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Optical Orientation and Twinning of Merwinite: A Restudy

Res Nlwnz.

Department of Geology, Ulster Museum

aNo JoHN PnssroN

Queen's Uniuersity ol B:e$ast, Belfast, North lreland

Abstract

Study of rnerwinite from the new locality of Killala, Ireland, and the type locality of Crest-
more, California, shows that earlier reports on its optical orientation and twinning are erroneous.
Merwinite is monoclinic, the new optical orientation is Y - b, X:c - 13", O.A.P. is (010).
The cleavages are : {100} poor and {010} very poor. Merwinite shows polysynthetic, parallel
twinning on {100}, u/ith twin axis [013]; and on (611) and (611), with twin axes [013] and
[013] respectively. The twin axes are inclined to the c axis at approximately 3l' and to all the
vibration directions of the host merwinite; therefore corresponding vibration directions of the
twins bear a non-linear, angular relationship with those of the host. The chemical composition
and X-ray data for the Killala merwinite compare favorably with the recent data on synthetic
merwinite.

Introduction

Merwinite was first discovered by Larsen and
Foshag (1921) from Crestmore, California, and was
described as probably monoclinic, optical orienta-
tion, Z = b, X:c: 36". The cleavage was stated to
be perfect parallel to {010}, and the twinning was
described as polysynthetic along {110} with c as the
twinning axis, and along {1@} twins with twin-
ning axis unstated, but presumed to be the c axis.
Tilley (1929) described merwinite from Scawt
Hill as tabular on {010}, with optical orientation,
cleavage, and twinning as for the Crestmore material.
Yamaguchi and Suzuki (1967) determined the struc-
ture of synthetic merwinite crystals which were re-
ported to be without cleavage or twinning but platy
on {001}, which by Moore and Araki's (1972)
orientation is {100}. They cite its optical orientation
as Y : b (in the plane of the plate) and X making a
small angle with the a axis in this plane. Moore and
Araki (1972) determined the crystal structure of
synthetic merwinite and found that the tabular struc-
ture on {1@} could not be reconciled with the tabu-
lar development and cleavage on {010} reported in
the earlier literature. Consequently, they examined
the Crestmore merwinite and found cleavage along
{100} in accordance with the structure; they con-
cluded that "misorientation in the earlier literature
may have resulted from the near-orthogonal char-

acter of the crystal cell." Both these later studies
imply misorientation of the optical indicatrix in the
earlier literature, but the differences are not pointed
out.

During the present study, the misorientation was
detected when optical orientation and twinning of
the Killala merwinite were examined with a universal
stage. In sections normal to the Y vibration direction
of the host, the traces of the alleged {110} twin
lamellae were inclined to the traces of the poor
cleavage and the X vibration direction was inclined
to the traces of both the { 100} twin lamellae and the
cleavage. This indicated that the optical orientation
and twinning of the mineral under study differed
from those reported by Larsen and Foshag (1921)
and Tilley (1929). The same conclusion was reached
when a specimen of the Crestmore merwinite was
re-examined.

The twinning described in this paper differs from
that reported by Larsen and Foshag (1921) and
Tilley (1929 ). In order to complete the description,
the paper also includes X-ray and microprobe data
on Killala merwinite.

Physical Properties

Cleaaage

In thin section, the Killala merwinite grains have a
rounded, hexagonal, or rectangular outline. The
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cleavage, earlier stated as perfect parallel to {010}
(Larsen and Foshag, 1927; Tilley, 1929), is on

{ 100}, in agreement with Moore and Araki (1972) .
It is poor and is never well developed but becomes
more obvious in very thin sections where the grains
show signs of disintegration. As described below, the
O.A.P. is perpendicular to the plane of this cleavage,
which rnakes a small angle with X. The platiness of
Yamaguchi and Suzuki's (1.967) synthetic crystals is
probably also due to the potential {100} cleavage,
which by their orientation is {001}. More rarely, the
Killala merwinite shows a second very poor cleavage
or parting parallel to {010}.

Specific Grauity

During heavy liquid separation of the Killala
merwinite it became obvious that it is denser than
first reported by Larsen and Foshag. Its specific
gravity of 3.32O, determined by means of a density
column, is in agreement with the specific gravity of
synthetic merwinite, reported by Yamaguchi and
Suzuki (1967) and Moore and Araki (1972), and
of the Crestmore merwinite reported by Neuvonen
(1,9s2).

FIc. 1. The stereographic projection of the optical orienta-
tion and twinning of merwinite. Two of the twin planes,
(611) and (611), intersect at the point S, and their respec-
tive twin axes are [013] and [013]. The third twin plane and
cleavage on {100} are not shown. The angular separation
between the c axis and [001] is nearly 2".
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Optical Orientation
The Killala merwinite shows intricate polysyn-

thetic twinning, high relief, and low to medium bire-
fringence. Its refractive index values arc a 1.702,

B l .7lO, y 1.723 (a11 :L0.002) ,2V2 = 70 -+ 2o. I ts
O.A.P. is parallel to (010), Y : b and X:c r: 13o.
This optical orientation difiers from that reported'by
Larsen and Foshag (1921) and by Tilley (1929)
but is qualitatively similar to that for synthetic mer-
winite, reported by Yamaguchi and Suzuki (1967),
if its a and c crystal-axes are interchanged.

Moore and Araki (1972) recognized the crystal-
lographic misorientation in the earlier literature (as
noted above), but did not comment on the optical
orientation.

Twinning
The Killala merwinite contains three sets of twin

lamellae. Two of the three sets, equivalent to the

{110} twin lamellae reported by Larsen and Foshag,
are well-developed and intersect at approximately
42"; tho third, poorly-developed set, corresponding
to their {100} twins, nearly bisects the acute angle
between the first two sets and makes a very small
angle with the poor {100} cleavage. The twinning
axes neither coincide with the c axis nor with the
intersection of the first two sets of twin lamellae. but
are inclined to both of them (see below). The O.A.P.
of the host bisects the obtuse angle between the first
two sets of twin lamellae.

The exact location of the c axis is difficult to de-
termine because both the {100} and {010} cleavages
in merwinite are poorly-developed and consequently
the measured angle, X'.c, varies between 7" and 13" .
The angle between X and the above intersection is
-26" ) therefore the angle between the intersection
and the c axis is -13o (using the highest value of
X : c  :  1 3 " ) .

Plotting the results on a standard stereogtam,
based on Moore and Araki's crystallographic orienta-
tion, shows the first two sets of twin planes to be
(611) and 16i1; and their twin axes as [0131 and
I0131 (Fig. 1). From two observations, the composi-
tion plane of the third set appears to be practically
parallel to {100} and the twin axis lies close to [013].
Figure I shows that the twin axes make an angle of
about 31o with the (010) plane and are inclined to
X, to the c axis, and to the intersection of the first
two sets of twin lamellae.

Because of the difficulty in accurately locating the
c axis, the Miller indices of the twin planes and their



twin axes are approximate. The twinning, however,
is definitely not prismatic because the twin lamellae
are inclined to the traces of the poor cleavage. Fur-
thermore, the prismatic twinning would require the
three entities (the intersection of the first two sets of
twin lamellae, the twin axes, and the c axis) to be
coincident and to make an angle of 36' with X
(Larsen and Foshag's orientation). On the contrary,
all the four entities show angular separation that is
far larger than any errors of observation or mea-
surement.

A discussion of the origin of the merwinite twin-
ning must await a future thermafX-ray study aimed
at determining possible polymorphic changes in
merwinite. Moore (1973) has suggested the possi-
bility of a high-temperature merwinite polymorph
with glaserite (hexagonal) structure and has dem-
onstrated the correspondence between the pseudo-
hexagonal c axis of merwinite and the c axis of
glaserite. If polymorphism in merwinite does exist,
then the twinning most likely results from inversion,
just as Ca2SiOa, in the cement clinker, shows twin-
ning due to inversion from 'o to ,a' to p forms (Ono,
Kawamura, and Soda, 1968; Yamaguchi and Takagi,
1 9 6 s  ) .

Chemical Composition

The composition of the Killala merwinite was de-
termined by electron probe microanalysis using a
synthetic pyroxene standard. The total iron was cal-
culate.d as Fe2OB. The analysis in weight percent is:
SiO2 34.93, Al2Oa 0.13, FezOg 0.39, MgO 12.56,
CaO 50.65.

The total (98.66) is low because the analysis is
uncorrected and excludes minor constituents. Recal-
culated on the basis of 8 oxygens, the analysis leads
to the formula, Cago:rMgr.orSir.noOe, for the Killala
merwinite.

X-ray Data

The X-ray powder pattern of the Killala merwinite,
obtained on a diftractbmeter using nickel-filtered
copper radiation, and Moore and Araki's (1972)
pattern of synthetic merwinite (Table 2) are sub-
stantially similar to that of synthetic merwinite re-
ported by Yamaguchi and Suzuki (1967). Moore
and Araki's pattern was used for indexing the
Killala pattern, which differs from it in some mi-
nor details. For example, Moore and Araki index
their d-spacing at 2.672 L as belonging both to
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411 and 013 reflections for which their calculated
d-spacings are 2.7O9 A and 2.680 A. In the Killala
pattern they are resolved; the 411 reflection is a
weak one and perhaps was not observed by them
because of its proximity to the very intense 013
reflection. Similarly, the unresolved line at 2.273 A
(Moore and Araki) belonging to two reflections,
511 and 122, is resolved in the Killala pattern into
two lines. Corresponding to the line at 2.213 A,
which was indexed as 204 by Moore and Araki,
the Killala pattern contains two well-resolved lines;
one of these is indexed as 204 after Moore and
Araki and the other as (600). The latter follows
from Yamaguchi and Suzuki's (ft0l) reciprocal net
in which the reflections 204 and 600 are of com-
parable intensity. This indexing is consistent with
the space group and does not violate Moore and
Araki's indexing because the calculated d-spacings
for these reflections, 2.2224 and 2.208 A. bracket
their observed line at 2.213 A.

The sample used for the Killala pattern contained
monticellite and spinel impurities, and the former
acted as the internal standard. Because of the inter-
ference from the impurities and the uncertainties in-
volved in accurately measuring weaker peaks, only
lines that were sharp, sufficiently strong, free from
impurity influence, and unambiguously indexed, were
selected for calculating the unit cell dimensions. The
2d values of the six peaks selected on this basis were
measured with an accuracy of i0.01'. The method
of Smith (1956), modified for the monoclinic sys-
tem, was used to construct six normal equations
which were solved by Gauss-Jordan's direct numeri-
cal method, given in books on numerical analysis.

Although the input parameters were few, for the
reasons already stated, the agreement between the
observed and the calculated d-spacings is good. It is
not fortuitous; rather, it testifies to the correct choice
of the peaks for the unit cell refinement, and to the

Tenrs 1 Unit Cell Dimensions of the Killala Merwinite

Ki l la la  Synthe t ic  merwin i te
nerw in i te  (1 )  (2 )

OPTICAL ORIENTATION AND TWINNING OF MERWINITE

" (.i)
b (A)

c (i)

B

L3.283

5 . 3 0 4

9.3r7

92.O8"

13.254(2L)  9 .336

s . 2 9 3 ( 9 )  5 . 3 0 1

9.328( r7)  13 .286

9 1 . 9 0 ( 1 s ) '  9 2 . r 3 "

( 1 )
(2  )

Moore and Araki (1972)

Yamaguchi and Suzuki (7967)
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TesrB 2. X-ray Powder Diffraction Data for Merivinite
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Synthet ic  merwin i te t

r/r^ d(i) hkl
"  (obs)  (ca lc )

Kil lala merwinltett

r/r^ d(i)
"  (obs) (calc)

' f  Moore and Araki ,  7972
tt  mis studgi  cafczTated ce77 Cata a 73.283t  !5.304,

c  s . 3 1 7  E )  ,  B  g z . o a o
* Indicates peaks se-Zected fot ce77 refinenent

**'rndicates peaks infTuenced bg spineT inpuritg
***  Indicates peak inf fuenced bg cafc i te inpur i ty

correct indexing by Moore and Araki of their powder
pattern.

Moore and Araki have compiled an upto-date
list of reported unit-cell data on synthetic merwinite
and have shown that all the previous data, with the
exception of the Japanese data, are erroneous. The
crystallographic orientation chosen by Moore and
Araki (1972) is adopted for the purposes of this
paper. The unit cell dimensions of the Killala mer-
winite (Table I) are in substantial agreement with
the results of both these studies. The differences may
be attributed in part to the techniques used for cal-

culating the unit cell dimensions from the powder

data, and in part to ionic substitutions in the Killala

merwinite.

Conclusions

Earlier data on the optical orientation and twin-

ning of merwinite are incomplete or incorrect' The

prominent cleavage in merwinite is on {100} and the

O.A.P. is parallel to (010). The twinning is not on

{110} but on {hkl} and the twinning axes are in-

clined to the c axis as well as to the principal vibra-

tion directions of merwinite. An electron probe

microanalysfs shows that the Killala merwinite com-

position is close to the theoretical formula Ca3Mg

SizOe. The X-ray powder pattern and the unit cell

dimensions of the Killala merwinite are similar to

those of the synthetic rnaterial of Yamaguchi and

Suzuki (1967) and Moare and Araki (1972).
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