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Introduction
Enstatite and hypersthene are mem-

bers of an isomorphous series of ortho-
rhombic pyroxenes. The pure end
members of the series are enstatite,
MgSi03 and orthoferrosilite, Fe+2
Si03. Iron and magnesium substitute
mutually between Mg100Fe+20 and
about Mg10Fe+290 (Deer et al.,

1963). Although petrologists have sub-
divided this series into 6· subspecies
(Table I), the practicing gemologist is
primarily concerned with only the
magnesium-rich members which yield
some attractive gems. Adopting the
classification used by Deer et at.
(1963), enstatite is designated as a
member of the series having 88% to

TABLE I
NOMENCLATURE OF THE ORTHOPYROXENES

enstatite

bronzite

hypersthene

ferrohypersthene

eolite

orthoferrosil ite

EnlOOFsO to En88Fs12

En88Fs12 to En70Fs30

En70Fs30 to En50Fs50

En50Fs50 to En30Fs70

En30Fs70 to En12Fs88

En12Fs88 to EnOFslOO

FeO< 6.50%

FeO> 6.50%

FeO> 16.32%

FeO > 27.23%

FeO > 38.12%

FeO >47.92%

En-Enstatite member

Fs-Orthoferrosilite member
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100% of the magnesium end member;
bronzite having 70% to 88% of the
magnesium end member and hypers-
thene between 50% and 70% of the
magnesium end member. Members of
the series with Fe > Mg are usually
opaque and of little gemological in-
terest. It should be noted that meteor-
iticists use a slightly different classifi-
cation wherein the enstatite-bronzite
border is at 10% of the iron end
member and the bronzite-hypersthene
border is at 30% of the iron end
member (Mason, 1962). Although this
system aids in the classification of the
chondrule meteorites, gem enstatites
are best designated by the petrological
classification in Table I.

The recent emergence, in the gem
market, of a number of gem grade
faceted "hypersthenes" prompted the
author's investigation into this gem
group. The present study of gem qual-
ityenstatite was initiated to determine
the iron content, and hence the cor-
rect nomenclature, of these purported
"hypersthenes,' and gem enstatites in
generaL

Three faceted gems in the U.S.
National Gem Collection, weighing
7.77, 8.07, and 10.93 carats each were
examined. Eight other gemmy ortho-
pyroxenes were also examined, includ-
ing the Indian material originally
noted by the American gemologist,
John Sinkankas (1955), and donated
by him to the Smithsonian Institution.
Five samples from Brazil were donated
by Miss Tomiko Butler, F.G.A. of
Silver Spring, Maryland, U.S.A., who
generously and thoughtfully donated
fragments of the rough for this study
before cutting the gems. Other occur-
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rences include the noted Ceylon green-
ish enstatite, and the dark green mate-
rial from the San Carlos Indian Reser-
vation in Arizona (Sinkankas, 1959).

All numbered specimens are from
the U.S. National Mineral Collection at
the Smithsonian Institution, Washing-
ton, D.C. 20560. Specimens with num-
bers .prefIxed by "G" are faceted gems
on exhibit.

Previous Work

For discussions of asterism and
inclusions in star enstatite, the reader
is referred to the work of Eppler
(1967) and (1971). Early work on gem
enstatite was done by Mitchell (1953)
(1954) and Trumper (1954). Tan-
zanian enstatite was recently noted by
Bank (1974).

Chemistry

All the samples were analyzed on
an ARL-SEMQ electron microprobe
utilizing an operating voltage of 15KV
and a sample current of 0.15Mu. Wet-
chemically analyzed enstatite and
hypersthene microprobe standards of
high reliability were used. The analyses
are presented as Table II, in order of
increasing iron content, together with
their densities, color, and localities.

The examined gems are all mag-
nesium-rich with the FeO content vary-
ing from 2% to 11% by weight. It is
quite obvious that gem enstatites and
bronzites vary little in composition for
a given locality. None of the samples,
including six offered for sale as hypers-
thene, contained sufficient iron to be
considered hypersthene. The Tan-
zanian enstatites were the purest of
those examined and the Ceylon gems
next in relative purity.
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TABLE II. ANALYSES OFGEM ORTHOPYROXENES
Percent

Enstatite
End-

NMNH s.o, Alz03 FeO MgO MoO CaD K20 Na20 TiOz Total D Locality Color Member

ENSTATITE G-5459 58.79 1.33 1.89 38.29 0.08 0.08 0.00 0.05 0.03 ioc.s» 3.25 Tanzania Brown 95
ENSTATITE 125031 59.55 1.33 2.00 37.78 0.09 0.06 0.00 0.04 0.02 100.87 3.24 Tanzania Brown 94
ENSTATITE G-2294 58.04 0.78 5.17 35.25 0.16 0.53 0.02 0.02 0.03 100.01 3.31 Ceylon Brownish green 88
ENSTATITE G-3638 58.24 0.84 5.23 35.44 0.15 0.51 0.03 0.03 0.01 100.48 3.31 Ceylon Brownish green 88
ENSTATITE 134302 56.60 3.27 5.67 33.68 0.15 1.10 0.00 0.07 0.14 100.58 3.31 Arizona Dark green 84
ENSTATITE 134309 56.28 3.18 5.77 33.24 0.16 0.83 0.01 0.09 0.06 99.62 3.32 Arizona Dark green 83
BRONZITE 134303 56.23 3.51 6.80 33.17 0.14 0.99 0.00 0.15 0.20 101.19 3.32 Arizona Dark green 83
BRONZITE BUTLER 57.01 0.53 8.97 33.50 0.20 0.22 0.01 0.02 0.03 100.49 3.32 Brazil Brown 84
BRONZITE 134001 55.93 0.63 9.78 31.91 0.24 0.26 0.00 0.03 0.03 98.81 3.34 India Greenish brown 79
BRONZITE 134002 58.03 0.60 10.02 32.53 0.24 0.25 0.01 0.03 0.04 101.75 3.32 India Brown 81
BRONZITE BUTLER 56.99 0.54 10.43 32.45 0.20 0.24 0.00 0.02 0.02 100.89 3.32 Brazil Brown 80
BRONllTE BUTLER 56.45 0.62 10.50 32.33 0.20 0.24 0.02 0.02 0.00 100.38 3.32 Brazil Brown 80
BRONllTE BUTLER 57.01 0.56 10.73 32.47 0.22 0.25 0.01 0.03 0.01 101.29 3.32 Brazil Brown 80
BRONllTE BUTLER 56.15 0.65 10.77 32.12 0.25 0.27 0.03 0.02 0.03 100.29 3.32 Brazil Brown 80
BRONZITE 134003 57.35 0.55 11.08 32.32 0.25 0.26 0.01 0.03 0.05 101.90 3.35 India Brown 80

Although the density of the ortho-
pyroxenes varies from 3.21 to 3.95,
the densities of the gemmy enstatites
and. bronzites examined in this study
varied from 3.24 to 3.35. Gems with
high iron content have the higher
densities. Members of this series with
densities less than 3.30 may be con-
sidered enstatite, and those with den-
sities between 3.30 and 3.44 may be
designated as bronzite.

Optical Properties

The refractive indices of the ortho-
pyroxenes have been studied in great
detail and several excellent graphs
relating the optical constants to com-
position have been prepared (Deer et
al., 1963).

The indices and birefringence in-
crease with increasing iron content.
Values for gemmy enstatites and
bronzites vary as follows:
0' = 1.650-1.665, {3 = 1.655-1.676,
and 'Y = 1.665 -1.690. Birefringence
values vary from 0.015 to 0.025. The
optic sign changes from positive to
negative at about En88Fs12. This
change in optic sign was taken as the
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demarcation point between enstatite
and bronzite and may be used with
reliability in determining the correct
designation for a gem.

The color of enstatite and bronzite
is not related to the FeO content; both.
the low-iron Tanzanian enstatite, the
relatively high-iron Indian bronzite,
and the Brazilian bronzite are a
medium brown color.

Pleochroism in orthopyroxenes has
not been explained in terms of chemi-
cal composition. Several investigators
(Howie, 1955; Parras, 1958) have sug-
gested that the pleochroism might be
due to oriented intergrowths of diop-
side lamellae but no such lamellae
were observed in the visible pleochroic
Tanzanian and Ceylon enstatites. Al-
though rock-forming enstatites are not
usually pleochroic, the Tanzanian
enstatites exhibit very strong pleo-
chroism and the Ceylon enstatites
moderate to weak pleochroism. The
bronzite from India also exhibited
strong pleochroism.

Optical data for the enstatite from
Tanzania (G-5459), the one nearest to
the enstatite end of the series, is given
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as Table III. None of the examined
gems were luminescent in either long
or short-wave ultraviolet or in CuKQ'
x-radiation.

Enstatite occurs as prismatic crys-
tals, with a blocky habit. The rough is
ideally suited to emerald and rectan-
gular cuts. The gems are usually
oriented with the table parallel to
{ 100} to obtain maximum yield, and
sometimes with a table parallel to
{01O} as these directions provide the
most pleasing color. This preferred
orientation in cutting aids the gemolo-
gist for gems with tables cut parallel to
{ 100} permit the direct measurement
of true Q' and {3and gems with tables
parallel to {O 1O} will permit the
measurement of true {3and "(.

An interference figure, with
2V = 90° is a helpful determination as
it indicates that the gem's composition
lies on the enstatite-bronzite border.
This is only applicable in the case of a
gem with a density between 3.25 and
3.35 as 2V also approaches 90° at the
eulyite-orthoferrosilite border in the
iron-rich end of the series.

Absorption Spectra
Although enstatites are known to

always have a strong absorption line at
5060 A, other spectral lines were
observed and recorded. All samples
exhibited the 5060 A line, and it was
the dominant line in each case. In
addition to this dominant line, Tan-
zanian gems also had diffuse lines at
4550; 4880 and 5550 A, Ceylon gems
had one diffuse line at 5550 A, Indian
and Brazilian material had diffuse lines
at 4880 and 5550 A, and Arizona,
U.S.A., gems had one diffuse line at
4880 A.
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TABLE III
OPTICAL DATA FOR

TANZANIA ENSTATITE
(En9S Fss)

a: = 1.653 (±0.002) Optic sign +
(3 = 1.655 (±0.002) Birefringence 0.010
'Y= 1.663 (±0.002)

PLEOCHROISM
x = b
Y = a
Z = c

Light brown
Brown
Green

Although an uncommon gem mate-
rial, and one whose low hardness
(5~ - 6) and perfect easy cleavage in
two directions restrict its use in
jewelry, enstatite and bronzite do pro-
vide very attractive gems. This material
is also quite useful in teaching gemo-
logy inasmuch as it is a biaxial gem
mineral with noticeable pleochroism; a
material in which the optical constants
and optic sign determination can
provide a correct nomenclature desig-
nation, and one in which correct orien-
tation is essential to the lapidary.

Inclusions in the studied enstatites
were uncommon. Several of the Ari-
zona bronzites had exsolution lamellae
of diopside. Inclusions in the Tan-
zanian enstatite will be the subject of a
subsequent investigation.

The author is indebted to Ms.
Tomiko Butler for thoughtfully pro-
viding the Brazilian gem bronzites, and
to Dr. George Switzer for a critical
reading of the manuscript. Mr. John
Sinkankas and Mr. & Mrs. Clayton
Macy generously provided the samples
from the San Carlos Indian Reserva-
tion in Arizona, U.S.A. Additional
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thanks also goes to Miss Ann Gar-
lington for keeping the office candy
jar full.

References

Bank, H. (1974) Durchsichtige grune
enstatite aus Tansania 2. Dt. Gem-
mol. Ges. 23, #3,192-194.

Deer, W.A., Howie, R. A., Zussman, J.
(1963) Rock FormingMineralsVol.
2, Chain Silicates 8-4l.

Eppler, W.F. (1967) Star Diopside and
Star Enstatite, Journ. Gemm. 10,
185-188.

Eppler, W.F. (1971) Some Rare Mate-
rials. Journ. Gemm. 12, #7, 256.

Howie, R.A. (1955) The Geochemistry
of the Charnockite Series of Mad-
ras, India.' Trans. Roy. Soc. Edin.
62,725.

Mason, B. (1962) Meteorites, P. 62.
John Wiley & Sons, New York.

Mitchell, R. K. (1953) A New Variety
of Gem Enstatite. The Gemmolo-

gist XXII, #265,145.
Mitchell, R. K. (1954) Some Further

Notes on Hypersthene-enstatite.
The Gemmologist, XXIII #280,
195-196.

Mitchell, R. K. (1954) Some Notes on
Unusual Gems. Journ. Gemm., 4
#5,2ll.

Parras, K. (1958) On the Charnockites
in the Light of a Highly Meta-
morphic Rock Complex in South-
Western Finland. Bull. Comm.
Geol. Finland # 181 ,l.

Sinkankas, J. (1955) Some Freaks and
Rarities Among Gemstones: Ensta-
tite-Hypersthene from India. Gems
& Gemology, 8, #6, 197-202.

Sinkansas, J. (1959) Gemstones of
North America, 434-436. Van
Nostrand Reinhold.

Trumper, L. C. (1954) Distinguishing
Kornerupine from Enstatite. The
Gemmologist XXIII, #276;
125-127.

122 GEMS & GEMOLOGY


