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UNIT CELL DIMENSIONS OF CLINOEN-
STATITE AND PIGEONITE IN RELATION
TO OTHER COMMON CLINOPYROXENES.*

H. KUNO AND H. H. HESS!

ABSTRACT. The X-ray diffraction patterns of clinoenstatite and pigeon-
ite are given and their similarity pointed out. The gradual change in unit
cell dimensions from clinoenstatite to pigeonite, pigeonite through sub-
calcic augite, and augite to diopside, and finally from diopside to heden-
bergite are demonstrated. All clinopyroxenes have the same structure as
diopside. By measurement of unit cell dimensions and optical properties
it seems probable that the chemical composition of clinopyroxenes may be
fairly accurately determined.

INTRODUCTION

F the monoclinic pyroxenes in the field clinoenstatite-diop-
side-hedenbergite-ferrosilite only the structure of diop-
side has been determined (Warren and Bragg, 1928). Of parti-
cular interest to petrologists is the structural relationship of
clinoenstatite to the pigeonites and secondarily of this group
to the more Ca-rich clinopyroxenes. The key to the problem
seemed to lie in an understanding of the structure of
clinoenstatite.
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CLINOENSTATITE

.The powder diffraction pattern of clinoenstatite using both
Cu and Fe radiation was recorded. The diffraction lines were
indexed assuming the same space group as had been determined

* Princeton Investigations of Rock-forming Minerals No. 8.

1 Pigeonite-augite series measured by Kuno; clinoenstatite-diopside-heden-
bergite series measured by Hess.
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of Clinoenstatite and Pigeonite 743

for diopside, C%, . The unit cell dimensions resulting from
these observations are given in table 1. The methods and
constants used are the same as those given in Hess (1952).

On the basis of the above unit cell values, for clinoenstatite
dy values for about 100 planes were calculated and are com-
pared to the observed values. In table 2 it can be seen that a
good agreement has been obtained between calculated and ob-
served values. The intensities of the observed lines also agree
reasonably well with those observed for diopside. There are
only six unidentified lines in the pattern and all but one are
weak. All have relatively small 2 6 values. The value d =
4.281 could possibly fit d;; and the value d = 4.052 could
similarily be dsjo. If so, these would be the only cases of an
Okl plane with k odd or an hkO plane with h + k odd. The
other four could not be indexed at all. Five of these six lines
also appear in Atlas’ (1952) table of d values for clinoenstatite.
All of them could be attributed to enstatite impurities in the
sample which seems to be the explanation.

The difference between our unit cell dimensions and those
given by Atlas (1952) is related to the choice of which plane
shall be designated as {001} and hence the value for 8. The
controlling factor in choosing this value is that the {001} be
the analog of {001} in the diopside. In his choice Atlas seems
to have been influenced by the value of B for clinoenstatite
given in Winchell (1939)—p = 87°36". This value probably
came from Wright’s and Larsen’s measurement of a clinoen-
statite crystal (Allen, White, Wright and Larsen, 1909) in
which they gave B as 87°26’. The crystal face which Wright
and Larsen measured was possibly {102}.

The above relationships can be demonstrated by tracing the
variations of the various diffraction lines across the composition
field of the clinopyroxenes to diopside. Diopside-hedenbergite
pyroxenes have a good basal parting defining {001}, 8 for
diopside being '74°10°. Augites and subcalcic augites have
exsolution lamellae 11 {001} and the B angle is close to 74°.
It is only a small jump from Ca-poor augite to pigeonite which
also has exsolution lamellae on {001} with B8 slightly smaller
(B ="71.5° from X-ray results). By X-ray diffraction patterns
it is possible to trace the various lines from the pigeonites to
clinoenstatite by which we arrive at our value for {001} and
B = 7T1° 381,’. Atlas’ value B is such that his {001} then
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Fig. 1. Records of X-ray powder diffraction patterns of clinoenstatite
and pigeonites.

becomes exactly our {102} morphological plane by calcula-
tion. Our {001} undoubtedly is the analog of {001} in diopside,
and ours we believe is the unit cell which should be chosen to
be consistent with diopside.

PIGEONITES

For comparison with clinoenstatite the main lines of pigeonite
from Yumoto Hakone volcano are given in table 2. There are
two unidentified lines in the pattern corresponding to unidenti-
fied lines in the clinoenstatite pattern. Both lines are weak. The
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Fig. 2. Records of X-ray powder diffraction patterns of clinoenstatite,
diopside, and hedenbergite.

B angle for two pigeonites measured was found to be near 7114°.
Figure 1 is a graphic presentation of records from 2 § = 34° to
2 6 = 47° (Fe radiation Mn filter) for clinoenstatite, pigeonite
from Yumoto and pigeonite from Usugoya-Zawa, Hakone vol-
cano. This permits visual comparison of the variation of the
positions and intensities of the peaks with changing composition.
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Fig. 8. Records of X-ray powder diffraction patterns from St. Lawrence
diopside through augite and subcalcic augite to Yumoto pigeonite. Com-
positions shown in figure 6.
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Fig. 4. Variations in unit cell dimensions from Yumoto pigeonite to

St. Lawrence diopside.
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Fig. 5. Variations in unit cell dimensions in the series diopside-

hedenbergite.



of Clinoenstatite and Pigeonite 751
OTHER CLINOPYROXENES

Figures 2, 3, 4 and 5 similarly portray the changes across
the field from pigeonite to diopside and diopside to hedenbergite.
With this much information an approximate diagram may be
drawn to show variations in unit cell dimensions for the whole
clinopyroxene field (fig. 6). It is evident from this figure that
determination of chemical composition of the major constituents
Mg, Fe and Ca is possible by X-ray analysis. The effects on the
unit cell of Al*3, Fet3, Ti** and Nat! will have to be deter-
mined before precision can be expected from such determina-
tions. When such an investigation has been completed it may be
possible to estimate not only the amounts of major constituents
but also the four minor constituents by combining X-ray and

Diopside Hedenbergite

St. Lawrence CQ ’ks‘s;%ale ’:luoul?
o Yagurazawa=
toge
O Awarada-toge
O 0Osimo
o]
Usuqo?a-znwo Yumgto Mull
. AY] AV A4 AVa AV4 M. AYa N,
i Ferrosilite
Clino Enstatite MOL.%
BT14°10 B74°45'"
C 5.255 c CoFeﬁ_’soo,
Ca Mg

Mg Breer Bre2r Fe
€5.239 C 5.251

Fig. 6. Upper diagram shows compositions of clinopyroxenes used in
investigation, and lower diagram the variations in unit cell dimensions.
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optical methods. Figure 6 even in its present form is convenient
for a first approximation in indexing clinopyroxene X-ray dif-
fraction patterns.

It may be expected that with refinement of the X-ray data,
effects related to the environment at the time of crystalliza-
tion and to the post-crystallization history may become evident
as in the case of the orthopyroxenes.

The results embodied in this paper support the conclusion of
Wyckoff, Merwin and Washington (1925) that the structures
of all clinopyroxenes are similar.
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