


20 Detailed Description of the Common Rock-Forming Minerals

JIREFRINGENCE. Maximum birefringence is very extreme
(0.285-0.296), and even basal sections show high-order inter-
ference colors in the slightly convergent light of orthoscopic
illumination. Interference colors appear essentially indepen-
dent of thickness or crystal orientation and form a very high-
order uniform white, usually masked by inherent mineral
color.

TWINNING. Twinning is most common on {011}, yielding
highly varied forms that may be simple contact (knee-shaped
twins), cyclic (sixlings or eightlings), or, rarely, polysynthetic.
Glide twinning is also known on {092}, and simple contact
twins form, rarely, on {031}.

ZoNING. Color zoning due to composition change may be
anticipated, but birefringence is uniformly extreme. Rutile it-
self may be zonally included in ilmenite, biotite, and quartz
and is also the cause of the misty “blue quartz” of granulities.

INTERFERENCE FIGURE. Interferénce figures commonly show a
uniaxial cross on a field of many isochromes, and the entire
field is often deep to pale red-brown, due to inherent mineral
coloration.

OPTICAL ORIENTATION. Elongated crystals show parallel ex-
tinction and positive elongation (length-slow), which may be
difficult to detect due to extreme birefringence.

DISTINGUISHING FEATURES. Red-brown color, extreme relief,
and extreme birefringence are diagnostic. Cassiterite and bad-
deleyite (ZrO,) have much lower birefringence. Anatase and
hematite are optically negative, brookite is biaxial, and
limonite is isotropic.

ALTERATION. Rutile is a very stable mineral and is itself a com-
mon alteration product of other Ti-bearing minerals. Rutile
rarely alters to sphene, leucoxene, or anatase.

OCCURRENCE. Rutile is more common than the other TiO,
polymorphs, anatase and brookite; it is the dense, high-

temperature, high-pressure polymorph that occurs in both
igneous and metamorphic plutonic rocks.

In igneous rocks, rutile appears as small accessory crystals
or grains. It is common in hornblende-rich rocks, anorthosite,
eclogite, pegmatites (granite and basic), and in quartz veins.

Rutile appears in many metamorphic rocks especially
schist, gneiss, amphibolite, and marble.

Sedimentary rocks may contain rutile as tiny needles in
recrystallized shales or as common detrital grains. Rutile is
also a common alteration product of Ti-rich minerals (for
example, ilmenite, sphene, and perovskite).

Leucoxene is largely fine-grained rutile.
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replace two AI** or Fe** to form ilmenite, and symmetry

drops o I from 3 2/m. A magnesium isomorph. geikielite,
MgTiO;. and a manganese isomorph. pyrophanite, MnTiO,
are known. IImenite, FeTiO;, commonly contains significant
MgO and-or MnO and probably forms complete solid sol-
ution with both magnesium and manganese end members.
IImenite usually contains a few weight percent Fe,O, in par-
tial solid solution above 1050 C. At lower temperatures,
exsolution occurs, and ilmenite commonly shows lattice-type
intergrowth, with hematite on the basal planes [0001} and
with magnetite on the {111 magnetite planes

PHYSICAL PROPERTIES. H = 5-6. Sp. Gr. = 4.70-4.79 (ilmen-
ite = 4.79, geikielite = 4.05, and pyrophanite = 4.54). Color
in hand sample is iron-black. Streak is black or reddish, if
rich in Mg-Mn.

COLOR AND PLEOCHROISM. In standard thin section, ilmenite
is totally opaque. Very thin fragments may show deep red on
thin edges. Geikielite, MgTiO3;, and pyrophanite, MnTiO;,.
are somewhat more transparent and show reddish-violet and
red-orange respectively on thin edges. limenite shows whitish-
gray in reflected light.

FORM. Ilmenite commonly occurs as thick tabular crystals,
as anhedral masses imbedded in igneous or metamorphic
rocks, or as opaque sand grains. In thin section, ilmenite grains
are anhedral or lamellar plates with long rectangular outline.
IImenite also commonly shows skeletal forms in thin section.

CLEAVAGE. None: however, ilmenite may show distinct par-
ting on either {0001} or '10T1} due to twinning. Geikielite
shows good rhombohedral cleavage {10T1! and pyrophanite
shows cleavage perfect on {0221 and good on {1012}

BIREFRINGENCE. Only very thin edges transmit any light. Only
red light is transmitted with very large birefringence.

TWINNING. llmenite may show simple twinning on or
repeated lamellar twinning on (1011},

DISTINGUISHING FEATURES. llmenite is an opaque mineral that
is white to gray in reflected light. Reflected light may also
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reveal partial alteration to a whitish aggregate called leuco-
xene, which is distinctive. llmenite is most likely to be confused
with magnetite, which is strongly magnetic and isometric,
commonly showing squares, triangles, diamonds, and other
octahedron sections, in contrast to the long rectangular or
skeletal sections of ilmenite. Graphite is an opaque mineral
that is soft and of limited occurrence.

ALTERATION. The alteration product of ilmenite 1s called few-
coxene and is a fine-grained aggregate of one or more titantum
oxides. Rutile is most common, but leucoxene may contain
only anatase or brookite or may represent a mixture with
rutile. In thin section, leucoxene appears opaque. or nearly so.
but in reflected light, it is white to grayish, yellowish, or red-
brown, due to the presence of various ferric oxides.

OCCURRENCE. Although some anorthosite rocks may contain
very large amounts of ilmenite, it is most common as an
opaque accessory in a wide range of igneous and metamorphic
rocks, especially gabbroic varieties, where it is associated more
with pyroxenes than olivines.

Ilmenite is quite common in ore veins, where it appecars
most commonly with chalcopyrite and pyrrhetite. It is also a
constituent of some pegmatites. Sandy sediments often con-
tain weather-resistant ilmenite grains, and some black beach
sands are largely ilmenite. Ilmenite is often intimately asso-
ciated with hematite or magnetite as lattice-type intergrowths.
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