
23 

A review of the data of the Mg-Fe-clin(r~roxenes. 
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I N recent years several occurrences of clinoenstatite and of elino- 
hypersthene have been recorded, the identification depending on the 

oblique extinctions measured from a prominent cleavage. This is, of 
course, quite inconclusive, because many sections of hypersthene show 
extinction-directions oblique to the trace of a prominent cleavage, and 
much fuller data would be necessary before most of these occurrences 
could be accepted as monoclinic Mg-Fe-pyroxenes. 

The terms clinoenstatite and clinohypersthene appeared for the first 
time in 1906 when both W. Wahl and A. Lacroix introduced them for 
the monoclinic Mg-Fe-pyroxenes which had been often observed in 
meteorites. Lacroi~ mentioned several meteorites in which these 
minerals were reported to have been present, while in his 'Min~ralogie 
de la France' (1910) he noted the French occurrences. The only data 
given, ap~rt from those on artificial products, are the constant lamellar 
structure parallel to (100) and the maximum extinction-angle of 22-29 ~ 
while the division between clinoenstatite and clinohyporsthene was 
made at 10 % FeO to correspond with the division in the orthorhombic 
series. Michel (1913) found these minerals in many kinds of meteorites. 

J. Ebelmen in 1851 was the first to produce MgSi03 artificially, but 
the monoclinic nature of his product was not recognized until 1881 when 
F. Fouqu6 and A. Michel-L6vy investigated the artificial production of 
minerals. In their book they give references to the other early workers 
who had produced this mineral without realizing that it was monoclinic. 
In 1906 A. Lacroix obtained the monoclinic form through inversion of 
the orthorhombic by heating the latter near its temperature of fusion. 
In this same year the Geophysical Laboratory at Washington began its 
thermal study of artificial melts with a paper on minerals of the com- 
position MgSiO a by E. T. Allen, F. E. Wright, and J. K. Clement (1906). 
This paper and most of the subsequent ones give optical data on the 
various minerals produced, but a new form a-MgSiO 3 noted by E. T. 
Allen and W. P. White (1909) was shown later by N. L. Bowen and 



O. Andersen (1914) to be really forsterite. The papers of N. L. Bowen 
(1914) and O. Andersen (1915) give later data on the pure clinoenstatite 
produced by them. In more recent years, the study of systems contain- 
ing CaO, MgO, FeO, and SiO 2 has greatly extended our knowledge of the 
Mg-Fe-clinopyroxene series and the relationships of the various phases 
are now well known (see N. L. Bowen and J. F. Schairer, 1932 and 1935 ; 
N. L. Bowen, J. F. Schairer, and E. Posnjak, 1933). The name 'ferro- 
silite' suggested by Washington has been adopted by N. L. Bowen 
(1935) for the FeSiO s molecule. 

Very little structural work has been done on this series of minerals. 
In 1925 R. W. G. Wyckoff, H. E. Merwin, and H, S. Washington took 
powder photographs of several different pyroxenes and they state 
(p. 385) that clinoenstatite gives a diffraction-pattern which is, ap- 
parently, unlike that of any of the other pyroxenes examined. This 
statement, however, seems to refer to artificially produced clinoenstatite 
obtained by inverting enstatite from Espedalen at 1400 ~ C. and the 
authors admit that this is unlikely to produce a pattern exactly similar 
to that of pure clinoenstatite. B. E. Warren and J. Biscoe (1931) took 
oscillation photographs of this mineral which showed the same pattern 

�9 as those of diopside, but they did not state the nature of the actual 
material used. In 1935 N. L. Bowen and J. F. Schairer used powder 
photographs in identifying their artificial products. None of these papers 
give any reproductions of X-ray photographs of the minerals of this 
series. 

In the case of terrestrial rocks, with the exception of the practically 
pure clinoferrosilite described by N. L. Bowen (1935) from the litho- 
physae of an obsidian from Naivasha, Kenya, the identification of all 
the reported occurrences examined rests on insufficient data. S. Tsuboi 
(1920, p. 83) reports clinohypersthen e in a lava as having the same 
optical properties as the hypersthene which accompanies it, except that 
in the former the optic axial plane is transverse to the  c-axis. In view 
of the fact that all known clinoenstatites and clinohypersthenes are 
optically positive and have the optic axial plane more nearly parallel 
than perpendicular to the c-axis, and that the maximum optic axial 
angle reported for them is equal to the minimum reported for the 
hypersthenes, it is obvious that much more dataare required before this 
Japanese occurrence could be accepted as belonging to the series of 
minerals under discussion, especially as the characteristic polysynthetic 
twinning is absent in this case. J. Gottharcl (1928) also reports an 
occurrence in a melaphyre of a clinohypersthene, similar to  the hypers- 
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thene which accompanies it, except tha t  it shows extinction-angles up 
to 10 ~ Clinoenstatite showing extinction-angles up to 30 ~ was reported 
by A. Holmes and H. F. Harwood (1932) as cores of zoned enstatite in 
lapilli in a melilite-basalt from Uganda. Clinoenstatite is said by E. O. 
Teale (1928) to occur in a diamondiferous kimberlite pipe in Tanganyika, 
but  no data are given, while P. A. Wagner (1925) describes poly- 
synthetically twinned clinobronzite in a platinum-bearing norite on the 
grounds of a maximum extinction-angle of 3 ~ 15' in the symmetrical 
zone. 

In  describing the Johnstown meteorite, E. 0.  Hovey (1925) gives 
some data and an analysis of a sample of monoclinic pyroxenes which 
he calls cl]nohypersthene on the grounds of extinction-angles of about 
8-15 ~ and a lamellar structure, which he describes as 'polysynthetic 
twinning on the clinopinacoid (010)'. But  this mineral is optically 
negative and its other properties agree with those of hypersthene, so 
the lamellar structure is probably that  which is often seen in ortho- 
rhombic pyroxenes although as yet  unexplained. The '  clinohypersthene' 
reported by H. Service (1934) has since been identified as hypersthene, 
the inclined extinctions and lamellar appearance having led to the 
mistake. 1 In his description of the geology of D6go in the Japan Sea, 
T. Tomita (1936) gives some data on a mineral which he suggests is a 
clinohypersthene of very low optic axial angle and for which he proposes 
the name 'gokai te ' .  The low 2V suggests the presence of some CaO, 
but the mineral is optically negative, while all the identified occurrences 
of  this series and of the pigeonites are optically positive. Until further 
data  are available it is impossible to include th i s '  gokaite'  in the mineral 
series under discussion. M. S. Krishnan (1936) has suggested the pre- 
sence of clinoenstatite in a meteorite along with enstatite on the basis 
of oblique extinction alone, while a reported occurrence in an igneous 
rock with more data (J. Verhoogen, 1937) is discussed below. In  each 
of these cases the inclined extinctions are no proof of monoclinic sym- 
metry, while a lamellar structure is quite common in orthorhombic 
pyrox~nes. 

In  the case reported by J. Verhoogen (1937) from a lava the mineral 
in question is often zoned and the maximum extinction-angles rise from 
7 ~ in the cores to 16 ~ or 18 ~ on the outside. The data given for the 
hypersthenes are rather vague, but  in the same section crystals with 
2V 90 ~ and 55 ~ occur. The author think~ that  these extinctions cannot 
be explained by the obliquity of the section if the mineral were ortho- 
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rhombic ; but calculation shows that, for example, in a section inclined 
at  15 ~ from the prism-zone and at 15 ~ from normality to the optic axial 
plane the extinction-angle from the slow ray to the trace of c would be 
5�89 ~ where 2Va----80 ~ and 16 ~ where 2Va ~-50 ~ Extinction-angles 
might well be measured on such a section, and the data are consistent 
with an orthorhombic pyroxene becoming markedly enriched in iron 
during crystallization, which explains the rise in refractive index out- 
wards from the core, while the accompanying decrease of 2V over 
accounts for the increase noticed in the extinction-angles on these 
oblique sections. The statement made that  changes in pleochroism , 
colour, and birefringence are not related to change in extinction-angle 
is quite understandable, for, especially in sections showing low bire- 
fringence, which are those with the largest extinction-angles, the increase 
in birefringence would be hardly noticeable, while pleochroism is not 
connected with increase in iron. 

The conclusion can, therefore, be drawn that no example of mono- 
clinic Mg-Fe-pyroxene has been proved to occur in.terrestrial rocks, 
except that  of the iron end-member, clinoferrosilite, which itself may 
have been metastable and of which the occurrence is unusual. There is 
a possibility that  members of this series may occur as fine intergrowths 
with other pyroxenes, but this has not yet been thoroughly studied. 

In the supplementary volume of Hintze's ' Handbuch der Mineralogie' 
(1936) crystallographic data on clinoeustatite according to various 
authors are given ; but as no reference is made there to the recent work 
of N. L. Bowen and J. F. Schairer (1935) and of :N. L. Bowen (1935), the 
available optical data are indicated below. Contradictory statements 
have been made about the properties of members of this series, but it is 
now possible to discard some of these and to lay the basis of a table of 
optical properties which, however, requires much more data. The 
diagrams of A. N. Winchell (1935) and of T. Tomita (1934), of which the 
series under discussion forms a part, show the effects of an increase of 
lime. The optic axial plane for this series is perpendicular to (010), but 
beyond the value 2V ~ 0 ~ with increasing lime, it is parallel to (010). 
Up to the present, no division has been made between the MgSiO 3- 
FeSiO 3 series and the pigeonites, both of which are optically positive, 
and T. Barth (1931) uses the terms 'clinoeustatite' and 'pigeonite' 
indiscriminately, while G. T. Prior (1920) proposed to extend the 
former term to cover the pigeonites on the grounds that  'clinoenstatite' 
has essentially the same meaning as has 'enstatite-augite'. Where lime 
is appreciable he proposed the term 'calc-clinoeustatite'. But, in view 
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of our present knowledge, it is desirable to keep the terms'  clinoenstatite', 
' elinohyl~ersthene', and '  clinoferrosilite' quite separate from'  pigeonite' 
or ' enstatite-augite'. 

Very few reliable analyses are available of these minerals, but the 
figure (fig. 1) shows that at present there is a gap between the pigeonites 
and the series of Mg-Fe-clinopyroxenes which have been prepared 
artificially and which are said to be common in meteorites, although 
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1~o. 1. Diagram showing relationship of the pigeonites to the Mg-Fe-clino. 
pyroxenes. 

Analysed pigeonites: 1, Mull (A. F. Hallimond, 1914) ; 2, from slag (N. L. Bowen, 
1933); 3,/~and Islands, Finland (W. Wahl, 1906). 

none from meteorites has been analysed. Much more reliable and com- 
plete data are required for minerals of this composition and this gap may 
prove to be non-existent, but at present it makes it unnecessary to draw 
a sharp dividing line between the pigeonites and the m;nerals of the 
clinoenstatite-clinoferrosilite series. A mineral which from its properties 
must lie quite close to this series is the '  pigeonite B'  of E. P. Henderson 
and H. T. Davies (1936) from the Moore County meteorite. Its greater 
birefringence than the corresponding pure member of the series with the 
same value of y shows that it probably contains a little CaO. A few 
occurrences of pigeonites with the optic axial plane perpendicular to 
(010) are recorded, but the available data are too scanty to be used in 
plotting them. T. Barth (1931, pp. 201-202) mentions one from the 
basalt of Katem quarry, Madras, with 2V 20 ~ A. Osann (1907, p. 708) 
describes one from a Tasmanian diabase, and P. D. Quensel (1912, p. 77) 
one from a Patagonian diabase, both of which have a low optic axial 
angle and an extinction-angle y:c of 45 ~ which makes it impossib]e to 
plot them on the latest diagrams of A. N. Winchell (1935) or of T. 
Tomita (1934) recently improved by W. A. Deer and L. R. Wager 
(1938). W. Wahl (1907, pp. 6, 29, 64, 65, 68, and 90) gives two examples 
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of this t ype  of or ientat ion,  f rom the  diabase of Richmond,  South  Africa, 

and  f rom the  Juv ina s  meteori te ,  bu t  when the  old analyses of these are 

p lo t ted  the  points  lie on the  wrong side of the  line 2V z 0 ~ while a th i rd  

analysis,  f rom the  me teo r i t e  of  Novo-Urei ,  lies close to cl inoenstat i te ,  bu t  

the  optic axial  plane of the  mineral  is g iven as parallel  to (010). :In v iew 

of these discrepancies this  point  must  be left  undecided for the  present.  

N. L. Bowen and J .  F. Schairer (1935, p. 199 and fig. 28) give the  

refract ive indices, birefringence, extinct ion-angle,  and optic axial  angle 

of  the  artificial Mg-Fe-cl inopyroxenes  prepared by  them,  while N. L. 

Bowen (1935) gives da ta  on the  na tura l ly  occurring clinoferrosilite. I n  

the  former paper  2V is given as 20-25 ~ for the  whole series, bu t  in the  

earlier papers  of E.  T. Allen and W. P. Whi te  (1909, p. 30) and of  

N. L. Bowen (1914, p. 252) 2V for pure c l inoenstat i te  is g iven as 53 ~ 

The whole series is opt ical ly  posi t ive with posi t ive elongat ion and the  

optic  a x i a l  plane is perpendicular  to (010), while polysynthe t ic  twinning  

on '(100) is a lways present.  The specific g rav i ty  of pure c l inoens ta t i te  

is 3.19, bu t  definite da ta  on pleochroism and dispersion are lacking a t  

present.  
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