
































22 CRITERIA FOR THE RECOGNITION OF HEAVY MINERALS

THE MINERAL IS ANISOTROLIC, COLORED, BIAXIAL
2Y LESS THAN 45o, NEGATIVE

GLAUCOPHANE Monoclinic. Habit prismatic; short
stumpy ecrystals. Similar to hornblende in physical characters.
Cleavage good parallel to (110). Fracture uneven. Extinction
practically parallel (3° to 11°) to the vertical erystallographic
axis in the obtuse angle beta. Color blue to bluish-black. Pleo-
chroism marked and characteristic; (alpha colorless, beta bluish-
violet, gamma blue). Relief high, alpha=1.621, beta=1.638,
gamma=1.639. Birefringence high. Elongation positive. Op-
tically biaxial negative. 2V=45°, 2E=85°. Optic axial plane
parallel to (010). Negative acute bisectrix practically normal to
(100). In sediments, glaucophane commonly occurs as rounded
or irregular prismatic grains of decided purplish-blue color with
distinet pleochroism. Abraded cleavage plates (110) are also
found. Grains often give interference figures. The mineral in
Mid-Continent sediments most easily confused with glaucophane
is blue tourmaline. The two minerals have almost exactly the
same color, pleochroism and relief, but tourmaline is uniaxial,
and might have inclusions. Glaucophane would probably have
better cleavage than tourmaline. Glaucophane is derived from
metamorphosed rocks, especially schistose types. It is common in
some of the California Tertiary, but rare in the Mid-Continent
sediments,

BIOTITE. Described under uniaxial, colored, negative.

THE MINERAL IS ANISOTROPIC, COLORED, BIAXIAL
2Y LESS THAN 450, POSITIVE

CHLORITE GROUP Monoclinic, pseudo-rhombohedral.
Habit pseudo-hexagonal plates with beveled edges; tabular, with
prominent basal plane. Structure foliated, massive, rarely crystal-
line. Cleavage perfect basal; cleavage flakes flexible. Extinction
practically parallel to elongation. Color pale green. Pleochroism
strong in deeply colored varieties, when the minimum absorption
always occurs in the direction of the cleavage, i. e., perpendicular
to the base. Relief low, alpha=1.585, beta=1.588, gamma=1.596.
Birefringence low. In ordinary light there is no extinction on
account of the strong dispersion; instead the color 1s darker blue,
changing to “ultra blue” in one direction and pale yellow in the
other. Elongation positive or negative. Biaxial 2E has a wide
range, but is usually nearly zero. The mineral often gives the in-
terference figure of an uniaxial species on account of the combined
effect of sub-microscopic twinning individuals. Plane of ‘the optic
axes usually parallel to (010). The acute bisectrix, which is per-
pendicular to the base (001), is usually negative, when rho is
greater than V, but sometimes positive, when rho is less than V.
Cleavage flakes of chlorite are common in sediments. In appear-
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ance, they somewhat resemble mica. Grains frequently exhibit in-
terference figures, which with color, pleochroism, low relief, very
low birefringence and strong dispersion aid materially in the iden-
tification of members of the chlorite group. If the specific gravity
of the bromoform is somewhat less than 2.9, as it generally is,
chlorite may appear in the heavy concentrate. The chlorites
have a much narrower optic angle than muscovite. Chlorites are
derived from phyllites, slates, and similar metamorphosed rocks.

MONAZITE Monoclinie. Crystals usually small tablets par-
allel to (100). Cleavage good parallel to (100), less commonly
parallel to (010) ; parting parallel to (001) sometimes perfect or
distinct. Extinction 4° with the principal (vertical) axis. Color
yellow, yellowish-brown, red. In thick sections, pleochroism dis-
tinet from light yellow to greenish-yellow. Relief high, alpha=
1.795, beta=1.796, gamma—=1.8411. Birefringence high. Elonga-
tion negative. Optically biaxial positive. 2V=24c, Plane of the
optic axes normal to (010), almost parallel to (100). Positive
acute bisectrix almost perpendicular to (001), the parting. In
sands, grains of monazite are usually rounded and lying on (001).
Such grains yield good interference figures. Monazite has a
smaller optic angle than olivine, and smaller optic angle, weaker
birefringence, weaker dispersion and different form than titanite.
Monaczite is derived from granites.

TITANITE Monocliniec. Crystals often wedge shaped and
flattened parallel to (001), but the forms are varied. Cleavage
distinet parallel to (110), difficult parallel to (100) and (112),
rare parallel to (111). Extinction inclined: gamma to “¢”’=51°;
alpha to “¢”’=39°. Color yellow, brown, ete., often varying in a
single crystal. Weakly pleochroic in brown and yellow tones.
Relief very high, alpha=1.900, beta—1.907, gamma=2.034. Bire-
fringence extremely strong. Elongation negative. Optic plane
parallel to (010). Positive acute bisectrix nearly normal to (102).
Optically biaxial positive. 2V=23c to 34°. Axial dispersion very
strong, producing colored isogyres. In sediments, rounded dia-
mond shaped grains are common, also irregular subangular cleav-
age fragments, both types often presenting dusky interiors due
to decomposition. Pleochroism usually poor and brown colora-
tion often much bleached. Some varieties of titanite traversed by
a complex network of cracks due partly to fracture and partly
to bad cleavage. Grains often give good interference figures,
and this fact, together with the strong dispersion in titanite, aids
in separating it from staurolite. Titanite is widely distributed
in rocks of all kinds, particularly in crystalline schists and
gneisses.

BROOKITE Orthorhombic. Crystals of variable habit.
Cleavage in traces parallel to (110) and (001). Extinction par-
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allel. Color brown to black, sometimes weakly pleochroic. Re-
lief very high, alpha=2.5832, beta=2.5856, gamma=2.7414. Bire-
fringence very high. Elongation positive or negative. Optically
biaxial positive. 2E=0° to 55°, Positive acute bisectrix always
normal to (100). In many crystals the plane of the optic axes is
parallel to (001) for red and yellow light, and parallel to (010)
for green and blue light. The interference figure for white
light is a combination of these, that is the axial dispersion is so
strong that the interference figure looks as a biaxial positive fig-
ure would look with the gypsum plate inserted. The mineral is
uniaxial for a certain yellowish-green tint. In some crystals the
plane of the optic axes is parallel to (001) for light of all colors.
Cleavage fragments might give an axial bar figure ror one color.
The peculiar optical orientation and extremely strong dispersion
aid in distinguishing brookite from rutile. In sediments, grains
are usually subangular and irregular, sometimes occurring as
tabular flakes of a distinctive yellowish-brown color. Sources of
derivation are salic igneous and crystalline metamorphic rocks;
it may also be derived in situ from the decomposition of a ti-
tanium bearing mineral. Brookite is a rare mineral in sands.

THE MINERAL IS ANISOTROPIC, COLORED, BIAXJAL
2Y GREATER THAN 450, NEGATIVE

CYANITE. Described under colorless, biaxial negative
large 2V.

HYPERSTHENE Orthorhombic. Habit prismatie, usually
elongated parallel to “c”; sometimes flattened parallel to (100)
or (010). Cleavage distinct parallel to (170), fair parallel to
(100) and (010). Extinction parallel. Color yellowish-brown,
dark brown, grayish-black. Pleochroism marked in more ferri-
ferous varieties, in pink and green tints. Relief high, alpha=
1.692, beta=1.702, gamma=1.705. Birefringence low. Elonga-
tion positive. Optically biaxial negative. 2V=90°. Plane of the
optic axes parallel to (010). Negative acute bisectrix normal to
(100). 1In basal sections (which show sharp cleavage lines at
angles of approximately 90° with each other) orthorhombic
pyroxenes show emergence of a bisectrix, whereas monoclinic
ones show emergence of an optic axis. In a grain elongated
parallel to “¢” (and therefore showing cleavage lines parallel to
the longer dimension) the elongation will be positive, as gamma
is parallel to “c.” Not a common mineral in sediments as a rule,
though it may occur locally under suitable conditions, when it as-
sumes a ragged, prismatic character, usually pleochroic, often
full of minute inclusions. Very rare in Mid-Continent sediments,
but common in some of the California Tertiary sediments. Hy-
persthene is derived from basic and ultra basic igneous rocks.

HORNBLENDE Monoclinic. Habit prismatic, usually elon-
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gated parallel to the vertical axis ; sometimes in short well formed
crystals. Cleavage perfect parallel to (110); less distinct parallel
to (100) and (010). Cleavage traces in sections normal to prism
zone intersect at angles of 56° and 124°. Fracture uneven, sub-
conchoidal, frequently at right angles to prismatic cleavage. Ex-
tinction angle approximately 15°. Color green, greenish-blue,
brown or black; sometimes colorless or gray. Pleochroism
marked, maximum absorption in direction parallel to principal
axis of crystal. Has many inclusions but none that are charac-
teristic. Relief high, alpha=1.689, beta—1.643, gamma=1.656.
Birefringence low. Relief and birefringence increase with the
percentage of iron. Elongation positive. Optically biaxial nega-
tive. 2V=59c to 84°. Optic axial plane parallel to (010). Nega-
tive acute bisectrix inclined at low angle to normal of (100). In-
clined dispersion distinct, with rho less than V. Cleavage frag-
ments parallel to (100) should give an acute bisectrix figure
slightly off center. Hornblende grains, in sediments, usually angu-
lar or subangular, often of a bleached yellowish-green color. Slen-
der brown or green cleavage fragments are also common. Extine-
tion angle varies from 5° to 20°. Marked pleochroism, extine-
tion angle and amphibole cleavage serve to distinguish horn-
blende from augite. Hornblende is common in California Ter-
tiary sediments. Its occurrence in Mid-Continent sediments is
confined almost entirely to limestones and dolomites. Horn-
blende is derived from igneous and metamorphic rocks.

EPIDOTE Monoclinie. Crystals nearly always elongated
parallel to the “b” axis; faces in this zone striated parallel to “b.”
Cleavage very good parallel to (001), imperfect parallel to (100).
Extinction angle about 5°. Color pistachio green, sometimes yel-
low or nearly colorless. Sometimes weakly pleochroic in yellow-
ish and brownish tones. Relief high, alpha=1.729, beta=1.768,
gamma=1.754. Indices vary with the percentage of iron present.
Birefringence strong, giving third and fourth order interference
colors. Elongation positive or negative. Optically biaxial, neg-
ative. 2V=88°. Plane of the optic axes parallel to (010) and
therefore perpendicular to the basal cleavage. Cleavage flakes
give an interference figure consisting of an axial bar and con-
centrie rings, due to the emergence of an optic axis. Fragments
are irregular or prismatic, with parallel extinction. Transverse
sections, give inclined extinction. Epidote may be recognized by
its pistachio green color, irregular and rather angular grains,
high relief, brilliant interference colors and axial bar interfer-
ence figure. Epidote is confined, among Mid-Continent sedi-
ments, almost exclusively to limestones and dolomites. Epidote
is furnished to sediments by crystalline metamorphic rocks,
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especially altered impure limestones, and by altered igneous rocks
originally rich in ferromagnesian minerals.

THE MINERATL IS ANISOTROPIC, COLORYED, BIAXIAL
2V GREATER 'THAN 450, POSIELYE

STAUROLITE Orthorhombie. Crystals short prisms with
base and brachypiacoid. Cruciform twins common. Cleavage
good parallel to (010), in traces parallel to (110). Fracture sub-
conchoidal, “hackly.” Extinction parallel in prismatic sections.
Color deep reddish-brown, brownish-yellow, brown. Pleochroism
moderate, brown to straw-yellow. Inclusions, especially quartz,
common, arranged symmetrically or in subparallel bands. Inclu-
sions of garnet, tourmaline, rutile, biotite and carbonaceous mat-
ter have all been observed ; such inclusions usually more common
in the deeper colored varieties. Relief high, alpha=1.736, beta=
1.741, gamma=1.746. Birefringence low. Elongation positive.
Optically biaxial positive. 2V=89°, Optie axial plane parallel to
(100). Positive acute bisectrix normal to (001). Axial disper-
sion weak. Sections at right angles to an optic axis give a figure
consisting of a straight bar, due to the wide optic angle, but
grains giving an interference figure are extremely rare. Well
crystallized grains in sediments are comparatively rare. When
present, they are irregular or somewhat nlaty, determined by
cleavage, and have marked hackly fracture. Intensity of pleo-
chroism varies greatly. Staurolite in limestone is sometimes
filled with carbonaceous matter, rarely arranged regularly (as in
chiastplite). Grains may decompose superficially to a form of
chlorite or mica. Staurolite may be distinguished from titanite
by the following criteria: grains of staurolite giving an interfer-
ence figure are extremely rave; staurolite typically has more in-
clusions than titanite; staurolite has much less dispersion than
titanite. Staurolite generally is lighter in color than rutile, and
has lower birefringence. Rutile is uniaxial. Staurolite may be
derived from crystalline schists and contact metamorphic rocks.
It may be associated with garnet, cyanite and sillimanite, both in
the metamorphic rocks, and in the sediments derivéd therefrom.

AUGITE Monoclinic. Crystals usually short, thick prisms;
often coarsely lamellar parallel to (001) or (100). Cleavage good
parallel to (110) more rarely parallel to (100), meeting roughly
at 90° angles. . Fracture uneven. Extinection position 88°¢ to 54¢

from the “c¢” axis. Color green, greenish-black, brown; rarely’

colorless. Thin fragments are only slightly pleochroiec, if at all.
Relief very high, alpha=1.698, beta=1.704, gamma=1.723. Bire-
fringence rather strong. Elongation positive or negative. Optically
biaxial positive. 2V=59° to 62°. In sections showing parallel ex-
tinction, the plane of the optic axes is parallel to (010). In oli-
vine it is parallel to (001). Acute bisectrix inclined 38 to 54°
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with the “¢” axis. Grains usually either rounded prism'atic.
forms, or irregular cleavage fragments. Fragments have bright
interference colors, large extinction angles, and often _show the
emergence of an optic axis. The very weak, or lacking, pleo-
chroism of augite usually distinguishes it from hornbler}de.
Augite is very rare in Mid-Continent sediments. Intermediate
and basic igneous rocks serve as possible sources of augite.

OLIVINE Orthorhombic. Crystals often flattened
parallel to (100) or (010). Cleavage good parallel to (010) and
(100). TFracture conchoidal. Grains elongated parallel to the
principal axis give parallel extinction. Color olive-green; by
alteration yellow, brown or red; also colorless. Non-pleochroic.
Relief high, alpha=1.662, beta—1.680, gam_ma_=1.699. Bire-
fringence high. Elongation positive or negative. Optically bi-
axial. Plane of optic axes parallel to (001). Acute bisectrix
either . normal to (010), when crystal is negative, or normal to
(100), when crystal is positive. Fragments irregular and colo_r-
less with bright interference colors. Olivine usually occurs in
sediments as irregular and much fractured grains, showing traces
of decomposition, and giving good axial bar interference figures.
Olivine is a comparatively rare detrital mineral and is ugually
found in such deposits as shore or dune sands occurring in the
vicinity of ultra basic rock masses. It is derived from basic and
ultra basic igneous rocks.

One set of indices only has been assigned to minerals 1_:hat
are included in important mineral groups, such as garnet, spinel,
tourmaline, epidote, biotite, chlorite, hornblende, augite and
olivine. - The indices of none of these groups are fixed; beta alone
ranges in the olivine series from about 1.652 to abo.ut 1.88. The
student should consult the standard texts for indices, in these
mineral groups, other than those given in this paper.’

Identification of minerals by means of immersion ﬂui_ds is
the most rigorous method that has ever been devised, as it re-
quires less guess work and less exercise of individual judgment.
This method should, by all means, be used whenever sufficient
material is available. Unfortunately, the material is, at best, not
abundant, so that the use of the fluids requires much time and
very skillful manipulation. The student should not begrudge
the time thus spent, particularly when he is first learning his
minerals, as the accurate determination of the indicqs is 'qhe only
method yet devised to make certain his mineral identifications.
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PLATE L
HEAVY MINERALS IN SIMPSON SANDSTONE

473 fect from lop of Simpson, SW, 34 sec. 21, T. 2 S, R. 1 E.

T=Tourmaline, all colors ...... 75%

Z=ZArcon . ..., 25%

Q=Quartz ...................
PLATE 1I.

HEAVY MINERALS IN REAGAN SANDSTONE

West Timbered Hills, sec. 19, T. 1 S, . 1 I8,

Z=Zircon ..........c..u..n.. 85%
An=Anatase .. .............. 10%
Tourmaline fragments .... 1%
Rutile .................. 1%
Staurolite ............... 1%
Topaz .. ................ 1%
Epidote ................. 1%
Glauconite .. ............
Chlorite .. ..............
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PLATE II
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PLATE 111
HEAVY MINERALS IN SIMPSON LIMESTONE

1603 fcet from top of Simpson, sec. 21, 1. 2 8., R. 1 E.
Rock is eomposed of 784 lime, 129, sand.

Z=Rounded zircon .............. 32%
Black opaque ................ 27 %
T=Rounded tourmaline .......... 12%
G=Garnet ............. . ... ..., 9%
Staurolite ................... 8%
Euhedral zireon .. ........... 5%
E. T.=Euhedral tourmaline ......... 3%
Anatase .............. .. ..., 2%
“X"”=Unknown “X” (new mineral).. 2%
Apatite .. ............. e Prgseut
PLATE 1V.

HEAVY MINERALS IN SIMPSON GREEN SHALE

4697 fcet from top of Simpson, NIT. 14, sec. 20, T. 1 S, R. 1 E,

Z=Zircon, rounded and euhedral
G=Garnet, colorless and pink
Rutile
Staurolite
T=Tourmaline, rounded and euhedral
To=Topaz
Ep=Epidote
Titanite
Augite
Hornblende
Anatase
Brookite
Wollastonite
Glaucophane
Augite
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INDEX TO SPECIES

Anatase - e 15
Andalusite - mm 19
Anhydrite . _________ e 19
Apatite 13,15
Aragonite ________ __ . e 17
Augite e 21, 26
Barite ____ e 18
Biotite - e 15, 22
Brookite _______________ el 23
Chlorite e 22
Corundum e 14,15
Cyanite . . e 19, 24
Epidote __ e 20, 25
Bucolite __ e 13,14
Budialyte __ e A e 14,16
Fluorite ___ L e 13
Garnet _ 13
Glaucophane . . e 22
Hornblende __ . _ e 24
Hypersthene ________ ___ e~ 20, 24
Ilmenite . e 13
Magnetite . o 13
Monazite ___ e 23
Musecovite 20
ONVINe _ . 21,27
Pyrite e 13
Rutile ___ e 16
Sillimanite __ e 18
Spinel o o 13
Staurolite ___ . e 26
Titanite __ . e 23
O D e e e et 21
Tourmaline _ ..t e 15
‘Wollastonite . ____ 17
Xenotime . _ e 16
ZiTCOM L o e e 14, 16
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