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UNIT-CELL DIMENSIONS OF SOME ALUMINOUS
NATURAL CLINOPYROXENES

JouN F. Lowrs, Department of Geotogy and. Mineralogy,
Uniuersity M useum, Orf ord, England.r

ABsrRAcr

and o sinB. The amount of A1 in four-fold coordination can be correlated very weli with an
increase in the c-dimension.

fNtnooucttoN

The relationship between chemical composition and unit-cell param-
eters of the natural clinopyroxenes within the field diopside-clinoerrstatite-
ferrosil i te-hedenbergite have been investigated by Kuno and Hess (1953),
Kuno (1955) and Brown (1960). Kuno and Hess drew a tentative dia-
gram showing variations in cell dimensions for the whole of the clino-
pyroxene fi.eld based on six specimens from igenous and metamorphic
rocks. with data determined for eleven clinopyroxenes from the Skaer-
gaard intrusion, Brown (1960) examined in detail the variation of the
unit-cell parameters, b and a sin B, in relation to ion-substitution for the
twenty-three c,ommon clinopyroxenes for which data were then available,
and drew a determinative diagram for the common clinopyroxenes with
relatively small'amounts of minor constituents.

Salitic clinopyroxenes analysed during the course of investigating the
mineralogy of some ejected plutonic brocks from the Soufridri volcano,
St. vincent, west rndies, were found to contain between 4.7g and 5.9g

of the clinopyroxenes analysed by him from the Gough rsland alkarine
r Present address: Department of Geology, University of the West Indies, Mona,

Kingston 7, Jamaica.
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volcanics. These clinopyroxene analyses are included in Table 1, and
have previously been published b1'Le Maitre (1962, 1965). Two speci-
mens, G50 and G15, are similar in composition to the St. Vincent salites
except for their higher Ti content.

The St. Vincent clinopyroxenes are verlr fresh, with very weak zoning,
whereas the Gough Island clinopyroxenes are slightly zoned. Exsolution
lamellae are absent from the clinopyroxenes examined optically, and
only the one pyroxene phase has been found from the X-ray diffractom-
eter studies.

This study forms part of a detailed mineralogical and petrological study
of the ejected plutonic blocks collected by the late Professor L. R. Wager
in 1959 from the Soufridre, St. Vincent. The blocks are regarded as
igneous cr1'stal cumulates (Wager, 1962). Further papers dealing with
aspects of the mineralogl,- of other mineral phases, and the petrology of
the plutonic blocks, wil l be published separately.

X-Rav Mrrrrons

The determinations of the unit-cell dimensions a, b, c and B were
made on the mineral powders using a Phillips X-ra-v diffractometer.
CuKa radiation at 35 kV and 15 mA was used. Reconnaissance scans
were run at l" 20 / rnin ; accurate measuremen ts at f," 20 / rrrin. The divergence
and scatter slits were 1o.

The mineral powders were mounted as thin smears on a glass slide,
using the following method. The mineral sample, together with silicon as
standard, was finely ground under acetone and the resulting suspension
transferred, using a dropper, onto a glass slide within an area previously
marked out with a wax crayon. As the acetone evaporated, a drop of
acetone celluloid solution was added and mixed in with the drying min-
eral suspension. The addition of celluloid gives a much more even surface
than if acteone alone is used. The smears were just translucent, and any
thick preparations were rejected. Samples were prepared in triplicate and
scans made of each. Silicon was used as both an internal and external
standard. It was found essential to use interval standards for the most
accurate work.

The centers of each peak were established by using dividers at f; of the
peak height. Measurements ol 20 were made to * 0.005o or better with a
rule graduated to 0.01 mm. The reproducibil i ty for the 2g measurements
in triplicate was found to be better than t0.01o.

The unit cell parameters a, b, c, B and cell volume were determined us-
ing the 2d angles for the reflections from the following planes, in increas-
i ng  o rde r  o I  20 :021 ,22O,221 ,310 ,  311 ,  I 3 l ,  I 12 ,002 ,22 I ,311 ,  330 ,  041 ,
510 ,  150 ,531 ,  600 ,  350 ,060 ,  531 .
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Sample No.
1

sv1
3

SV3
2

SV2
4 5 6 1 8 9

sv4 svs G30s G121 G50 G15

SiOz
Tio:
AbOs
FezOa
CrrOs
FeO
MnO
Mgo
CaO
NazO
KrO
HzO+

Total

48 .73  49 .27  49  44
0 . 8 1  0 . 8 1  0 . 7 8
5 . 9 8  5 . 3 4  5  0 8
2 . 4 7  2 . 5 6  2 . 6 5
0 05 n.d. n.d.
4 9 6  5 0 8  5 . 1 9
0 1 5  0 1 8  0 1 7

14.43 74 62 14 58
2 2 . 4 9  2 2 . 1 7  2 1 . 8 2
0  2 6  0  2 5  0 . 2 6
0 0008 0 .0008 0 .0009
0 00 n.d n.d.

49  48  50 .64
0 8 6  0 5 7
4  7 8  2 . 5 4
2  5 4  2 . 3 6
n.d .  n .d .
5 . 3 1  8  5 7
0 . 1 9  0  3 9

11.62  14  51
2 1  . 8 0  1 9 .  7 5
0 . 2 4  0  5 2
0 0008 n.d.
0  0 0  n d

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

6  4 0  4 . 8 7
n.d. n.d.

1 5  0 8  1 5 . 8 9
19.14  21 .O4
0  7 8  0 . 4 4
0 05  0 .09
0 . 0 4

49.74
2 0 2
4 . 1 2
1 .  1 4

6 . 1 7
0 .  1 5

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

49 53
f . i 8
4 2 9
1 1 3

6 . 7  |
0 1 6

14.66
2 0  . 5 2

0 5 5
0 0 6

100 33 100 18 99.97 99 82 99.85 99 79 100.42 rO0 12 99 69

Cations on a basis of 6 oxygens

- J J I'1ottu

Mg
Fe

7a A l inZ

a
Range in B

zLc
2Y"

Sp.Gr .

1 . 8 0 3  1 . 8 2 2
0 197 0 178

0 063 0 055
0.022 0 .o22
0 . 0 6 9  0 . o 7 7
0 . 0 0 1
o 796 0 .806
0 . 1 5 3  0 . 1 5 7
0 005 0 005
0 891 0  878
0  0 1 9  0  0 1 8

2  0 o  2 . o 0
2 0 2  2 0 1

4 6 8  4 5 8
4 1 . 8  4 2  0
11.4  12  2

9 . 9  8  9
1 690
1.697 1  697
l , / l o

1 0 . 0 0 1  1 0 . 0 0 1

57"  56"
3 . 3 6

1 . 8 3 3  1 8 3 8  1 8 9 8  1 8 2 7
0  1 6 7  0  l b 2  0  1 0 1  0 . 1 7 J

0 054 0 .047 0  010 0 .057
o.o22 0 .024 0  016 0 .042
0 . 0 7 4  0 . 0 7 1  0 . 0 6 7  0 . 0 6 3

0 . 8 0 . s  0 . 8 0 8  0 . 8 1 0  0 . 8 3 4
0  1 6 1  0 . 1 6 5  0 . 2 6 9  0  1 9 9
0.00s  0  005 0 .012
0 8D6 0  807 0 .743 O 761
0  0 1 8  0  0 I 7  0  0 J 8  0 . 0 5 6

0.o02
2 . O 0  2 0 0  2 0 0  2 0 0
2 0 r  2 0 1  2 0 1  2 0 1

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

8 . 4  8 1  5 1  8 . 8
1  691

1 697 1 .697 1 .697

1 0  0 0 1  1 0 . 0 0 1  1 0  0 0 2
43' 43'

5 6 "  5 6 '  5 2 ' - 5 1 "
3 3 6

1 . 8 6 5  1 . 8 4 3  1 . 8 4 4
0 . 1 3 5  0 . 1 5 7  0 . 1 5 6

0 058 0 .021 0 .032
0 035 0 .056 0 .049
0  0 3 5  0 . 0 3 1  0 . 0 4 0

0  8 7 0  0 . 8 2 5  0 . 8 2 0
o . 1 4 9  0 . 1 9 1  0 . 2 0 8

0 004 0 004
0.822 0-817 0  818
0 031 0  040 0 .040
0 004 0.004 0 004
2 . O O  2  0 0  2 . O 0
2 . 0 0  2 0 2  2 0 2

44 45 43
46 43 +4
1 0  t 2  1 3

Iorut
Ti

wxY

1 9 7 8

Samples 1-5 from the St Vincent ejected blocks.
(1) No. 1. Salite from plagioclase (Aner)-olivine (Fore)-salite-amphibole-magnetite cumulate (T770).

No. 2. Salite from plagioclase (Anca.r)-olivine (Fozr)-salite-amphibole-magnetite cumulate (T896).

No- 3. Salite from plagioclase (Anea)-olivine (Fozu)-salite-magnetite cumulate (T774M).

No. 4. Salite {rom plagioclase (Anso)-olivine (Fozo)-salite-magnetite-amphibole cumulate (T748A)'

No' 5' Augite lrom norite (T731C) (non-accumulative) 
Analvst J F. Lewis

(2) Samples 6-9 from the Gough Island volcanics (Le Maitre, 19621 1965)
No 6 Augite lrom xenolith.
No. 7. Diopsidic augite phenocrysts; picrite basalt.
No. 8. Titanaugite phenocrysts; trachybasalt.
No. 9, Titanaugite phenocrysts; trachybasalt.

Analyst R. W. Le Maitre

6 . 7

Kev
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Tesln 2, Duprrc,q,:rB Uxrt-Cer-r Mrasuruu.nxrs oN Sxannoaano Auorrr. rN A

Brown (1960, Table 2, No. 2)
Lewis (duplicate measurement)

Indexing was carried out by reference to the chart of an indexed
Skaergaard endiopside, through the courtesy of Dr. G. M. Brown, and
by reference to the paper of Kuno and Hess (1953). The cell parameters
were calculated using a least-squares method with the aid of the Oxford
University Mercury digital computer. The cell parameters for the St.
Vincent clinopyroxenes are believed to be accurate to within +0.002 A.
The reflections on the diffractometer traces for the Gough samples were
not as sharp as those from St. Vincent and the cell parameters for these
samples are estimated to be accurate to within +0.003 A.

In order to test the accuracy and reproducibility of the X-ray results,
a Skaergaard augite sample, measured by Dr. G. M. Brown when at
Princeton University, was run simultaneously with some of the writer's
samples. Table 2 gives the results obtained by Dr. Brown for the Skaer-
gaard augite and also those obtained by the writer for the same sample.
It is seen that whilst the measurements for the b-dimensions are identical,
there is a slight discrepancy in the a- and c-dimension measurements.

Tlnrp 3. Urvrr-Crlr, Dru:eNsroNs ol Cr-rnopvnoxrxns lrou St.

9"r
"oT;"'

439.9
M0.3

cA

5 . 2 7 1
5 .274
5 .274
5 .274
5 .263

5 .277
5.263
5 .273
5 .277

oA,

8 .896
8.905
8 .907
8.908
8.924

Notes (1) Samples 1-5, St. Vincent. Analyses given in Table 1.
(2) Samples 6-9, Gough Island alkaline volcanics. Analyses given in Table 1.

Sample Mgz+

43.3
43 .8
43.9
M . 0
43.3

47 .3
+ o . t

44.3
M . 4

Fe2+

8 . 3
8 . 5
8 . 8
9 . 0

14.4

8 . 1
1 1 . 0
1 0 . 3
1 1 . 3

o s i n E
Cell

volume
A3

Ca2+

SVl
SV2
SV3
SV4
SV5

G3OS
G12r
G50
G15

9.  738
9.747
9 . 7 4 9
9 . 7 4 9
9 . 7 4 9

9 . 7 3 3
9 . 7 4 6
9 . 7 4 2
9 . 7 4 8

73 .93
73 .86
73 .83
73.83
73 .71

438.7
439.8
439 .8
439 .8
439.5

438.5
438.8
439.3
439.4

4 . 6
4 2 . 3
4 5 . 5
M . 3

8.898
8 . 9 1 0
8.902
8.904

7 3 . 6 7
7 3 . 5 6
73.86
/ J . 0 4

9.340
9 .347
9.3s9
9 .353

VrNcBrr aNn Goucn Isr,eNl
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However, these differences are within the limits of experimental error and
the results can be considered very satisfactory for the present purposes.

RBsurrs eNr Colrpenrsoxs

The unit-cell parameters determined in the present study are listed in.
Table 3. The compositions in terms of the Ca:Mg:Fe2+ ratios are also
given. The numbers of atoms substituting in octahedral and tetrahedral
sites, as calculated from the chemical analyses on the basis of six oxygen
atoms, are also given for ready reference (Table 4).

Unit-cell d,irnens,ion b. Using the data for the eleven analyses of augites
and ferroaugites from the Skaergaard intrusion together with the data
for the calcic clinopyroxenes studied by Kuno and Hess (1953), Brown
(1960) showed that there was considerable sensitivity of the b-dimension
to changes in the Mg: Fe2+ ratio, f or clinopyroxenes having a Ca : Mgf Fe
ratio of between 40 and 50 percent. The b-dimension is hardly affected by
variation over a range of 10 percent Ca. A linear relationship was estab-
lished for fifteen clinopyroxenes in the series CasMgroFeo-CaaMgoFero.
Two clinopyroxenes plotted at some distance from the line, these being
a skarn diopside from St. Lawrence Co. and a salite from the Taga
eucrite bomb. No explanation could be offered for the former, which
plotted above the line. The low D-dimension of the Taga salite was at-
tributed by Brown to the high quantity of Al substituting in octahedral
positions.

The Ca:Mg:Fe2+ ratios of the clinopyroxenes examined here (Table
3) have been recalculated so that the /6Ca:44 in each case, and the
data plotted on the diagram of Brown (1960, Fig. 2), correlating the
b-dimension with change in the Mg:Fe2+ composition ratio (Fig. 1). It
is seen that the D-dimensions of the St. Vincent salites (SV1-SV4) plot
below the line, together with that of the salite from the Taga eucrite
bomb and also the augite No.5 of Kuno (1955). All these clinopyroxene
samples, except Kuno's No. 5, have high Al and Fe3+ contents compared
with those fall ing on the l ine (here termed the l inear series). The Gough
Island samples, which contain considerable amounts of Al and Ti, also
plot below the l ine except for sample G121. This sample, together with
sample SV5, which contains low amounts of Al, Ti and Fe3+, plots on
the curve.

Unit-cell tlimension c. Kuno and Hess (1953) and Kuno (1955) correlated
the higher c-dimension values obtained for some of their samples with
high total Al contents. Hess (1952) considered that in orthopyroxenes the
substitution of AlIv for Si at first increases the c-value, but iarger
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8.93

JOHN F. LEWIS

8.92

8-9t L/u,o
. /  oHX

a . /

/ ""tt;oosv2
oGt5

oGg)
o T E

o o30s

oSVl

8'88

(.::fl'"" Fe'z Atomic I
( Cooa I

Frc. 1. Variation in the b-dimension with change in the Fe2+:Mg composition ratio
at constant Ca. Nos. A, l,2, 3 and curve refer to Brown (1960, Table 2, Fig. 2). TE: Taga
eucrite bomb; HK: No. 5 of Kuno (1955). Others are the newly-measured samples-Tables
2 and 3.

amounts cause the (Si, Al)OB chains to zig-zag in the (010) plane and
further increase in c would occur.

Brown (1960), with more data available, found no significant pattern
in variation of the c-dimension. He considered that this was possiblv re-

t t5
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lated to the difficulty in determining c with the accurac,v needed to detect

the slight variations to be expected. However, he noted that the c-dimen-

sions of the Skaergaard clinopyroxenes were consistently higher than the

others measured, and tentatively suggested that this may be due to ex-

solution of pigeonite 11001.
In Figure 2 the c-dimensions of the clinopyroxenes have been plotted

against variation in the Mg: Fe2+ composition ratio. It is seen that despite

considerable scattering the plots of the St. Vincent salites and Gough

Island samples (except Gl2l), together with the Taga eucrite bomb sam-

ple, are consistently higher than all others plotted. Sample G121 and the

o30sooGl5
aSv2-5v4
bGso

oSVt 
.

a o T E a a

oGta osvs
oHK' a

OA

A.
q ,

5.

- - M g u . F e o  
l 0

\uqcq /

20 30
Atomic %

l,O 50
t ^  \
\  Lo la l

Frc. 2. Variation in the c-dimension with change in the Fe2+:Mg composition ratio

at constant Ca. O Labelled as for Figure 1. I Clinopyroxenes from the Skaergaard in-

trusion (Brown, 1960).

clinopyroxene from the norite SV5 have lower c-values, similar to those

of the Skaergaard clinopyroxenes.

Unit-cell parameler a sin B. The preliminary work by Kuno and Hess
(1953) and Kuno (1955) indicated that there was an increase in the o-

dimension on passing from diopside to hedenbergite (i.e. with MgSFe

replacement). In the series diopside-f erropigeonite, however' a very

marked decrease was found with decrease in Ca content. The parameter

o sin B is more useful since it measures droo. Brown (1960) showed that

a sin B varied mainly with Ca content, but also changed slightly with

variation in Fe2+ and Mg. Brown's data show that the parameter o sin B
is ext-remely sensitive to variation in Ca content. A change in o sin B of

0.01 A corresponds to change in Ca content of approximately 1.5 percent

as read from the determinative graph (Brown, 1960, Fig. 5, p. 28).

The o sin B values obtained for the samples in this study are best com-
pared with those previously studied using the determinative graph con-

structed by Brown (1960, Fig. 5, p. 28). It is found that the measured
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values for the St. Vincent salites and G30S are approximately 0.025 A
lower than indicated b1' the graph. All these samples have greater than
1.5 atoms Al per six oxvgens. The a sin B values for the Go-ugh Island
samples G50 and G15 are lower b1. approximately 0.015 A. Samples
G121 and SV5 also give lower measured values than those indicated bv
the graph, but the discrepancy is less than 0.01 A.

Although there is this marked reduction in o sin B for the samples inves-
tigated here, the salites from St. Vincent, except SV1 (which has the
highest Al content), have higher asin B values than the Gough Island
samples. This corresponds with the higher Ca content of the St. Vincent
salites.

DrscussroN

The highly substituted natural clinopyroxenes studied here, contain-
ing considerable amounts of Al, Fe3+ and Ti, show a reduction in the
o sin B and D parameters and increase in the c parameter when compared
with natural clinopyroxenes containing lesser amounts of these constit-
uents.

Sakata (1957), Clark et al (1962), and Coleman (1963) have shown
that the addition of alumina to diopside results in a decrease in a, b,
a sin B and the cell volume, while c increases. Assuming that equal num-
bers of atoms replace Mg and Si in six-fold and four-fold co-ordination
respectively, these are the results to be expected since the replacement
of Mg(0.66 A)t Uy the smaller AI(0.51 A) should decrease a and b,
whereas substitution for Si (0.40 A) in the tetrahedral positions should
increase the c-dimension.

Using synthetic materials, Coleman (1963) has also investigated the
effect of the additions of small amounts of Fe, Ti, Cr and other elements
besides Al on the unit-cell dimensions of diopside. He found that sub-
stitution of the type Fe3+AI3+ for Mg:+$ir+ resulted in a decrease in D and
an increase in c. a, B and a sin B remained practically constant. Substitu-
tion of the type Ti4+A123+ for Mg2+Sira+ resulted in a decrease in b and B,
whilst a and c increased and o sin B remained constant.

There is a good overall correlation between the total amount of Al
present and the reduction in the D-dimension in the samples investigated
here with the exception of sample G121 and Kuno's specimen No. 5.
This feature is in agreement with the views of Kuno and Hess (1953) and
Kuno (1955). I lowever, this does not take into account the site of sub-
stitution.

Calculation of the chemical anaylses on the basis of six oxygen atoms,

I Ionic radii taken from Ahrens (1952) and Green (1959).
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and making the Z group equal to 2 by the addition of AI, indicates that
most of the Al in the clinopyroxenes investigated probably occurs in the
tetrahedral sites, and that Fe3+ and Ti substitute in octahedral sites
together with the remainder of the Al. Substitution of Al for Si in rerra-
hedral sites should cause an increase in the c-dimension, and this is the
effect observed in the natural clinopyroxenes studied here. All clinopyrox-
enes with a Ca content of between 40 and 50 percent, and containing
more than 1.5 atoms of Al per six oxygen atoms in four-fold coordina-
tion, show an increase in the c-dimension. These samples also show a
decrease in the D-dimension. The magnesian Skaergaard clinopyroxenes,
sample No. 5 of Kuno (1955), Glzl and SV5, contain less than 1.5 atoms
per six oxygen atoms in four-fold coordination and have lower c-dimen-
sions. The fact that SV1 has the largest amount of Al in four-fold coor-
dination, and yet has a slightly lower c-dimension than the other St.
Vincent salites, suggests that some factor, in addition to the Al content,
is  in f luencing the c-d imension.

None of the samples which form the linear series for the D-dimensions
has more than 0.05 atoms of Al in six-fold coordination. However, the
amount of Al in six-fold coordination, in the samples showing a decrease
in D, is not much greater than, and in some cases is less than, those sam-
ples lorming the l inear series.

The St. Vincent salites contain between 0.06 and 0.07 atoms of Al per
six oxygens atoms in six-fold coordination and this should contribute
towards the reduction in the 6-dimension. No. 5 of Kuno (1955), and
G50 and G15, however, contain only 0.005, 0.02 and 0.03 atoms of Al
respectively, which is less than that in some of the samples forming the
linear series. G121 contains a greater amount of Al in six-fold coordina-
tion than the other Gough Island samples, and yet there is no reduction
in b for this sample. Ifowever, G121 contains the least amount of AI in
four-fold coordination for the Gough Island samples.

Substitution of Fe3+ in octahedral sites should result in a small de-
crease in D, as the results of Coleman (1963) have shown. The St. Vincent
salites contain greater amounts of Fe3+ than the Skaergaard samples, and
this should be a contributing factor towards a decrease in b for these par-
ticular samples. The amount of Fe3+ in the Gough Island samples is
similar to that of the Skaergaard samples, except for G30S which contains
considerable P.a+ (0.062 atoms).

G30S, G50 and G15 contain more than 0.04 atoms of Ti per six oxygen
atoms. None of the other samples contains as much as this, and most
contain only 0.02 atoms. The role of Ti in ionic substitution will depend
upon its valency, which cannot be determined by chemical analyses in the
presence of Fe. If Ti is present as Ti4+ in octahedral sites there should be
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a decrease in b, since the ionic radius (0.68 A) is smaller than that of

Fer+ (0.74 A).
Verhoogen (1962) considered that, in the presence of Fe, Ti is more

Iikelv to occur in octahedral sites as Ti3+, which has an ionic radius of

0.76 A. If this is so, the effect on the unit-cell would be small and may

even increase D, assuming that Ti is substituting for both Fe2+ and Mg.

I{on'ever, the results of Coleman's experiments indicate a decrease in 6

with substitution of Ti for Mg. Hence, it seems probable that the greater

amounts of Ti in the Gough Island samples may have contributed to the

observed decrease in 6.
A reduction in o sin B has also been observed in relation to curves con-

structed for pyroxenes with low amounts of A1, Ti and Fe3+. The greatest

reduction in this parameter is found in samples SV1 and G30S, which can

be correlated with the fact that these two contain the most Al, in both

four-fold and six-fold coordination. This is also in accordance with the

observed reductions in o sin B with the addition of Al to diopside in the

synthetic experiments. However, samples G50 and G15, which contain

comparatively small amounts of Al in six-fold coordination, also show a re-

duction in a sin B, although to a lesser degree than the St. Vincent salites.

Coleman (1963) found no reduction in o sin B with the addition of Fe3+

and Tia+. This suggests either that Coleman's data are not applicable to

the natural iron-bearing pyroxenes, or that the distribution of Al is not

in accordance with that assumed here.
According to the ionic radii and the experimental data, Al3+ substitut-

ing in octahedral positions should give the greatest observed reduction

in 6 and o sin B. Fe3+ should also give a reduction in D but to a lesser

extent, and Tia+ possibly gives a reduction in 6. Examination of Table 4

shows that, although all the samples showing a decrease in b have higher

contents of total AI*Fe3+*Ti in six-fold coordination (except for No. 5 of

Kuno, 1955), the two Gough Island samples G50 and G15 have contents

hardly greater than for some of the samples forming the linear series. The

effect of Cr should not be neglected and appreciable quantit ies ()1000

ppm) were reported by Le Maitre (1962) for the Gough Island samples.

These were determined spectrographically and have not been assessed

here.

CoNcr-usroNs

A reduction in the D and o sin B parameters and an increase in the c
parameter has been observed for the highly substituted clinopyroxenes
studied here compared with those containing lesser amounts of minor

constituents. High total Al and high Al in four-fold coordination correlate

with reduction in the b and a sin B parameters and increase in c.
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Substitution of the smaller ions, particularly Al in octahedral positions,
should cause a reduction in 6 and o sin B. ft does in the St. Vincent
salites but the distinction is not so clear for the Gough samples and for
No. 5 of Kuno (1955).

Al, Fea+ and Ti substituting in octahedral positions may each give
some reduction in D, but there is no distinct correlation between the total
fllvrf psr+f Ti and the reduction in 6 and a sin B. These apparent discre-
pancies might be due to analytical error but might also result from wrong
assumptions on the distribution of the ions and the valency of ri. Similar
anomalies can been seen from the data on orthopyroxenes presented by
Howie (1963). Further studies on clinopyroxenes from different environ-
ments and showing variation in ionic substitution, e.g. omphacitic clino-
pyroxenes compared with fassaites, should give more information on
these problems.
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