on the basis
of46 charges, and then adjust Fd+/Fe3* to reduce
the sum of cations less Ca + Na + K to 13 for cases
in which Na + Ca exceeds 1.34, and the sum of
cations less Na + K to 15 for cases in which Na +
Ca is less than 1.34. In some cases, this procedure
produces cation sum$ less than 15 or greater than
16, as noted by Rock & Leake (1983). It also con-
flicts with certain end-members as defined by the
IMA, since end-member kaersutite has 47 cationic
charges rather than 46, as in all other end members.
The method here adopted is to normalize electron-
microprobe data to 46 + Ti charges, where Ti is the
number of Ti atoms in the calculated cell.
Fd*/Fd* is then adjusted as noted above. Sites are
filled in all cases in the order T, C, B, z4 to a maxi-

Fe-- l.lg (c) @gnealo-6rfvodaonlt€
FE"' - Al (C) scks@mit€
U9 - Fe (C) ferro-scke@mLte
F e - h ( C )  k o z u l l t o

f.tg - FE (c) felro-edonlt€
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Ftc. 2. Amphibole subspaces defined by IMA nomenclature. The upper left, upper right and lower left groups of four
tetrahedra each represent an "exploded" cube missing one tetrahedral corner (compare Fig. l). Every composition
that can be represented within Figure I must fall within one of these 13 tetrahedra. Numbering of the vertices cor-
responds to vertex names in Figure l, as follows: I tremolite, 2 winchite, 3 riebeckite, 4 hornblende, 5 barroisite,
6 tschermakite, 7 richterite, 8 arfvedsonite, 9 edenite, l0 katophorite, ll nyboite, 12 pargasite, and 13 taramite.

mum of 8, 5, 2 and I atoms, respectively, assuming
that (i) Ca cannot be accommodated in the C or A
sites, and (ii) that the,B site must contain 2 atoms,
even at the expense of vacancies in C. This proce-
dure is certainly imperfect, but an iron-rich compo-
sition (Table 3, column 8) in which the HrO deter-
mination is omitted and total Fe given as FeO gives
mol fractions similar to those from a complete anal-
ysis, altlough calculated ferrous and ferric iron differ
markedly from the values determined. The calcula-
tion is therefore relatively insensitive to lack of dam
on water and ferric iron. The program has, in any
sase, an option for inputting site occupancies
directly, so that other schemes for data reduction can
be used. An example of a printout from the program
is shown in Table 3. Some results of the computa-
tion applied to amphibole data from the literature
are shown in Table 4.

DrscussroN

For most amphiboles, the most abundant calcu-
lated component is the name given to the amphibole
by the IMA scheme (Table 4, columns 1-5). In some
cases the mol fraction of another end-member is
comparable in amount to the named end-member
(column 3), and in a few cases three or more end-
members have similar mol fractions (column O. The
IMA name does not appear among calculated com-
ponents in Table 2 or Table 4, column 7. The "con-
tradiction" for hornblende results from features of
the IMA scheme. For calcic amphiboles, Na, may
be up to 0.67, and the content of the A site up to
0.5 atoms. In Figure l, an amphibole lying on the
join hornblende-barroisite would be called horn-
blende even though it contains 67s/o of the barroi-
site end-member. In composition space (Fig. l), the
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composition used in Table 2lies closer to edenite and
barroisite than to hornblende, and this is reflected
in the mol fractions. The composition in column 7
of Table 4 was termed "arfvedsonite" by Hawthorne
(1983), although (Na + K) in the.4 site is less than
0.5. According to IMA rules (Hawthorne 1983, Fig.
4, p. 180), the amphibole should be named "riebeck-
ite", and this is reflected by the computed end-
members.

The composition space shown in Figure I does not
span the possible range of amphibole compositions,
since compositions with as few as 4.5 atoms of Si
per unit cell are well documented. Shimazaki el a/.
(1984) published results of analyses for which the
sum ofl + cB + SiTapproaches 8. Ifthe plane A
* cB * Sir : 3 were plotted on Figure 1, it would
increase the number of possible amphibole points
from 13 lo2A,but otherwise introduce no difficulty
in the calculation. However, few end-members lying
below / + cB + Sir = 19 have been defined and
named. This region is therefore not included in the
calculation. One end-member lying on the plane u4
+ cB + Si" : 19 and containing less than 6 atoms
of si per formula unit is .4,8!cl2si5Al3o22(oH)2
(Bunch & Okrusch 1973). A sample calculation
assuming this member is shown in Table 4, column
9. In this formula, the superscripts on B and Cindi-
cate the total charge at these positions.

Since the occupancy of the C site is not specifi-
cally considered in the calculation, differing occupan-
cies of the C site, including unit formulae with an
occupancy of the C site less than 5, are included in
the end members as now calculated, from which
other end members differing only in occupancy of
the C site could be separated if the configuration of
the C site is specified. In the proposed calculation,
no account is taken of occupancy of the OH site,
but end members of chlorine- and fluorine-rich
amphiboles are readily calculated if the relevant data
are available.

The calculation assumes no vacancies in the I site,
and a sum for A + B + C + I(including vacan-
cies in C and Z) between 15 and 16. Of 103 compo-
sitions calculated from the literature, 18 did not meet
these criteria. Inmany cases, results ofthe analyses
can be forced to meet the above criteria by adjust-
ing the basis to which the analytical data are reduced
to less than 24(O + OH + F + Cl). This amounts
to an assumption of vacancies in the OH site. The
computer program supplies a mechanism for such
an adjustment, together with a caution about its use.
An example of such a recalculation is shown in Table
4, column 9.

The method used to calculate mol fractions of end-
member amphiboles, namely to construct and sub-
divide a composition space with independent com-
positional variables, is applicable to other complex
solid-solutions, for example chlorite. An alternative

TABI.E 2. EXAMPLA OT CALCI'I,AIXION OT A}'PHIBOLS END.MEMBERS

Ex@ple: Haf, ihorne (1983),  AplEndtx cl ,  anal.  42, p.  365

I l tA nus! ' lmgne61o-hornblende"
Mol fract ions tn ai tes

(cootDre r lg.  2)

s t , a g t r - 6 r  0 . 7 3
S i 6 - 7 - s l r -  0 . 2 7

s lo ,  48 .40
t to ,  0 .33
Al :o3  11 .54
f'o2o! L.44
reo 3 .59
Ii lno 0.07
uqo 18 .03
CaO 10.70
na io  2 .52
KrO 0 .60
8rO 2 .63
F -

roral 100.23

SItes

9r ,  6 .73
Al ,  r .27

o , 6 2
0 . 0 3  C a ,  =  c ! - 3  '  0 . 5 9
0 . 1 5  c a N a  -  4 - c !  -  0 . 4 1
4 .  1 6
0 . 0 4  A  E N a r + K  a  0 . 3 ?

1 - A  -  0 . 5 3

c %  1 , 5 9
N4 0.41 . Lncludea l"tq 3.73,

"  F" t '  0 .42 ,  un  o .o1
N." 0.27
trr 0. 10

Subapaco: edonlts-horn!lendg-tDrrolslte-katophorli9-
taraolte-pagaslte-tsche@ktte (Ftg. 1)

Telrahedlon: gdetr.lt9-barolEtte-tarulto-tache@kIte

( 5 - 6 - 9 - 1 3 ,  F t g . 2 )

I tg/(Mg{.tn+Fe) -  3.73/4.16 " O -497

l e " / { F e " + a l 1  .  o . 1 g l 0 . ? 7  -  0 . 1 9 5

r s / ( M g r u n + r e )  -  0 . 4 2 1 4 . 1 6 '  0 . 1 0 1

A l / ( F € " + A l )  -  0 . 6 2 / 0 . 7 7  -  O . A O 5

A1"

*w"

End-nsnberE @gn6sto f,oEo

Edoni. ta (St?-trA+ca?)/2 0.345 0.309 0'035

rsche@kilo (1- i+car-sr;) /2 0.245 alulno 0.I77 0.o22
f,er l .  0.043 0.002

barrol .sLta (slr+1-A-Ca.)/2 0.385 aluLno 0.278 0'031
f € $ l  0 . 0 6 7  0 . 0 0 8

tar@lta ( l+A-Si?-Car)/2 0.025 aturno 0.018 0.003
f s r r l  0 . 0 0 3  0 . 0 0 0

l{ame8lo deEb€rs found by @lttplying gnd-E€obora by
u;7it{q+un+Fe}, mmesto-iluLno Daob€r6 btr lilgl (Mg+Mn+F€) ]r
t i r l tFe"+lr l  j ,  etgh analogous fomlae for fero and
ierrd-ferrl ooo.bere. Note lha! hornblonde d@s not aplmr
a@no lho snd-Egobors, atthough lt 16 the nam glv€n ln th6
r. [ . ; .  c lasatf , tcat lon. l ih lB asl thtbole'6 c@Ipalt lon I les
closs !o the co@on faco b€t 99n the t€bshodta hornbLond€-
balrglsl.te-edenlte-tsqh9@klte ed edqnlte-tacho@kttE-
barrotgLtg-tuutle. In cootpsttlon space, Lt lr.es closE!
to both burotstte ud edqntte tbo to hornblendq.

representation is the exchange-vector notation
introduced by Thompson (1981), although this
method does not give mol fractions of end members,
at least not without further assumptions. These mol
fractions have thermodynamic value, but caution
must be exercised in using them where solution
properties are involved. The standard free energy of
species i is

G i :  G i *  R T l n a i

where Gi is the standard free energy of pure i at
P and T, and al is the activity of l. A popular model
(Temkin model) for ideal solid-solution assurl€$ 4i
io be the product of d where x is the mol fraction
of component of i in 2, and n is the total number
of atoms in e. Applied to complex solutions like
amphiboles, such a model commonly gives too large
a correction to the free energy' so that mixing on
one or more sites, for example lt, may be arbitrarily
ignored. The assumptiorl 41 : 4, where xi- is the
mol fraction as calculated in this paper' would glve
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the minimum correction by assuming mixing of units
consisting of end-member formulae. The correct

value for an ideal solution must lie between these
extremes.

TABIJE 3. EXAUPLE OI'PRIIrIOUT I'ROM PROCREM CLASAI,IPH

hornblende (Hawthorne (1983) Appendix Cl anal-ysis 42)
Oxide C€ll

s io2  48 .400
Blo2 0.330
41203  11 .540
F€2O3 1.440
FeO 3.590
MnO 0.070
MgO 18.030
cao  10 .700
Na20 2.520
r20  0 .600
H20 2.630

s t  6 . 7 4 L
T t  0 .035
A1  1 .894
I ' e3  0 .151
Fez  0 .418
!{n 0.  008
l , lg 3.743
ca  1 .597
Na  0 .580
K  0 . 1 0 7
lr  2.443

Tota l  99 .850 lons  L5 .374
(O+OH+f+Cl) 24.000 Nornalfsed 0.000

Classiflcation of hornblende (Harthone (1983) ApFndlx Cl analysls 42)
T  s t t € :  6 . 7 4 1  S i  1 . 2 5 9  A l
C s i t€ :  0 .635 AL 0 .L51 r 'e3  0 .035 T t  4 .120 FM O.OIO vacant
B s f t€ :  0 .000 F ! , t  1 .597 Ca 0 .403 Na
A  s L t € 3  0 . 2 7 7  N a  0 . 1 0 ?  K  0 . 0 0 0  L t

A s i t€ !  I 'u l l  0 .384
B B i t€ :  Ca2 0 .597
T  s l t e 3  S i 7  0 . 7 4 L

0.380 bar ro ls l te

0.236 tschemaklte

0 .36L eden l te
0 .023 ta rami t€

Empty  0 .616
CaNa 0 .403
s t 6  0 . 2 5 9

0.276 magrreslo-aLunino 0.031 felro-alumtno
0.066 mgnesLo-f 6!11 0 . 007 f eno-f€rri
0.171 mgn€sio-alumLno 0.019 felro-alunl.no
0.041 nagn€sio-ferrl 0.005 f€ro-f€rri
0 .324 nagnes lo  0 .036 f€ r ro
0.017 nagnesio-al-umLno 0.002 f€rro-alumino
0.004 nagnesio-f€rrl 0.000 feEo-terrl

Fe lFM = 0 .100 MglFT. {  =  0 .898 Mn/ rM =  O.OOO
A l / M 3  =  0 . 8 0 8  r ' e 3 / M 3  =  0 . 1 9 2  C r l M 3  =  0 . 0 0 0
K / A  -  0 . 2 7 8  L l  =  0 . 0 0 0
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MOL FRACTIONS OF AMPHIBOLE END.MEMBERS

TABLE 4. CALCUI,ATION OF REPRESENTATIVE AI{PEIBOLES INTO END MEIIBERS

S i o ,  r t . 8  5 8 . 4 0  4 4 . 8 9  5 0 . 4 5  3 7 . 5 5  5 9 . 0 5  4 1 . 3 6  4 7 . 8 6  4 7 . 5 6  3 9 . 9 0
T l O ,  0 . 0 3  0 . 6 7  0 . 1 4  0 . 8 9  0 . 2 0  1 . 9 5  0 . 6 4  0 . 6 4  4 . 6 5
A 1 2 O 3  0 . 5 7  L 7 . 9 L  1 . 9 6  9 . 9 0  1 2 . 3 8  t 2 . 4 9  1 . 6 9  1 . 6 9  1 4 . 3 5
F € 2 O !  0 . 5 8  0 . 6 7  L 7 . 5 2  1 1 . 8 9  2 . 3 6  4 . 2 5  1 7 . 9 5  -  9 . 5 0
F e O  7 . 8 5  1 3 . 3 1  1 7 . 9 0  2 L . 4 0  1 0 . 8 4  t 2 . 3 6  1 9 . 9 1  3 6 . 0 6  0 . 0 4
M n O  0 . 2 7  0 . 3 7  r . 4 0  L . 2 5  0 . 2 5  0 . 1 1  0 . 7 L  0 . 7 L  0 . 0 8
M g O  2 9 . 2 5  1 8 . 0 9  0 . 0 5  1 . 3 1  8 . 8 2  1 1 . 4 5  0 . 1 3  0 . 1 3  L 4 . 5 2
c a o  0 . 1 4  0 . 4 0  0 . 0 8  7 , 2 8  0 . 2 L  1 0 . 8 5  L . 6 4  1 . 6 4  L 2 , L 4
N a 2 O  0 . 0 8  1 . 4 5  6  . 8 0  4  . 0 9  0 .  1 l  I  . 6 8  6  , 2 5  6  . 2 5  1 . 9 0
K , O  0 , 0 2  0 . 0 5  1 . 4 8  2 , L L  0 . 0 5  1 . 5 0  0 . 6 1  0 . 6 1  2 . 3 L
l , l ro  3 .25
H , O  2 . 8 0  2 . O 2  0 . 8 7  1 . 8 4  2 . L 6  L . 8 7  L . 6 7  -  0 . 5 0
F  -  -  2 . 5 8  0 . 0 1  0 . 1 8  0 . 0 5  1 . 1 6  -  O . L 2
T o r a l  9 9 . 9 9  9 9 . 8 3  1 0 1 . 2 3  9 9 . 9 2  9 9 . 8 7  9 9 . 9 2  L 0 0 . 2 2  9 5 . 5 9  1 0 0 . 1 1

Slte occupancl€a
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slt
Alt
A1"

F"tto

tw"
.F\

ca"
Na"
Nat
q

End-tsgDb€rs
tr@ollts
wlnchlte
llgb€ckltel 0.524
hornblende
b a r o L g L t e  0 . 0 2 0  0 . 0 3 0
tachEruklee

0 . 0 8 2
0 . 3 9 4

7  . 853  6 .329  8 .000  6 .109  7  . 497  6 .  186  7  . 599  7  . 654  5 .851
0 . 0 9 0  1 . 6 7 1  1 . 8 9 1  0 . 1 0 3  1 . 8 1 4  0 . 3 1 6  0 . 3 r . 9  2 . L 4 9

1 . 3 0 s  0 . 3 6 7  0 . 0 0 ?  1 . 8 4 8  0 . 3 8 7  0 . 3 3 1
0 . 0 0 3  0 . 0 7 1  0 . 0 1 7  0 . 1 0 9  0 . 0 2 0  0 . 2 L 9  0 . 0 7 6  0 . 0 7 7  0 . 5 1 3
0 . 0 0 2  0 . 0 7 1  2 . o 9 4  1 . 4 s 6  0 . 2 3 7  0 . 4 7 8  2 . 0 6 0  1 . 5 7 5  1 . 0 5 9
4  . 8 1 8  3 . 5 5 3  2  . 5 0 9  3 . 4 0 2  2 . 8 0 5  3 . 9 1 5  2 . 7 7 0  3 . 3 4 0  3  .  0 9 7
1 . 9 s 9  1 . 8 6 3  0  . 0 6 8  0 .  1 9 4  0 .  1 9 7  0 . 0 9 3
0 . 0 2 0  0 . 0 6 0  0 . 0 1 4  L . 2 6 9  0 . 0 3 0  L . 7 3 9  0 . 2 7 9  0 . 2 8 1  1 . 9 0 7
0 . 0 2 1  0 . 0 7 6  1 . 9 1 8  0 . 7 3 1  1 . 7 4 8 "  0 . 0 6 4  L , 7 2 \  1 . 7 1 9

0 . 3 2 0  0 . 1 7 6  0 . 5 5 9  0 . 4 2 3  0 . 2 0 3  0 . 2 1 9  0 . 5 4 0
0 . 0 0 3  0 . 0 0 9  0 . 3 0 0  0 . 4 3 8  0 . 0 0 9  0 . 2 8 6  0 . r 2 4  0 . 1 2 8  0 . 4 3 2

- not detemLned. *I'M = Fe'?*+l1n+!.1g . " = Li

rlchterlt€ ^
a!f,vedaonl,tE'
eden.l-t6
katophorlgs
nybolte .  0.00S
pargaEtte-
kagrsu!1te
tarul te 0. 030
anthophyl l t te 0.914
g e d r l e e  0 . 0 5 2  0 . 6 4 1
sodLu anth. 0.003 0.29L
aodlu gedrtto
holtsqutstLte

0 . 0 1 5

0 . 0 1 4
0 . 0 0 3

0 . 0 0 1

0 .  r 0 9

0 . 0 4 8  0 . L 9 2
0 . 1 0 9  0 . 2 L 9
0 . 7 3 1  0 . 0 6 4

0 ' 0 5 3
0 . 0 4 5  0  .  0 3 1

0 . 0 2 0
0 . 0 4 8

0  . 8 6 6

0 . 4 9 7  0 . 5 1 5

0 . 1 7 5  0 . L 4 2
0 . 2 6 0  0 . 0 2 6

0 . 1 0 3  0 . 1 3 9

0 .  1 6 6

o . 2 2 4  0 . 2 0 4
0.266

0 . 0 0 2

0 .  0 4 5
0 .  t 4 9 r

I 
lncludee glaucophanei : lncludeg €cko@nnltei 

3 lncludea haatingalie.
* Hlr trFtheetcal A,B.C.8I.AI,O-(OH), ond-nenber,  aee text for d. tscusslon.
c o l | @  1 :  A n t h o b h y i l r i e , -  D e e r  6 e  a l .  ( 1 9 6 6 ,  T a b t e  1 5 ,  a n a t .  1 ) ,  r e d u c e d  t o  2 4 . 0 0
(O+OUtf+Cl).  C-al te @cupanqy Lncludes 0.177 vacant.  2!  G€dt l te,  DEEr et al .
(1966, Table 15, anal.  2),  rEducad Lo 24.00 (OiOIl+F+Cl).  3!  Fluor-r l -ob€ckite,
l lasthorn€ (1983, AptEndtx 81, anal.  58),  reduced eo 24.00 (O+OIi+F+CI).
4: Poeaaalan felrL-tar&Lte, ltarehone (1993, AptrFndtx 81, aDal. 51), reduced to
24.00 (O+Otl+F{Cl).  C-stt€ occutEnsy lncludes 0.026 vacant.  5!  t tolnquist t te,
l lawthonq (1983, Aplpndtx Cl,  aml.  31),  reduced to 24.00 (O+OH+F+CI),  C-61te
ccupancy r.ncludeg 0.090 vacant. 6: PotaaBLan tscho@klts, Haf,chorns (1983,
Aplpndta 81, aml. 60), reduced to 24.00 (O+O[+f+Cf). 7. AlfvedaonLte, HaFtholne
(1983, Aplpndlx B1, anal,  54),  reducgd to 24.00 (O+OHrFtl) .  8,  Al fvedaonl. ta,
s@e Ln 7, bug all Lron guoled a€ E.eo, and tl,O and F data r@oved !o sltsulate the
lesults of, an elgctron-ntcloprob€ anall€lB. 

-Rsduced 
to 45+T1 calLonic cha!984.

9! PotassLan oxy-kaersutLte, tiawlhone (1983, AplFndtx 81, anal. 55), reduced to
23.86 (O+Ol+rrCl)  (s@ text) .
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APPENDIX: CLASAMPH: a BASIC program to compute nol fractions
of amphibole end-members

The following program starts with an amphibole analysis, entered from file,
keyboard or a set of site occupancies, and produces an assignrnent to end-members.
A conplled version wLt,h source code (ln TurboBasic) Is available from the authour
for $3.00 to cover the cost of computer disks. Fl1e analyses for use lr i th CLASAI|PH
require the structure; analysis title, number of data, name of datum, datum, for
exanple the analysis ln Table 3 in a file would have the form:
"hornblende (Hawthorne (L983) Appendlx Cl analysls 42)n,12
S 1 O 2 ,  4 8  .  4 , T I O 2 , 0 .  3 3  r A 1 2 O 3 ,  L 1 .  5 4 ,  F e 2 O 3 ,  1 .  4 4 ,  F e O ,  3 .  5 9 , M n O ,  O .  0 Z
M g O ,  1 8 .  0 3  r C a O ,  1 0 .  7  r N a 2 O ,  2  .  5 2  r K 2 O ,  0 .  6 , H 2 O , 2 .  6 3 ,  F ,  0 .  0 O
Non-chemicaL data nay be present, but will be ignored.

1  d im ox lde  (  18  )  rce lL  (  18  ) ,mo lwt  (  18  ) ,  charge (  18  ) ,  nanoxg (  18  ) ,  tong (  18  )
2  d i m  L n o x ( 1 8 ) , t n a n g ( 1 8 ) , a r n p h g ( 2 3 ) , a t n ( 2 0 ) , x n g ( 2 0 , 4 ) : d a t a  S t O 2 , S i , 6 0 . 0 8 4 , 4
3  d a t a  I L O 2 r T L r 7 9 . 8 9 9 r 4 , Z x O 2 , z x , L 2 3 . 2 L g r 4 r A L 2 O 3 r A 1 r 5 0 . 9 8 1 r 3 r F e 2 O 3 r F e 3 r 7 9 . 8 4 6 , 3
4  d a t a  C t 2 O 3 r C r , 7 5 . 9 9 5 , 3 , F e O , 8 e 2 , 7 L . 8 4 6 , 2 , V . ; r O , M n , 7 0 . 9 3 7 r 2 r N i O r N i , 7 4 . 7 L , 2
5  d a t a  M g O r M g r 4 0 . 3 O 4 1 2 , Z n O , Z n , 7 ! . O O I t 2 , L L 2 O , L L , 1 4 . 9 4 I  , 1 , C a O , C a r 5 6 . 0 7 9 1 2
6  d a t a  N a 2 O , N a , 3 0 . 9 8 9 , L r K 2 O , K , 4 7 . 0 9 8 , ! , H 2 O , H . g . 0 1 , L , C l , C l  , 3 5 . 4 5 , 0 r F r F , 1 9 . , 0
7  c1s  !  fo r  i=1  to  18  : read namoxg (  i ) ,  iong  ( t  ) ,nohr t (  i  ) , charge( i )  :nex t  I
8 data A0B4Sl8,winchiterA0B2SLS,hornblende,barroisite,tschermakite,r ichteri te
9 data ALB2SL8,edenLte,kataphorite,nyboite,A1B4SI6,taramite,anthophyl1ite
L0 data gedriterNa-anthophyl l i terNa-gedriterholnquistLterkaersutl te,AlB4Si5
LL fo r  i=1  to  20 : read a tnph$( i ) :x rng( i r4 )=" fe r ro - fe r r i " :xmg(1r21="9 . " "o -a lumlno"
L2 xm$ ( i r 1 ) ="magnesLo-alumino" : xn$ ( l r 3 ) ="magnesio-ferri,, : next I
13 xm$ ( L r 1 ;  ="1"".o11ter '  :  :gn$ ( 8, 3 ) ="arfvedsonite" :  xmg ( 7 r 2 ) =r '  f  ero"
14 :ctt$ ( 9 r 1 ) ="magnesLot' ! xm$ ( 9 r 2 ) =" felro" : xng ( 8 r 4 ) ="Mg arfvedsonite"
L 5  f o r  i = 1 4  t o  1 8 : x n g ( i , 1 ) = " m a g n e s i o ' , : x m g ( i , 2 ) = " f e r r o " : n e x t  i
L6 xn$ ( 3 r 2 ) ="Fe glaucophane" ::sn$ ( 3 r 3 ) ="Mg riebeckitet' : xm$ ( 3 r 4 ) ="riebeck.lte"
L7 xn$ ( 12, L ) -"pargasite" !  xm$ ( L2,2 ) =' ,Fe pargasite, '  :  xm$ ( 12,3 1 ="gg hastingsite"
L8 xn$ ( 12 r 4 1 ="Lu"t, ingsite" :  xm$ ( 1, 2 ) =" ferro-actinol i te" :  xn$ ( 7, 1 ) ="magnesio"
19  rm$(8 ,1)="eckermann i te" : :cng(8 ,2)="Fe eckennann i te r r :xng(3 ,1)="g laucophane, '
20 print,"CLASAMPH computes mol fractLons of arnphibole end members from one of"
21 prJ.nt"complete analysis, electron probe data, or si te occupancies." lprint
22 input"Return to DOS (q) or enter sl te occupancies (s) or contlnue (c)? ",ag
23 i f  a$="q, '  or ag='p" then goto 264
24 s t=0 ! i f  a$= ' tg t t  o r  ag=t 'S t r  t ,hen s t= l :go to  293i Data lnput and validation
25 print: input"Data from f i le (f)  ot keyboard (k) ",a9
26 f9=" " : I f  a$<>" f "  and a$<>"F"  and a$<>"k"  and a$<>"K"  then go to  25
27 i f  a$="p"  o r  a9= '9"  then go t ,o  265
28 cls: input "Enter mineraL ldent, i f ier ",minernameg
29 print:prLnt "Input anal.ysis":atot=0
3 0  f o r  l = 1  t o  1 8 : p r i n t  u s i n g  " \  \ , ' i n a m o x g ( i ) r : i n p u t r o x t d e ( t )
31 atot=atot+oxtde(i) :next i
32 i f  atot<90 then print"Data defectLve or incomplete', ,got-o 22
33 cls:prlnt mLnernameg:print: for i=l to 18
3 4  i f  o x i d e ( t ) > . 0 0 1  t h e n  p r i n t  u s i n g "  \  \  # # . # # # " i n a n o x g ( i ) r o x i d e ( i )
35  nex t  i :p rLn t :p r ln t  us ing"  To taL  #** .#* , ' ia t -o t :p r ln t
36  input "OK to  p rocess? (y /n )  " ra$ : i f  a$=" r '  o r  ag="Nt t  and f$<>""  then go to  260
37 l f  a$='t11" or ag="tt ' t  then CLSagoLo 22
38 char=O:btot=0:input"Nornal ise total to f ixed value? (y/n) ' ,rag
3 9  q = 1 . e - 6 : m = L 8 : i f  a g < > " y "  t h e n  g o t o  4 2
40 lnput,"Enter value for normalisation ",btot:rat=btot/atot
4 L  f o r  l = L  t o  m : o x i d e ( l ) = o x i d e ( i ) * r a t : n e x t  i
4 2  f o r  1 = L  t o  m : c e l l ( 1 ) = 0 : c e I 1 ( i ) = s ) < i d e ( 1 ) / m o l ! , r t ( i ) : c h a r = c h a r + c e l l ( i ) * c h a r g e ( 1 )
43 next i :  zb=0: l f  oxide ( 1.6 ) >. l"  t .hen zb=L' Reduction to standard cell
4 4  b a s l s = 4 6 + (  1 - z b )  * c e l l ( 2  ) + 2 * z b
4 5  f o r  i = 1 .  t o  m : c e l l ( i ) = c e f l ( i ) * b a s i s / c h a r : n e x t  i'  Calculat ion of Fe3/Fe2 l f  requlred
46 number2=0: fe2=0: fe3=0: rev t ,o t=O:prn=m:v f=O: i f  ce1 l (5 )>1.e-6  then go to  58
4 7  n u m = c e l L ( L 3 ) + c e l 1 ( L 4 ) + c e l 1 ( 1 5 ) : n u m b e ! 2 = L 3 : i f  n u m < L . 3 4  t h e n  n u m b e r 2 = L 5
4 8  f o r  i = l  t o  1 2 : v f = v f + c e l l ( 1 ) : n e x t  i : l f  n u m < L . 3 4  t h e n  v f = v f + c e l l ( 1 3 )
49 i f  number2/vf>I then goto 56
50 I f  number i /v t>L /1  1+cet l (Z) , /bas is )  rhen go to  53
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5 L  f o r  i = l  t o  p m : c e t l ( i ) = c e l l ( i ) / ( 1 + c e 1 1 ( Z ) / b a s t s )  I n e x t  i
5 2  c e 1 1 ( 5 ) = c e l I ( 7 )  : c e l 1 ( 7 ) = 0 : g o t o  5 6
5 3  f o r  t = l  t o  p m : c e l l ( i ) = c e l ] ( i ) * n u m b e r 2 / v f : n e x t  i
5 4  c e l l ( 5 ) = c e l f  ( 5 ) + (  1 - n u m b e r 2 / v f  1  * 5 u " 1 "
55 ce11(  7 )=ce11(7)  - (  L -number2 /v f  )  *5 . r1"
5 6  f e 2 = o x l d e ( 7 ) * c e l l ( 7 ) / ( c e t l ( 7 ) + c e l t ( 5 ) ) : f e 3 = ( o x i d e ( 7 1 - f e 2 ) * 7 9 . 8 4 6 / 7 L . 8 4 6
57 rev t 'o t=a toL+fe2+fe3-ox ide(7) :1 f  b to t>O then rev t ,o t=b to t+ fe2+fe3-ox tde(7)
5 8  n 3 = 0 : f o r  i = l  t o  1 5 : n 3 = n 3 + c e 1 1 ( i ) : n e x t  i
'  Asslgnment of standard ceIl  to sites
5 9  a n e r r = 0 : s i z = c e l l ( J . ) : i f  s l z > 8  t h e n  s i z = 8
6 0  a l z = 8 - s i z z l f  a l z > c e l l ( 4 )  t h e n  a l z = c e l l ( 4 )
61  fez=8-s lz -aLz : . l f  fez>ce l1 (5)  t ,hen fez=ce l l (5 )
62  t i z=8-s iz -aLz- fez :  1 f  t i z>ce l l  (  2  )  +ce l l  (  3  )  then t l z=ce l1  (  2  )  +ce l l  (  3  )
63  de fz=8-sLz-a Iz - fez- t i z : i f  s iz<5.50  then aner r=-L
6 4  c a = c e l 1 ( 1 3 )  : n a = c e l l (  1 . 4 )  : k = c e l l (  1 5 )
6 5  s i y = 9 s 1 1 (  1 ) - s i z : a 1 y = q s 1 1 ( 4 )  - a l z : f e y = g s 1 1 1 t ) + c e l l (  6 ) - f e z
66 t iy=s611 ( 2 ) +cel l  (  3 ) - t iz :  fm=0 : for 1=7 Lo 1-2 :fn=fm+cel1 ( i  )  :next, i
67 fny=5-s1y-aly-fey-t iy: i f  fmy>fm then fmy=f*
6 8 defy=5 -s iy-aly- f ey-t ly- fmy : fmx=fm- f my : cax=ca
69 nax=2-fmx-cax:l f  nax<0 then nax=0
70 i f  nax>na then nax=na
7 L naa=na-nax: a=naa+k: m3=fey+aly+q
7 2 cs=2- fmx-cax-nax : lf cs>0 then fmx=fmx+cs : fmy=fmy-cs : defy=dsfy+sg
73 xb=O:if  fmx+cax-2>0 then xb=fmx+cax-2:anerr=l-
74  xa=0: i f  naa+k-1>0 then xa=naa+k-1 :aner r=2
75 l l x=ce l1 (12) : i f  l l - x> fmx then l i x= fmx
76 fmx=fmx-l lx:fn2=frnx/2:cana=fmx+cax:Lf nax+lix<cana Lhen cana=nax+lix
77  ca2=( fmx+cax-cana) /2 :na2=(nax+ l ix -cana) /2zcb=2*na2+3*cana+4*ca2: fm=fm-1 ix
7 8  g = 1 . . - 6  : s 1 8 = 0  : s l 7 = 0  : s i 6 = 0  : s i 5 = 0  :  i f  s i z > 7  t h e n  s i 8 = s l z - 7  : s i 7 = 1 - s l 8
79 L f  sLz<7 and s iz>6 then s i7=s iz -6 :s i6= l - -s i7
8 0  1 f  s l z < 6  t h e n  s l 6 = s i z - 5 : s i 5 = 1 - s i 6
81. stot=a+sLz+cb-L2:i f  stot>q t,hen anerr=3
82 i f  stot<-2 then anerr=-2
83 i f  aner<>o then goto 134
' Classif lcat lon of amphibole
8 4  f o r  i = l  t o  2 0 : a n ( t ) = 0 : n e x t  i : i f  s i 8 = 0  t h e n  g o t o  1 0 2
85 l f  na2>0 then goto 94
I tremoli te-wl-nchite-r ichteri te-edenit,e-hornblende-barrols i te-katophorite
86 l f  ca2-a+s i8>1.  then go to  88
' edenite-r ichteri te-barrois i te-katophorite
87 am(  9  )  =ca2 :  am(  5  )  = l -a  :am(  7  )  =s ie  :  am(  10  )  = l -6m(  9  )  -am(  5  )  -am(  7  )  :  go to  114
88 i f  cana+a+sl-8>L then goto 90
' barroisi t ,e-edenit.e-hornblende-tremoli t ,e
89 atnl 5 ;  =gqna : am( 9 ) =a : am( 1 ) =s18 : am( 4 ) =l-66( 5 ) -am( 9 ) -am( L ) :  goto 114
90 l f  ca2+a+s i7>L then go to  92
' tremol i t ,e-barrois i te-r ichteri te-winchite
9 1- am( 1 ) =ca2 : an( 5 ) =5l l  :  arn( 7 ) =a ! am( 2 ) =1-am( 1 ) -am( 5 ) -am( 7 ) :  goto 1 L4
' tremolLte-r ichteri te-barrois i te-edenite
92 an(  L  )  =  (  ca2-a+s t8  ) , /2  :  am(  7  )  =  (  a+s i8 -c  a2  )  /  2  :  am(5  )  =  (2 -  a -ca2-  s  l8  )  /  2
9 3  a m ( 9 ) = ( a + c a 2 - s i 8 )  / 2 : . g o t o  I L A
' wlnchite-r iebeckite-arfvedsonite-r ichteri te-katophorite-barroisite-nyboite
94 i f  ca2+1-a+s l -7>1 then go to  96
' r ichteri te-r l-ebecklte-nybolte-arf vedsonite
9 5  a n ( 7 ) = s 6 n a : a m ( 3 ) = 1 - a : a m ( 1 . 1 ) = s l 7 : a m ( 8 ) = 1 - a m ( 7 ) - a m ( 3 ) - a m ( L 1 " ) : g o t . o  1 1 4
96 i f  na2+1-a+s i8> l -  lhen  go to  98
' nyboite-barrois l te-r lchteri te-katophorite
9 7  a n ( 1 1 ) = n a 2 : a m ( 5 ) = l - s ; a m ( 7 ) = s i 8 : a m ( 1 0 ) = 1 - a m ( 1 1 ) - a m ( 5 ) - a r n ( 7 ) : g o t o  1 1 4
98 l f  na2+a+s i7>1 then go to  l -00
' r iebeckite-r icht,erl- te-barrois i te-winchite
99 am(  3  )  =162 :  am(  7  )  =6  ;  6m(  5  )  =5 i7  :  am(  2  )  =1-am(  ?  )  -am(  3  )  -am(  5  )  :  go to  l .L4
' r lchteri te-r iebeckite-barrols i te-nyboit,e
100 atn( 7 ) = 1 si8-na2+a ) /2 :  am( 3 ) = ( na2-a+si8 ), /2 :  am ( 5 ) = ( 2- a-na2-s 18) /  2
1-01  an(  LL)=(a+na2-s ig )  /2 :  go to  114
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l -02  i f  s i5>0 then go to  1"13
J.03 i f  na2>0 then got.o L12
' hornblende-barrolsite-katophorite-edenite-pargasite-taraml-te-tschermakite
104 tf  cana+a+si6>L then goto L06
' barrois lte-tschermaklte-edenlte-hornblende
105 an( 5 ) =qana : am( 6 ) =si6 :  am( 9 ) =a : am( 4 ) =L-am( 5 ) -an( 6 ) -am( 9 ) :  goto 1 J.4
106 i f  cana+l--a+si7>1 then goto 108
' t,aramite-tschermakl.te-edenit,e-pargasite
1 0 7  a n ( 1 3 ) = c a n a ' a m ( 6 ) = 1 - a : a m ( 9 ) = s i Z : a m ( L 2 ) = 1 - a m ( 1 3 ) - a n ( 6 ) - a n ( 9 ) : g o t o  L L 4
108 t f  ca2+L-a+s16>L then go to  LL0
' edenite-barroisite-taranite-katophorite
J-09 an( 9 ) =ca2 : arn( 5 ) =1-a : an( L3 ) =sl$ :  arn( 10 ) =l-sm( 9 ) -arn( 5 ) -am( 13 ) :  goto 1 J.4
' edenite-barrois lte-tschermakit,e-taramiLe
J .  J -0  am(  9  )  =  (  ca2+a-s i6  ) , /2  :  am(  5  )  =  (  2 -a-s i6  -c  a2)  /  2  2  am(  6)  =  (ca2+s 16-  a )  /  2
1 J . J .  a m (  1 3 ) = ( a + s i 6 - c a 2 )  / 2 : g o t o  1 1 4
' nyboit,e-barroisite-taramite-katophorite
L 1 2  a m ( 1 1 ) = n a 2 : a n ( 5 ) = 1 - a . a m ( 1 3 ) = 5 i 6 : a m ( 1 0 ) = l - s t n ( 1 1 ) - a m ( 5 ) - a n ( 1 3 ) : g o t o  1 1 4
' t ,aramite-tschermakite-pargas iLe-A184S15
1 J .3  am(  13  )  =cana.  am(  6  )  =1 . -a  :  an(  20  )  =s t5 .  a rn(  12  1  =1-u* ,  13  )  -am(  6  )  -am(  20  )
1 1 4  a l = a n ( 1 ) + a m ( 4 ) + a m ( 6 ) + a m ( 9 ) + a n ( 1 2 ) : r a t , = f n 2 . / ( a 1 + q ) : i f  r a t > 1  t h e n  r a t = 1
' Conversion of Ca2 amphlbole to Fe Mg anphibole
1 " 1 5  a m ( J . 4 ) = 3 6 X * ( a m ( 1 ) + a m ( 4 ) / 2 ) z a m ( J . 5 ) = 3 6 1 * ( a n ( 6 ) + a m ( 4 ) / 2 ) : a m ( 1 6 ) = r g g * 6 n 1 9 ;
L L6 am( J.7 ) =131*661 J.2 ) :  r t=1-rat: an( 1 ) =an( 1 ) *rt :  am( 4 ) =an( 4 ) *rt :  am( 6 ) =am( 6 ) *rt
L L7 am( 9 ) =an( 9 ) rtr t  :  am( 12 ) =an( L2) * aa 2 ga2=ca2*rt :  rs=fm2-rat*aL
1 1 8  a 1 = a n ( 1 3 ) : l f  a m ( 1 0 ) < a L  t h e n  a 1 = a m ( 1 0 )
1 1 9  a 2 = a m ( 1 3 ) - a 1 : i f  a m ( 5 ) < a 2  t h e n  a 2 = a m ( 5 )
1 2 0  a 3 = a n ( 7 )  : l f  a m ( J . 0 ) - a 1 < a 3  t h e n  a 3 = a m ( 1 0 ) - a L
l - 2 1  a 4 = a m ( 7 ) - a 3 : 1 f  a m ( 5 ) - a 2 < a 4  t h e n  a 4 = a m ( 5 ) - a 2
1 2 2  a 5 = a m ( 7 ) - a 3 - a 4 : i f  a m ( 2 ) < a 5  t h e n  a 5 = a n ( 2 )
1 2 3  a 6 = a m ( L 0 ) - a 1 - a 3 : a 7 = a m ( 5 )  - a 2 - a 4 : a 8 = a m ( 2 ) - a 5
124 t f=aL+a2+a3+a4+a5+a6 /  2+a7 /  2+aB /  2  z  z=rs  /  (L f  +q)  :  i f  z>1  then z=1
' Converslon of CaNa amphibole to Fe Mg amphibole

15 )  =am(  15  )  +z*  (  a2+a 4  /  2+a7 /  2 )  :  am(  16  )  =an (  16  \  +z*  (  a3+a6 /  2 ,
1 7 ) = a n ( L 7 ) + z t c a ] - : a n ( J . 4 ) = 6 6 ( 1 4 ) + z * ( a 5 + a 8 / 2 + a 4 / 2 r : a m ( 2 ) = a r n ( 2 ) - z * ( a s + a 8 )
3 ) = a m ( 3 ) + z * ( a 7 / 2 + a 8 / 2 ) : a m ( 8 ) = 6 6 ( g ) + z * ( a 3 + a 5 ) : a m ( 5 ) = a m ( 5 r - z * ( a 2 + a 4 + . a 7 )
J.1" ) =an( 1 L ) +z* ( a1+a2+a6 /2): cana=cana- z*2*tf  zna2=na2+z*tf
J"0 ) =an( 10 ) -z* ( a1+a3+a6 ) :  am( 13 ) =am( L3) -z* ( a1+a2 ) :  am( 7 ) =arn( 7 ) -z* ( a3+a4+a5 )
1 8 ; = 1 1 * 7 r : L f  L I x / 2 > a m ( 3 )  t h e n  a n ( 1 8 ) = a m ( 3 ) '  h o l m q u l s t i t e
3 ) = a n ( 3 ) - a n ( 1 8 )
1 9 1 = g 1 t ' t t  t i y > a m ( L 2 )  t h e n  a n ( 1 9 ) = a m ( J . 2 )  '  k a e r s u t i t e

133 am( 12 ) =am( L2 ) -atn( 19 )'  Print results to screen
L34 c1s :pr in t  m inername$:pr in t : f=1 : t f  s t= l -  then go t .o  L48
135 t f  num<1. .8  and num>l .L  Then pr in t t 'WARNING: l - .1 -<Na+Ca+K<l - .8 .Ana1ys ls  dub lous"
1.36 pxint " Oxide Cell"
1 3 7  f o r  J = l  t o  1 8 : i f  o x i d e ( J ) + c e 1 l ( J ) < . 0 0 1  t h e n  g o t o  1 3 9
1 3 8  p r i n t  u s i n g " \  \  # # . # # #  \  \  # # . # * * " ; n a m o x $ ( j ) , o x l d e ( J ) , t o n $ ( J ) , c e l l ( j )
L39 nex t  J :z to t=o : fo r  i=L  to  pm:z to t=z to t+cef f ( i ) ' r charge( i )  /2znexL L
L40 pr in t .  " " : i f  b to t=0  then pr in t  us ing  "Tota l  *## .### fons  ## .### " ia to t ,n3
L4L i f  b to t>O then pr in t  us ing  "TotaL  ###.##+ Ions  ## . *##  " ib to t ,n3
1-42 pr in t ' r (O+OH+F+CI)  " ; :p r j .n t  us lng"##.##+ Normal ised  ## .###" iz to t rnumber2
L43 tf  basLs<>48 and zb=1 then print "cALfTIoN: (o+OH+F+cl) adjustedt"
L44 Lf btot=O then goto 146
L45 pr ln t  us lng"Ana lys is  normal ised  to  * *# .##  us ing  fac to r  # .###" ib to t , ra t
146 l f  fe3=0 then go to  148
1.47  pr ln t  usJ .ng"Normal lsed  FeO=##.#*  Fe2O3=##.  ##  Tota l=+#* .##"  i fe2 ,  fe3r rev to t
L48 print!pl int"Site occupancl-es"
1 4 9  q = . 0 0 0 1 : p r i n t  u s l n g " T  s i t e :  # . # # #  s i  # . # # #  A 1 " i s j - z , a L z ,
150 i f  fez>q then pr in t  us lng"  # .### Fe3"1 fez ,
L5L i f  t l z>q  then pr in t .  us ing"  # .### T l  # . *##  VacanL" i tLz .
152 tf  defz>g t,hen prl-nt using" #.### VacanL"idefz,
153 pr ln t :p r ln t .  us ing"C s l . te :  # . * f f  A l  # .### Fe3 # . *##  T i " ia ly , fey , tLy ,
154 print using" *. ### f 'M" i  fmy,

L25 am
126 am
727 an
128 an
129 an
130 am
131 am
L32 am
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l -55  i f  s ly>=g then pr in t  us lng"  # .##*  S i  " i s ly ,
156 i f  de fy>-q  then pr ln t  us lng"  # .### vacant " lde fy ,
l -57  pr in t :p r j .n t  us ing"B s i te :  # .### FM # .### ca  # .### Na" l fmx,cax ,nax ,
1 5 8  i f  c e l l ( L 2 ) > q  t h e n  p r i n t  u s i n g "  # . # # #  L i " t c e l l ( 1 2 ) ,
L59 pr ln t :p r in t  us lng"A s i te :  # .### Na * .### K" inaa,k :p r in t
L60 i f  anerr<>o then goto 281
l-6L input"To print amphibole classif icat ion str ike any key.",A$
L62 c ls :p r in t "C lass i f l ca t ion  o f  " imLnername$:pr ln t :b$=r , l
L63 pr ln t  us lng"A s l te :  Fu l l  * .#*#  Empty  # .###" ia ,1 -a
L64 pr in t  us ing"B s l te : " ;b$ , : l f  fm2>q then pr in t  us ing"  FeMg * . *#* " i fm2,
L65 i f  ca2>g then pr in t  us ing"  Ca2 # . * *#" ica2 ,
166 t f  cana>q then pr in t  us ing"  CaNa # .##*"  i cana,
L67 L f  na2>g then pr in t  us ing"  Na2 * . *##" ina2,
1 - 6 8  p r i n t : p r i n t  u s l n g " T  s l t e : " i b $ , : l f  s i 8 > g  t h e n  p r i n t  u s i n g "  S t 8  # . # # # " ; s i 8 ,
1 6 9  l f  s i 7 > q  t h e n  p r i n t  u s l n g "  S i 7  * . # # # " i s L 7 ,
1 7 0  i f  s i 6 > q  t h e n  p r i n t  u s L n g "  S i 6  * . * # # " i s 1 6 ,
L T L  t f  s i 5 > q  t h e n  p r i n t  u s i n g "  S i 5  # . # # # " i s i 5 '
J . 7 2  p r i n t : p r l n t : z = 0 . 0 0 1 : f o r  l = 1  t o  2 3 : i f  a b s ( a m ( i ) ) < z  t h e n  g o t o  L 8 4
1 7 3  p r i n t  u s i n g " # . # # #  \  \  " ; a m ( i ) , a m p h $ ( i ) ,
t74 Lf 1>13 then goto 182
l-75 i f  i=l  or i=7 or i=9 then goto l-82
1 7 6  p r i n t  u s i n g " # . # # #  \  \  " ;  ( c e 1 1 ( 1 0 ) / f r n ) * ( a l y l n 3 ) * a n ( i ) , x m $ ( i , L )  '
1 7 7  p r i n t  u s i n g "  # . # # #  \  \  " ;  ( c e l l ( 7 ) / f n )  * ( a l y l m 3 ) * a m ( 1 ) , x m $ ( i , 2 )
t t g  . t ' = ( c e l 1  (  L 0 )  / f n )  * (  f e y l n 3 )  * a m ( 1 )
1 7 9  p r i n t  u s i n g "  # . # # #  \  \  " ; c t , x m $ ( 1 , 3 ) ,
1 8 0  p r i n t  u s i n g "  # . # # #  \  \  " t ( c e 1 1 ( 7 \ l f n l * 1 f e v / m 3 ) * a m ( i ) , x m $ ( 1 , 4 )
J"81 goto 184
1 8 2  p r i n t  u s t n g " # . * # *  \  \  " ;  ( c e l l ( 1 0 ) / f m ) * a m ( 1 ) , x n $ ( 1 , 1 ) ,
J . 8 3  p r i n t  u s l - n g " # . # # #  \  \  " i ( c e l l ( 7 ) / f . n ) * a m ( t ) , x m $ ( 1 , 2 )
l -84  nex t  i :p r ln t :mg=ce l1(  l -0 )  :mn=ce l l (8 )  / fm
185 pr in t  us l -ng"Fe/FM=* .#**  Mq l rM =#.### Mn/FM=#.###" ;ce l l (7 | / fn 'mg/ fm, rur
186 pr in t  us ing"A l /M3- -# .##*  Fe3. /M3=#.### c r . /M3=#.  ###"  iaLy /m3, fey lm3,ce1f  (6 ) / tn3
1 8 7  p r i n t  u s l n g " K / A  = # . # + #  L I  = * . # * * " ; k / ( k + n a - n a x + . 0 0 0 0 0 1 ) , c e l 1 ( L 2 )
'  Prlnt results to f i le
188 pr ln t : l -nput "Save th is  resu l t  to  f i le?  (y /n )  " ,a$
l -89  i f  a$<>"" "  then go to  255
l -90  i f  f2$<>""  then go to  L92
191 lnput "Spec l fy  pa th  and f i le  name fo r  resu l t  f l l e  " , f2$
192 open f2$ for append as #2:
193 pr in t  *2 , :p r in t  #2 , :p r in t  #2 ,  minername$:pr in t : i f  s t= l  then go to  21-0
L94 L f  num<L.8  and nun> l .1  then pr in t  #2 , "1 . l -<Na+Ca+K<l .8 .  Ana lys is  dubLous"
195 pr ln t  #2 , "  Ox ide  CeI1"
1 9 6  f o r  J = l  t o  1 8 : i f  o x l d e ( i ) + c e r l ( i ) < . 0 0 1  t h e n  g o t o  1 9 9
1 9 7  p r i n t ,  # 2 ,  u s i n g " \  \  # # . # # #  " ; n a m o x $ ( J )  r o x i d e ( J ) ,
1 9 8  p r i n t  # 2 ,  u s i n g " \  \  # . # # # " ; i o n g ( j ) , c e l l ( j )
l -99  nex t  J :y to t=o :z to t=0 : fo r  i= l -  lo  pm:y to t=y to t+ce11( i )
200 zLot=z to t+ce l l ( i )  *charge(1)  /2  :nex t  i :p r ln t  #2 ,
201 i f  ytot=o then ytot=n3
2O2 L f  b to t=0  then p l in t  *2 ,  us l -ng"Tota l  ###.### rons  *# . * * *  " ia to t ,n3
203 t f  b to t>O then pr ln t  #2 ,  us ing  "Tota l  * *# .#**  Ions  ## .#*#  " ib to t ,n3
204 pr in t  #2" (O+OH+F+CI) :p r in t  #2 ,  usJ-ng"  +* .#*#  Normal ised  *# .##*"  i z to t ,number2
205 i f  btot=O t.hen goto 207
206 pr tn t  #2 ,  us ing"Ana lys is  normal ised  to  #** .##  us ing  fac to r  * .###" ;b t ,o t ' ra t
2O7 tf  fe3=0 then goto 210
208 pr tn t  #2 ,  us ing"Normal ised  Feo=##.* *  Fe2o3=##.##"  i fe2 , fe3 '
209 pr in t  #2 ,  us1ng"  to ta l=###.*#" ; rev to t
210 pr ln t  #2 ,  :p r in t  *2 , "C lass l . f i ca t ion  o f  " im inername$:
2 1 1  q = . 0 0 0 L : P r i n t  # 2 ,  u s i n g " T  s i t e :  # . # # #  s i  # . # # #  A 1 " i s L z , a l z ,
2L2 l f  fez>q then pr in t  #2 ,  usJ .ng"  # . *##  Ee3" i fez ,
2L3 L f  t l z>q  then pr in t  #2 ,  us lng"  # .#**  T l " ; t i z ,
2L4 L f  de fz>q then pr in t  *2 ,  us lng"  # .### vacant " ide fz ,
2 J . 5  p r i n t  # 2 , : p r i n t  # 2 ,  u s i n g " C  s i t e :  # . # # *  A 1  * . # # #  F e 3  r ' i a l y , f e y '

2 1 6  p r i n t  # 2 ,  u s i n g " # . # # #  T t  # . # # #  F M " ; t i y , f m y ,

297
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2L7 I f  s iy>=n then pr in t  #2 ,  us lng"  # .### S i  ' , i s i y ,
218 i f  de fy>=q then pr ln t  #2 ,  us ing"  # .### Vacant " ide fy ,
2 L 9  p r l n t  # 2 , : p r i n t  # 2 ,  u s i n g " B  s t t e :  * . # # #  F M  * . * # *  C a  " ; f m x , c a x ,
2 2 0  p r i n t  # 2 ,  u s i n g , ' # . # # #  N a ' , ; n a x
2 2 L  p r i n t  * 2 ,  u s L n g " A  s l t e :  # . # # #  N a  # . * # #  K  # . # * *  L i " i n a a , k , l i x : p r l n t  # 2 ,
222 pr l r r t  #2 ,  us ing"A s l - te :  Fu l1  + .+**  Empty  # .###, ' ;a ,L -a
2 2 3  p l l n t ,  # 2 ,  u s i n g ' , B  s i L e : ' , ; b g ,
224 t f  fm2>q then pr in t  #2 ,  us ing"  FeMg # .###, , i fm2,
225 L f  ca2>g then pr in t  #2 ,  us ing"  Ca2 * .###, , i ca2 ,
226 i , f  cana>q then pr ln t  #21 us ing"  CaNa # .###" icana,
227 l f  na2>q then pr in t  #2 ,  us lng ' ,  Na2 # .### ' , ina2 ,
2 2 8  p r i n t  # 2 , : p r J . n t  # 2 ,  u s i n g " T  s l t e : " ; b g ,
2 2 9  7 f  s l 8 > g  t h e n  p r i n t  # 2 ,  u s i n g "  S i 8  # . # # # " ; s i g ,
230 t f  s l -7>q then pr in t  #2 ,  us ing"  S t?  # .### ' , i s t7 ,
2 3 1  i f  s i 6 > q  t h e n  p r i n t ,  # 2 ,  u s L n g "  S i 6  # . # # # " ; s i 6 ,
232 I f  s15>q then pr in t  #2 ,  us lng"  S i5  * . * * * , ' i s i5 ,
2 3 3  p r i n t  # 2 r : p r i n t  # 2 , : z = Q . 0 0 1 - : F o r  i = 1  t o  2 3 : i . f  a b s ( a m ( i ) ) < z  t h e n  g o t o  2 4 8
2 3 4  p r i n t  # 2 ,  u s i n g " # . # # #  \  \  " ; a m ( i ) , a m p h g ( t ) ,
235 tf  i>13 then goLo 246
236 Lf 1=1 or i=7 or i=9 then goto 246
,37 u7= lceLf ( 10 ) / fm) * (aly,/rn3) *arn( i  )
238 pr ln t ,  #2 ,  us ing"# .### \
,r9 u7= lcel l  (  7 ) / fm) * ( aly,/m3 ) *am( i  )
240 pr in t  #2 ,  us ing"# .### \
2 4 1  g = ( c e l 1 ( 1 0 ) / f m ) * ( f e y , / r n 3 ) * a n ( i )  : q g = x m g ( i , 3 )
242 pxLrl | .  #2, using"
,n3 u7= 1ceLl ( 7 ) / fm) * 1 rey/rn3 ) *an( i  )
244 pr in t  *2 ,  us ing"# .### \
245 goto 248
246 pr ln t  #2 ,  us ing"# .### \
247 prLr r t  #2 ,  us ing , '# .### \

\  " i a z , x m $ ( 1 , 1 ) ,

\  " 1 a z , x m $ ( i , 2 )

# . * # #  \ \  , ' i q r q g ,

\  " ; A z , x m $  (  t r  4  )

\  "  i  ( C e l 1 (  1 0  ) , / f m )  * 6 P 1 i )  , x n $  (  i , 1 )  ,
\  " ,  ( c e l f ( ? )  / f n )  * a m ( i )  , x m $ ( t ' 2 )

248 nex t  1 :p r in t  #21 :mg=ss11(L0)  : rnn=ce l1(8) / fm
249 pr ln t  *2 ,  us ing ' ,Fe . /FM = # .### MglFM = * .#*#  " i ce l l  (7  1 / fm,mg/ fm,
250 pr in t  #2 ,  us ing"Mn/FM = # .##* , , iWn/ fm
25L pr in t  #2 ,  us ing"AL/ t r t3  =  * .### Fe3, /M3 =  # .### , ' i l , l - y /m3, fey /m3,
252 pr in t  #2 ,  usLng"Cr / t t t3  =  # .###" ;Cef t (6 ) / rn3
2 5 3  p r i n t  # 2 ,  u s i n g " K / A  =  # . * # #  L i  =  * . # # # , ' ; K / ( k + n a - n a x + . 0 0 0 0 0 1 ) , C e l 1 ( 1 2 )
254 pr tn t  *2 r :p r in t  #2 , :p r in t ,  #2 , :cLose #2
' Further caLculatlon options
255 print: input"Process another analysJ.s? (y,/n) , ' ,ag
256 If  a$='!Nn or a$=ttnn then goto 264
257 Lf st=1. then goto 22
258 l f  f$=" "  then go to  25
259 pr ln t "Process  nex t  ana lys is  f rom " i f$ i "?  (y /n ) " , : inpu t , " ' ,ag
260 I f  a$="y"  o r  a$= ' ry ' t  then  go to  265
261 pr in t "Process  another  ana lys is  f rom " ; fg ; "?  (y , /n ) " r : inpu t , ,  " ,ag
262 Lf a$='rnn or a$='tNn then goto 25
263 prLn t "Now a t  ana lysLs  , , ;a ls t -1 r : inpu t ' ,p rocess  ana lys is  " ia ls t :go to  265
264 end
' Read analysis from file
265 fo r  i= l  to  LS lox tde( t )=O:nex t  i :on  eror  go to  277
266 I f  f$<>""  then go to  269
267 prlnt:als?=l: input ' ,Specify drLve, path and f i le name for dala " i fg
268 open f$  fo r  inpu t  as  #1 :a to t=O: fo r  k=L to  a tsS: i f  eo f (L )=-1  then go to  2?9
269 input  # l ,g l inernameg,m: fo r  i= l  to  m: l -nput  *1 , inang( l ) , lnox(1) :nex t  L
270 nex t  k : fo r  i=1  to  m: fo r  J= l  to  18
2 7 L  t f  n a m o x $ ( J ) = t n a m g ( i )  t h e n  o x i d e ( J ) = i n o x ( i ) , g o b o  2 7 4
272 ^exL J :p r ln t  inamg( t ) i , ' no t  in  da ta  bank .  I t  w i l l  be  Lgnored. ' , ,
273 Lnput" press any key"rag
2 7 4  ^ e x t  l : f o r  l = 1  t o  1 8 : i f  o x i d e ( i ) < 0  t h e n  o x i d e ( i ) = Q
275 a to t=a to t ,+ox ide( i ) :nex t  L : i f  a to t<50 then pr in t "No da ta" .go to  22
276 a lsS=a ls t+ l :c lose  #1 :go to  33
277 input,"Fi le eror; bad name or data. press any key. ",ag
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2 7 8  c l o s e  # 1 : f $ = " " : f 2 $ = " r t r e s u m e  2 2
279 lnput"End of f i te encountered. Press any key to continue."ra$
2 8 0  c l o s e  # 1 : f $ = n n t g o t . o  2 2
' Options for changlng basis to permlt cLassif icat ion
28L tf  anerr=-L t,hen print,"tunphibole must have Si ln cel l>s.5":goto 255
282 Lf anerr=-2 then print 'rsiz+A+Cb<10. Not ln amphlbole space":goto 255
283 q=1.e-6 : l f  aner r=1 .  then prLn t  , 'B  s l te  over f i l l ed"
284 If  anerr=2 then print , 'A site overf i l led"
285 i f  anerr=3 then print "SIz+A+Cb>12. Not in arnphibole space"
286 input"AdJust the basLs ln attempt to classlfy? (y/n) ",ag
287 If  a$="ni l  or a$=trNn then goto 255
288 fac= l : I f  ag="y t t  and aner r=L  then fac=15/ (15+xb+q)
289 Lf a$="y" and anerr=2 then fac=3/(3+xa+q)
290 Lf a$=ny" and anerr=2 and L,/(k+q)<fac then fac=J./(k+g)
291 i f  a$="y"  and aner r=3  then fac=12 l (12+sto t )
292 bas ls=bas is* fac  :  fo r  i=1  to  m:ce l1  (  i  )=ce f f  (  i )  * fac :nex t  I  :  go to  58
' Entry of si te occupancies
293 clsrprint"Site occupancy l-nput": inpu!"Enter analysis name "rminername$
294 input "Enter  S i  T  " ,s iz : i f  s iz>5.5  and s iz<8.05  then go to  296
295 Input "VaLue must  be  8 .05<StT<5.50 .  Press  any  key .  " ra$ :go to  22
296 input , "Ent ,e r  A l  T  " ,a ] -zz i f  s iz+a lz<8.05  then go to  298
297 input "S iT+Al f  must  be  <8 .05 .  Press  any  key .  " ,ag :goLo 22
298 fez=Q: t i z=0:L f  s iz+a lz>7.99  then go to  302
299 lnput "Enter  Fe3 E " r fez : lnput "Enter  T i  T  "1 tLz
300 l f  sLz+a lz+ fez+t iz>8.05  then input "T  s i te>8.05 .  Inva l id .  " ra$2goLo 22
30 l .  def z=8- s Lz- aLz- fez-ELz
302 s ly=s1s-8 : i f  s iy<O then s iy=Q
303 s iz=s iz -s ly : input "Enter  T i  c  " r tLy : input "Enter  Fe3 C " , fey
304 Lnput "Enter  A1 C " ra ly : input "Enter  Mg C " rmg 'y : input "Enter  Ee2 C " r f2y
305 lnput"Enter Mn C "rnny:input"Rest C lons "roy
3 0 6 f my=6gy+f 2y+mny+oy : de fy=5 -s 1t-tiy- f ey- a1y- f my-oy : m3= f ey+aly
307 i f  de fy<-0 .001 then input "C s i te  over f l l l ed .  Press  a  key" ,a$ :go to  22
308 inputrrEnter Mg B "rmgb:l-nput"Enter Fe B "rfeb
309 input"Enter Mn B "rmnb:input 'rEnter Ca B "rcax:fmx=mgb+feb+mnb+ob
3L0 input "En ler  Na B " rnax :Lnput "Enter  L i  B  " r1 ix : fm=fmx+fny
311 input"Rest B ions ",ob:totb=mgb+feb+mnb+cax+nax+1ix+ob
3L2 L f  to tb<2.01  and to tb>1.99  then go to  314
313 input " Inva l id  ana lys is .  B>2.0L  or  <1 .99 .  Press  a  keyr ' ,a$rgoEo 22
314 input "En ler  Na A " rnaa: inpu! "Enter  K  A " rk :a=naa+k
315 l f  a> l -  then input "A s i te  over f i l l ed .  Inva l ld .  Press  a  key" ,a$ :go to  22
316 l to t=  * (s iz+ t iz+ t ly )+3* (a Iz+a ly+ fez+fey)+2* ( fmx+fmy+cax+oy)+nax+ l ix+k
3L7 t f  l to t ,<47 and l to t>45.5  then go to  319
3L8 l-nput"Inval id sum of catl-on charges <45.5 or >48. Press a keyr'ra$zgot-o 22
3 19 cb=2 * ( cax+fnx ) +l ix+nax : fmx= fmx+lix. n6=n6;fnaa : cel 1 ( 12 ; =1 1*
320 ce l l  (  10)=ng"y+ngb:ce t t lZ ;=12y+feb :ce l I (8 )=mny+mnb:goto  76
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