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PREFACE TO THE FIRST EDITION

TH1s Handbook addresses itself, in the first place, to beginners
in Field Geology, but I hope it may be found useful also to
students who are preparing for professions in which some
knowledge of Structural Geology is of practical importance.
The amount of geological training demanded varies, doubt-
less, with the nature of the profession. Mining engineers,
for example, must acquire a knowledge of many details
which civil engineers, architects, agriculturists, and public
health officers can afford to neglect. Nevertheless, if
Structural Geology is to be of service to a professional man,
it must be studied in a systematic manner. Without an
intelligent appreciation of the subject as a whole, it is very
hard or well-nigh impossible to gain an adequate working
knowledge of any particular part. In the following pages,
therefore, the subject is set forth mainly from the point of
view of pure science. The student of applied science,
however, should have little difficulty in distinguishing between
matter -of general interest, and that which is of special
importance to him, as bearing directly on his own professional
pursuits. To help in this discrimination two sizes of type
have been employed—the smaller type being commonly
reserved for details or discussions of import mainly or
exclusively to students of pure science. With regard to the
matter in larger type, the intelligent student will use his own
discretion. To others than mining men, for example, the
chapters dealing with ore-formations will not call for much
studiops consideration. Again, neither civil engineers, public

heaE officers, nor agriculturists may ever be called upon to
vil
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make a geological survey of any district. Intending pro-
fessional men will be ill-advised, however, if they do not
take the trouble to understand the methods of observation
employed in Field Geology, for such knowledge will often be
of considerable service in their future careers. To mining
and civil engineers, especially, an acquaintance with the
methods of geological surveying and map-construction cannot
fail to be invaluable, while agriculturists and public health
officers ought assuredly to know enough of the subject to
understand and interpret a geological map. I may be
allowed to add, that at the University of Edinburgh we have
found no difficulty in teaching Structural and Field Geology
to mixed classes of students of pure and applied science.
The present Manual may be said to cover the ground gone
over in our Summer Course of Geology—a course instituted
some twenty years ago to meet the requirements of students
desirous of obtaining a fuller knowledge of Practical Geology
—more especially field-work—than could be presented in the
general systematic course given in winter.

The Plates which illustrate this volume have been derived
from various sources. A number are reproduced from
unpublished photographs taken by Mr R. Lunn for H.M.
Geological Survey. Permission to use these was obtained
from the Board of Education through the kind offices of Dr
Teall, Director of the Geological Survey, and Dr Horne,
Assistant Director. No one can be more sensible than
myself that these illustrations give an interest to this work
which it would not otherwise possess. To my former
colleague and lifelong friend, Dr Peach, I am indebted for the
coloured section which accompanies one of these plates.
Plates X.and XXVI.are reproduced, by the courteous permis-
sion of the Controller of H.M. Stationery Office, from published
memoirs of the Geological Survey. My friend and former
assistant, Dr Flett, now of H.M. Geological Survey, was good
enough to supply me with the photograph reproduced on
Plate XXXIII., as well as with others which only the limited
scope of my book has prevented me using. I am also under
many obligations to him for reading some of my proof-sheets,
and making various helpful suggestions. To another,friend
and former pupil, Dr Laurie, I am similarly indebted ?Sl;)thc
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photographs reproduced on Plates XX VII. and LXV., which
were taken on one of the excursions of my Summer Class.
Mr Francis J. Lewis, of the University of Liverpool, whose
investigations into the structure and history of the peat-bogs
of Britain promise to be of the greatest interest and import-
ance to botanists and geologists, kindly put at my disposal
several characteristic photographs of peat-bogs, from which I
selected the illustration that appears in Plate LIV. Unless
when otherwise stated, all the other Plates are reproductions
from photographs of specimens in my own Class-Museum,
taken under the superintendence of Dr J. D. Falconer, formerly
my assistant and now Director of the Mineral Survey of
Northern Nigeria. I may add that many of the illustrations
in the text were drawn for me by my son, Mr W. Cranston
Geikie.

EDINBURGH, April 15, 1905.
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STRUCTURAL AND FIELD
GEOLOGY

CHAPTER I
ROCK-FORMING MINERALS

Oxides—Quartz and its varieties; Opal; Specular Iron; Ilmenite ;
Magnetite ; Limonite ; Rutile ; Zircon ; Spinelloids ; Corundum ;
Pyrolusite, Psilomelane, and Wad. Silicates—Felspar Group ; Fels-
pathoid Group.

BEFORE the phenomena presented by the framework of the
carth’s crust can be fully appreciated, one ought to have
some knowledge of rocks and their various constituents.
This is all-important for the student who is specialising in
geology. For others who wish merely to obtain such aid in
their several occupations as this science can supply, a more
moderate acquaintance with minerals and rocks than the
geologist requires may suffice, and it is for this class of
students more especially that the following descriptions have
been written. In these introductory chapters, therefore,
special attention is paid to macroscopic or megascopic char-
acters—those, namely, which may be observed in hand-
specimens, with or without the help of a pocket-lens. As it
is hoped, however, that some readers may be sufficiently
interested to wish to know more, a few notes in smaller type
have been added, giving further details and describing char-
acters which can only be studied in thin slices under the
microscope. It is quite a mistake to suppose that any great
knowledge of mineralogy is required to enable one to deter-
mine the essential ingredients of a fine-grained rock in this
way. \Yith ordinary application one may in a short time

A
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acquire sufficient skill to diagnose microscopically all the
more commonly-occurring rocks—those, namely, which are
likely to come under the notice of architects, civil engineers,
agriculturists, and others.

The rock-forming minerals are not a numerous class, and
only a few are of pre-eminent importance. For example,
the essential mineral constituents of the most abundant and
widely distributed igneous rocks may be counted on the
fingers. The components of common schistose rocks, and of
the great class of derivative rocks, are even fewer in number.
When the student is able to determine some twenty minerals
under the microscope, he should have little difficulty in
diagnosing most of the fine-grained rocks that he is likely to
meet with. Slight though this knowledge may be, it will yet
enable him to apprecciate what petrographers have to say as
to the genesis of crystalline igneous and schistose rocks, and
will undoubtedly aid him in his own field-observations.

For convenience of description, the common rock-forming
minerals have been grouped under the following heads:
Oxides, Silicates, Haloids, Sulphides, Carbonates, Sulphates,
Phosphates, and Elements. As the minerals included under
these several heads are of very unequal importance, the
descriptions of the less significant species are given in small
type.

Rock-Forming Minerals
I. OXIDES

By far the most important rock-forming oxide is silica,
next to which come various oxides of iron. The other oxides
here described are of less frequent occurrence—some two or
three being hardly entitled to rank as true rock-formers,

Quartz is chemically pure silica (SiO,). It is harder than
any other common rock-former, being 7 in the scale of hard-
ness.* The minerals which are much harder than quartz
play a very subordinate part in rocks, the only species that
need be mentioned here being spinel and corundum. Quartz
has a specific gravity of 2.65, and when it assumes a crystalline
form, appears most frequently as hexagonal prisms terminated
by corresponding pyramids (see Fig. 1). Most minerals can

* See Appendix B.
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of a large number of sedimentary rocks. These, as we shall learn, are
simply residual products—that is to say, they have been derived from
the disintegration and degradation of pre-existing rock-masses ; and
quartz, in consequence of its superior durability, its great abundance,
and wide distribution, naturally forms a dominant ingredient of con-
glomerates, greywackés, sandstones, etc.

In coarsely crystalline rocks, quartz, even when it shows
no external crystalline form, is quite readily recognised by
its other physical characters—namely, by its hardness, its
conchoidal fracture and absence of cleavage, its vitreous lustre,
and the lack of any trace of decomposition. In coarse-
grained granite, for example, it appears like a kind of
transparent cement, filling up the straggling spaces between
the other mineral ingredients, which it thus seems to bind
together. In certain other eruptive rocks, as in quartz-
porphyry, pitchstone, etc, it often occurs as conspicuous,
corroded, but occasionally well-formed crystals, disseminated
through a groundmass of fine-grained materials (see Plate
IV. 4). The best-developed quartz crystals met with in
eruptive rocks, however, are found in certain curious irregular
cavities which frequently appear in granite. The walls of
such cavities are usually lined with fine crystals of the
several mineral constituents of the rock, amongst which
hexagonal prisms and pyramids of quartz are commonly
prominent (see Plate XI. 2).

In finely crystalline rocks, the presence of quartz can only be
determined by microscopic examination. In thin slices it appears
limpid, water-clear, and quite unaltered. It shows no trace of cleavage,
but is traversed by numerous irregular cracks. The surface appears
smooth, and neither bounding edges nor internal cracks are pronounced.
When crystals of the mineral are present (as in quartz-porphyry), they
usually show lozenge-shaped outlines with rounded angles. According
to the thickness of the slice, and the direction of the section, the polari-
sation colours vary in intensity, but, since the mineral has weak double
refraction, they are always low.

Enclosures of other minerals are common in quartz. [In large crystals
these are often visible to the naked eye (see Plate 1. 2).] Under the
microscope even the smallest granules of the quartz of eruptive rocks,
such as granite, may appear crowded with inclusions of rutile, apatite, and
other minerals. The quartz of granite also usually contains numerous
minute fluid cavities, more or less irregularly disseminated through the
mineral, while the quartz of pitchstones, rhyolites, and quartz-porphyries
frequently encloses minute quantities of glass or stone (see Plate IV. 4),
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The chief varieties of quartz are the following :—Rock-crystal, water-
clear ; Awanturine, rock-crystal, abundantly spangled with enclosed
scales of mica or other minetal ; Amethystine Quartz, violet-coloured
rock-crystal ; Swmoky Quarlz includes dusty-brown to bl.ack (Morz’or.;)
and paler brown to yellow (Cairngorm) rock-crystal ; Milky Quarts is
milk-white and nearly opaque, with a somewhat greasy lustre ; C‘oﬂ{mon
Quartz, not transparent, white, but occasionally coloured, sometimes
occurs with crystalline form, but is usually massive.

Chalcedony (SiO,) is a secondary mineral, which may occur in almost
any kind of siliceous rock. It frequently lines or fills vesicles, fissures,
and other cavities in igneous rocks, and is common in metalliferous
veins or lodes. It is translucent, and has a somewhat waxy lustre.
The colour varies, the commoner kinds being white or grey, but brown
or black, and yellowish-green and blue varieties are known. It frequently
shows a banded structure, 'and often assumes nodular, mammillary,
botryoidal, reniform, or stalactitic shapes, being obviously in such cases
a deposition from aqueous solution. When a thin slice of a spherical
concretion is seen under the microscope, chalcedony exhibits a finely
fibrous radiating texture, and between crossed nicol prisms shows a
black cross, which remains stationary while the slide is being rotated.
The optical characters of the fibres prove that chalcedony is a separate
mineral species, not a variety of quartz. Under chalcedony are included
the following :—Carnelian, translucent red ; Chrysoprase, apple-green ;
Plasma, dark leek-green, but when spotted with carnelian known as
Heliotrope or Bloodstone,; Agate, essentially a variegated chalcedony
the colours being either banded or in clouds, or due to visible impurities,
but sometimes in part quartz or opal. In Banded Agate the layers are
wavy or zigzag, or concentric and more or less spherical, according to
the conditions of deposition, and the shape of the cavity occupied by
the mineral (Plate I. 1). In Clouded Agate the variously coloured
portions are irregularly distributed. When visible impurities in a
chalcedony assume moss-like or dendritic shapes, we have the variety
known as Moss Agate. Onyx is an agate in which the coloured layers
occur in even planes ; when one of these is dark brown, overlaid by a
bluish-white layer, the mineral is used for cameos—the figure being
carved in the white layer, while the dark layer serves for a background.
Sardonyx is an onyx consisting of alternate layers of carnelian and
opalescent chalcedony. The term Jasper has been applied both to
opaque red or brown varieties of chalcedony, and to finely crystalline
aggregates of quartz intimately mixed with red or yellow hydrates of
iron. Flint is allied to chalcedony, consisting of cryptocrystalline silica,
but rendered opaque owing to abundant impurities ; it has a marked
conchoidal fracture. Cker¢ (including Hornstone) differs little from
flint ; the fracture is splintery rather than conchoidal. Flint and chert
occur chiefly in calcareous rocks, in the form of nodules, layers, or
irregular concretions.

Opal is an amorphous mineral (7.¢., devoid both of external crystalline
form andy internal crystalline structure). It is composed of silica, with
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a variable proportion of water (usually from about 3 to 10 per cent.);
the specific gravity of the mineral (1.9 to 2-3) is somewhat less than
that of quartz, and the same is the case with the hardness (55 to
6-5). The texture is colloidal or jelly-like, and the lustre vitreous to
resinous. The colour varies—it may be white, red, brown, yellow, green,
or blue, and some kinds show a rich play of colours. Opal usually occurs
in reniform, botryoidal, or stalactitic masses, occupying any irregular
cavity in rocks. In all cases it is of secondary origin—that is, it has
been subsequently introduced as a product of decomposition. Many
varieties are recognised, among which the following may be mentioned :
Stliceous Sinter or Geyserite, deposited from thermal waters, often loose
and carthy ; Hyalife, usually water-clear, colourless, but sometimes white
or translucent—it occurs in the joints, fissures, and vesicular cavities of
some basalts ; Noble or Precious Opal, with a rich play of colours, met
with in irregular cavities in trachyte, ctc. ; Common Opal, translucent,
but showing no play of colours, occurs in veins, fissures, ctc., in igneous
rocks ; Semi-Opal is less translucent than common opal ; Jasp-Opal is red
or brown in colour ; Menilite is an opaque greyish or brown concretionary
opal, occurring occasionally in argillaceous rocks.

Weathering of Quartz, Chalcedony, and Opal.—WHhile the crystallised
varieties of silica remain practically unaffected by the chemical action
of percolating water, the cryptocrystalline and amorphous forms are not
so resistant, but frequently ¢ weather ” with a white crust.

Specular Iron or Hamatite, oxide of iron (Fe,O,), crystallises in
hexagonal (trigonal) forms, commonly combinations of rhombohedra and
scalenohedra. It has‘a hardness of 55 to 6-5, and ‘a specific gravity of
519 to §-28 ; crystals are bluish iron grey in colour, while fibrous forms
are usually brownish-red. The mineral yields a red powder when rubbed
with a steel file. This red streak and the absence of magnetism distin-
guish specular iron from magnetite. It occurs both crystalline and
massive. The crystalline variety is common in veins, and is often
accompanied by magnetite. Not infrequently it occurs as an ingredient
of granite, syenite, gneiss, mica-schist, phyllite, etc. It is met with in
many minerals as a microscopic inclusion (endomorpk), in the form of
minute filmy plates or scales, the presence of which affects the colour
of the including mineral (perimorpk), and often imparts to it a kind of
pearly or submetallic glimmer or iridescence. Now and again it has been
developed in limestones at or near their point of contact with eruptive
rocks. It occurs as a sublimation-product in volcanic regions.

The more compact or cryptocrystalline varieties of hamatite usually
occur as veins, irregular beds, and masses. KZdney-ore is the name
given to nodules and nodular masses, which often consist of concentric
coats having a radiating fibrous structure. Hzmatite frequently occurs
in decomposing igneous rocks as an alteration-product of ferromagnesian
minerals, and it often coats the faces of joints in these and other ferriferous
rocks. It is probable, however, that the ferruginous mineral commonly
seen on joint-faces is in many cases not true haematite, but Aydro-hamatite
or Turgife, which contains a small percentage of water—only scper cent.
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In other respects it is so closely similar to hamatite that it can only be
differentiated from the latter by analysis.

Ilmenite is an iron-black mineral, with metallic or submetallic lustre,
having the composition FeTiO,, and crystallising in rhombohedral forms.
It has a hardness of § to 6, a specific gravity of 4:56 to 5-21, and the
streak is black to reddish-brown. It is practically infusible before the
blowpipe, and is attacked only slowly by hydrochloric acid.

This mineral occurs as massive aggregates in certain plutonic rocks,
especially in gabbros. It is met with as an accessory ingredient in many
eruptive rocks (granite, syenite, gabbro, basalt, dolerite, andesite), and
also as a constituent of some crystalline schists.

As a rock-constituent ilmenite appears under the microscope either in
the form of rhombohedral crystals or as irregular grains and patches,
which are often hard or impossible to distinguish from similar aggregates
of magnetite, being like these, black, opaque, and showing a metallic
lustre. The mineral is frequently altered round its margins or even
throughout into a dull greyish-white opaque substance, known as
Leucoxene (see under 7ifanite).

Magnetite (Fe;0,) crystallises usually in the form of octahedra or
dodecahedra. It has a hardness of 55 to 6:5, and a specific gravity of
4-9 to 5-2. Its strong magnetism, black streak, and frequent occurrence
in octahedra, distinguish magnetite from all other commmon minerals, It
is iron-grey or black, like ilmenite, but hardly so infusible, while it is
soluble in hydrochloric acid. Ilmenite, again, weathers with a greyish
crust (leucoxene); magnetite, on the other hand, weathers brown (limonite).
Magnetite is a widely distributed rock-former, occurring as large and
small crystals in chlorite-schist and other foliated rocks. Now and
again it is found associated with such rocks in the form of massive beds
with a granular structure, throughout which chromite, ilmenite, pyrite,
chalcopyrite, etc., are often abundantly disseminated. While common
in acid igneous rocks, it is a still more frequent (usually microscopic)
constituent of basic igneous rocks. Occasionally in gabbros it occurs as
massive aggregates. Itis met with also as a secondary mineral in many
eruptive rocks—a product of the alteration of such ferromagnesian
constituents as olivine, augite, hornblende, and biotite. Magnetite and
ilmenite are the chief constituents of the “black sands” derived from
the disintegration of basic eruptive rocks, etc.

Limonite (2Fe,0,+3H;0) occurs as fibrous aggregates, assuming
nodular, stalactitic, or botryoidal forms, or as large irregular masses,
Its hardness is § or thereabout, but earthy varieties are softer—the
specific gravity=3-4 to 3-95. It is brown or yellowish-brown, and has a
yellow-brown streak. As a rock-constituent it is always a product of
alteration—derived from the decomposition of minerals which contain
iron. Limonite is itself amorphous, but is often met with filling the
moulds formerly occupied by other minerals, and thus assuming their
crystalline form (psexdomorphs).

Rutile (Ti0,) as a rock-former occurs usually as minute dark brown or
reddis.h grains, pointed prisms, and knee-shaped (Fig. 2) or heart-shaped
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twin-crystals, belonging to the tetragonal system. It is met with in
various schistose rocks (gneiss, mica-schist, phyllite, eclogite, etc,).
Needle-like crystals are also common in clay-slate and greywacké, and
are frequent enclosures in such minerals as rock-crystal (Plate I. 2) and
mica. As rutile is not readily attacked by the various agents of decom-
position, it often survives the destruction of the rocks of which it once
formed a part, and is thus of common occurrence as grains and pebbles
in sand and gravel. It is relatively hard and heavy ; its hardness being
6 to 6-5, and its specific gravity 4-2 to 4-3.
It is infusible before the blowpipe, and
insoluble in acids.

Zircon (ZrSi0,) as a rock-former can
rarelybedistinguished by thenaked eye. It
appears mostly in the form of small brown
crystals (tetragonal), enclosed in other
minerals. Although only sparingly pres-
ent, it has a wide distribution, occurring in
eruptive rocks of all kinds (but only rarely
in the basic kinds), as well as in crystalline
schists, especially gneiss. Larger crystals
are found in some kinds of syenite. Like
magnetite and rutile, zircon is not readily
decomposed, and is thus often met with in
quartz sands which have been derived
from the disintegration of rocks in which
the mineral occurs as a primary con-
stituent. The mineral isharder and heavierthan rutile—the hardnessbeing
7-5,and the specific gravity 4-5 to 4-7. It is infusible before the blow-
pipe, and insoluble in acids. Under the microscope it is distinguished by
its very high refractive index and strong double refraction. When
enclosed in certain minerals, in particular biotite, zircons are surrounded
by characteristic “pleochroic halos.” Fine, clear - coloured varieties
(Jacynth and Jargoon) are valued as gems.

Spinelloids.— These minerals crystallise in isometric forms, usually
simple octahedra, and are all (excepting chromite) very hard. Spinel
(MgALO,) has a hardness of 8, and a specific gravity of 3.6. Its
cleavage is imperfect. It is infusible, and not readily attacked by
acids. It varies in colour —red, yellow, blue, and green varieties
being known. It occurs in some schists and metamorphosed lime-
stones and dolomites. [The beautiful coloured transparent varieties
are in some request as gems—the red crystals being known as “spinel-
ruby” or “balas-ruby”; the golden-yellow or orange-red as
“rubicelle”; and the violet as ‘“almandine-spinel.”] Pleonaste is
a greenish-black to black magnesia-iron spinel. It occurs as an
accessory mineral in igneous rocks; it is found also in metamorphic
rocks, particularly in metamorphosed limestones and dolomites, and
is met with occasionally in the wenoliths (foreign rock - fragments)
enclosed in basalts, andesites, etc. Picofite is a dark brown to, black

F1G. 2.—CRYSTAL OF RUTILE
A knee-shaped (geniculate) twin,






PLATE IL

MICROSCOPIC STRUCTURE OF MINERALS AND ROCKs.
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1. Plagioclase showing Albite-twinning. Gabbro. Nicols crossed.

2, Plagioclase showing Albite- and Periclive-twinning. Diorite. Nicols crossed.

3. Twinned crystal of Sanidine (Orthoclase) in: psendo-spherulitic groundmass. Rhyolite. Nicols
crogsed.

4, Crystals of Sanidine (Orthoclase) showiny Carlsbad-twinning and fuxional arrangement, Trachyte.
Nicols crossed.
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Microcline with spindle-shaped twin lamelle. Granite. Nicols crossed.

2. Microcline with trellis-structure; shows inclusions of Quartz and weathered Orthoclase.
Granite. Nicols crossed.

3. Euhedral or ldiomorphic crystal of Hornblende in transverse section, with characteristic
outlines and cleavage. Above are crystals of Augite. Andesite,

. Anledral or Allotriomorphic Hornblende, with characteristic cross-cleavage. Basal sections

of Biotite (below) without cleavage. Dusty Felspar (above), enclosing two small prisms

of Apatite. Granite.

-

[Between pages 8 and 9.
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chrome spinel, often present in eruptive rocks rich in olivine (peridotites).
Chromite (FeCry0,) is a dark brown to black spinnelloid, of considerable
commercial importance. Its specific gravity (45 to 4-8) exceeds that of
spinel, but its hardness (5-5) is considerably less. This is the only mineral
from which salts of chromium are obtained for use in dyeing, tanning,
and the manufacture of paints. As a rock-constituent, it is a common
and often abundant ingredient of olivine-rocks and serpentine.

Corundum (AlL,O;) crystallises in hexagonal prisms and pyramids,
but is often massive. It is a very hard mineral (9 in the scale), and has
a high specific gravity (3:9 to 4). It occurs sparingly in some granites,
syenites, schists, metamorphosed limestones, and basalts. The beautiful
clear-coloured varieties (Ruby and Sapphire) are highly valued as gems.
As a rock-ingredient corundum is of little importance ; sometimes, how-
ever, it occurs in considerable masses. Emery (an intimate mixture of
corundum and magnetite and haematite) occurs in veins and layers in
crystalline schists.

Pyrolusite, Psilomelane, and Wad (oxides of manganese) are also un-
important rock-formers, but they often appear (particularly psilomelane)
as thin films coating the walls of cracks and fissures or the surfaces of
bedding-planes in various kinds of rock. The films often assume plant-
like forms (‘“dendritic markings,” see Plate XXX.). The earthy
varieties of these oxides occasionally form bedded masses.

II. SILICATES
FELSPAR GROUP

Felspar is a general term for a number of closely related
minerals which play a very important réle as rock-formers.
They are the chief constituents of most eruptive rocks, and are
met with likewise more or less abundantly in many crystal-
line schists. They vary in colour, but are usually grey, white,
or reddish ; occasionally, however, they show yellow, green,
or blue tints. As rock-constituents they frequently assume
the form of tabular crystals, or appear as long rods or
rectangular lath-shaped bodies. All are characterised by two
well-marked sets of cleavage-planes (at, or nearly at, right
angles) which show wusually a glassy or pearly lustre;
further, all have approximately the same hardness (6 to 7), and
specific gravity (2-54 to 2-76). Chemically, they are silicates
of aluminium with either potassium, sodium, or calcium,
or several of these together. Hence we have potash
felspar, soda felspar, lime felspar, soda-lime felspar, etc.
These felspars so closely resemble each other that it js often
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hard or even impossible to distinguish one from another
by the unassisted eye. This, of course, is especially the
case when the crystals are small. Usually, however, the

particular class or series to which a felspar belongs can
be determined by examination in thin slices under the
microscope. Two series of felspars are recognised—one
of these crystallising in monoclinic and the other in
triclinic forms. The monoclinic series includes Orthoclase
and Sanidine, while the triclinic class is represented by
Microcline, Anorthoclase, and Plagioclase—the last-named
forming a group of felspars which are all more or less closely
related, and often hardly to be distinguished from each other
without careful microscopical or chemical examination. As
a group they are more or less readily differentiated from the
monoclinic felspars by theinclination of theircleavage-planes—
in the monoclinic felspars these planes being directed at right
angles to each other, while in the triclinic group referred to
they are not at right angles. Hence we have two series of
felspars—namely, (@) Orthoclase, with rectangular cleavage,
and () Plagioclase, with oblique cleavage.

If felspars always assumed their external crystalline form and were of
sufficient size, it would not be hard to distinguish between orthoclase and
plagioclase.  As rock - constituents, however, they are often so un-
symmetric in shape, or occur as granules so small in size, that the geolo-
gist must have recourse to other diffcrentiating
characters to distinguish between one felspar and
another. Under the microscope, the plagioclase
felspars can wusually be recognised by their
“multiple twinning.” A crystal or crystalline
granule having this structure appears as if it were
composed of a series of parallel plates or lamellwe,
which show alternately lighter and darker tints
when examined between crossed nicols. Thus
a section of the mineral, if cut in a proper direc-
tion, exhibits a banded or striped appearance
(Plate II. 1, 2). As the mineral constituents

. of a crystalline igneous rock usually lie at different

Fic. 3. — CRYSTAL . . . . .
OF ORTHOCLASE: angles and in different directions, it does n?t
CArLspap Twin, Often happen that the structure referred to is
not revealed by one or more of the individual
plagioclase crystals, which are exposed in the field of vision under a
microscope. Even when the minerals are arranged in approximately
parallel layers, as in the case of schistose rocks, it is always gossible to
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cut sections both in the direction of, and across, or at any angle to, the
planes of foliation. Not infrequently the twinned structure can be seen
by the naked eye or with the aid of a pocket-lens, when the felspars are
fresh and not too small. The structure is revealed by the appearance of
fine parallel lines, with which the crystals are ruled or striated— the lines
marking, of course, the junction of scparate twin lamellee. The twinning
of orthoclase felspars is simple (Fig. 3), so that a section cut in the right
direction shows between crossed nicols only two differently tinted bands
(see Plate II. 3, 4). When the mineral is not twinned, or when the
section is cut parallel to the twinning plane, orthoclase felspars polarise
in one uniform colour. The following are the more important felspars :—

Orthoclase (monoclinic potash felspar, with high per-
centage of silica). This mineral is usually white, grey, or
reddish. It is not attacked by ordinary acids, but is decom-
posed by hydrofluoric acid, and fuses before the blowpipe
with difficulty on thin edges. As a rock-former it occurs
most frequently as imperfect crystals, or irregular crystalline
aggregates. In certain igneous rocks, however (as in quartz-
porphyry), it appears as conspicuous and sometimes well-
formed crystals disseminated among the finer-grained con-
stituents of the mass. Fine crystals of orthoclase often occur
in drusy cavities and veins in granite, and now and again in
fissures traversing crystalline schistose rocks. The mineral is
an essential ingredient of many eruptive rocks (granite,
quartz-porphyry, syenite, rhyolite, phonolite, trachyte, etc.).
It is readily distinguished from quartz by its hardness,
cleavage, twinning, and frequent turbidity—due to gradual
alteration of the mineral into kaolin and other decomposition
products,

Santdine is a glassy clear variety of orthoclase, usually
much cracked, and often crowded with inclusions. It is the
type of orthoclase which characterises volcanic rocks—
rthyolite, trachyte, phonolite, etc., and frequently assumes
the form of tabular crystals (see Plate II. 3, 4).

Adularia is another clear, transparent orthoclase, with an unusual
crystallographic habit, found in the irregular drusy cavities of some
gneisses, and in fissures in schistose rocks.

Microcline (triclinic potash felspar) has the same chemical composi-
tion as orthoclase, from which it can hardly be distinguished without
examination under the microscope. It is a frequent constituent of
granite, appearing often in well-developed forms in the drusy cavities, and
the coaysely crystalline veins associated with that rock. It occurs also in
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certain syenites and other eruptive rocks of deep-seated origin, and is
occasionally present in gneiss. Although it thus frequently accompanies
orthoclase proper, it has not yet been met with in rocks that contain the
glassy variety of that mineral—sanidine. Under the microscope, micro-
cline usually shows a polysynthetic structure, due to the presence of
minute spindle-shaped twin lamellee, so arranged that, when the section
is cut in a particular direction, it has in polarised light a peculiar cross-
hatched appearance (see Plate III. 1, 2).

Anorthoclase or Soda Microcline (triclinic soda-potash felspar) shows
much the same structure under the microscope as microcline, but usually
on an exceedingly minute scale. It occurs in the form of phenocrysts
with rhombic outlines in a well-known igneous rock (rthombenporphyr)
met with in S. Norway, between Christiania and Langesundfjord.

The potash felspars generally weather readily into kaolin.
Not infrequently, however, they are transformed into other
minerals—muscovite (potash mica) and quartz often re-
placing orthoclase.

The Plagioclase felspars sometimes occur in crystalline
masses. As rock-formers, however, they usually appear as
elongate tabular crystals, not infrequently grouped in bundles
or forming radiating aggregates, or they may be mere
crystalline granules. They form a series, of which A/lbite
(sodium-aluminiumsilicate)and Anorthite(calcium-aluminium
silicate) are the two extremes. The intermediate forms are
regarded as isomorphous mixtures of these two silicates in
various proportions, as shown in the following table, where
Ab stands for albite, and An for anorthite :—

Albite (soda felspar).

Oligoclase : mixture of Ab and An—the former predomi-
nating.

Andesine : mixture of Ab and An in nearly equal propor-
tions—Ab slightly predominating.

Labradorite : mixture of Ab and An—the latter slightly
predominating.

Bytownite : mixture of Ab and An—the latter largely
predominating.

Anorthite (lime felspar).

The silica percentage ranges from 43-16 in anorthite to 68-68 in albite,
Plagioclase felspars fuse with difficulty before the blowpipe. Anorthite
is decomposed by hydrochloric acid with gelatinisation, while albite

resists ordinary acids — the intermediate varieties becoming more
readily affected the nearer they approach in composition to aorthite.
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All are subject more or less readily to alteration, being transformed
especially into such minerals as kaolin, sericite (a variety of muscovite),
epidote, calcite, zeolites, etc. Sawssurite is the name given to an altered
plagioclase which often occurs in gabbro. It is fine-grained to compact,
grey, ash-grey, or greenish-white, shimmering or dull, and translucent
on thin edges.

Well-developed and more or less perfect crystals of
plagioclase often occur in the drusy cavities of eruptive rocks;
in fissures in crystalline schists; and in blocks ejected from
volcanoes. The plagioclase felspars are among the most
important rock-formers, occurring as primary constituents of
a large number of eruptive rocks both as macroscopic and
microscopic individuals. They have also a wide distribution
amongst the crystalline schists. The felspars (monoclinic and
triclinic alike), being readily wecathered and decomposed, are
met with only now and then as ingredients of derivative
rocks; they are not uncommon, however, in greywackés—
especially oligoclase.

A few notes on the individual plagioclase felspars may be added :—

Albite (soda felspar) : usually white ; resembles orthoclase, from which
it may be distinguished by its greater specific gravity (orthoclase, 2:54
to 258 ; albite, 2:61 to 2-64) and the character of its twinning. Although
albite frequently appears as lamellar intergrowths in orthoclase and
microcline ( = microperthite), yet it cannot be described as an important
constituent of igneous rocks. It is a common ingredient, however, of
certain crystalline schists. Now and again it occurs as a “contact
mineral” in argillaceous rocks, near their junction or contact with
intrusive eruptive rocks.

Oligoclase is a common constituent of many eruptive rocks, especially
of those in which quartz or orthoclase, or both together, occur as impor-
tant ingredients, as in syenite and granite. It is present likewise in some
diorites, and in many of the porphyries which are associated with plutonic
rocks ; not infrequently also in trachytes and andesites ; and often in
gneiss.

Andesine is a frequent constituent of certain eruptive rocks, such as
diorite, tonalite, andesite, porphyrite.

Labradorite is a common constituent of basic eruptive rocks (gabbros,
norites, basalts, dolerites), and occurs in large masses in certain plutonic
rocks, where it frequently shows a very fine play of colours, due to the
interposition, along certain planes, of minute scales or platy inclusions.

Bytownite occurs not uncommonly in basalts and other basic
eruptive rocks.

Anorthite (lime felspar) occurs not infrequently as a constituent of
many ba;ic igneous rocks, as in some gabbros and peridotites. It is
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also an occasional constituent of metamorphic rocks. Fine glassy

crystals of this felspar occur in the drusy cavities of limestone-blocks
which have been ejected from Vesuvius.

THE FELSPATHOID GROUP

The felspathoids (Leucite, Nepheline, Sodalite, Haiiyne, and
Nosean) are akin to the felspars in chemical composition, and
play much the same part as rock-formers. They are not
nearly so important, however, the rocks of which they are
characteristic constituents being much less widely distributed.
They are restricted, indeed, to certain alkali-rich igneous

rocks. They never occur as ingredients of the crystalline
schists.

Leucite (silicate of potassium and aluminium) generally appears in
the form of more or less well-defined single crystals, having the shape
of icositetrahedra (24-faced trapezohedra). In cross-sections the larger
crystals often yield six-sided or eight-sided contours, while the smaller
crystals are rounded. The mineral has a hardness of 55 to 6,and a
specific gravity of 2-45 to 2:50. If pure, it is transparent and colourless,
but most frequently, owing to the presence of impurities, it appears ash-
grey or greyish-yellow, and then it is only translucent on thin edges.
It is almost infusible before the blowpipe ; when reduced to a powder it
readily dissolves in hydrochloric acid, with separation of pulverulent
silica. Under the microscope, leucite usually shows abundant
symmetrically arranged inclusions of glass, gas pores, and minute
microlites, grains, etc., of such minerals as felspar, augite, and magnetite.
Between crossed nicol-prisms it exhibits weak, anomalous double
refraction—yielding dark grey colours—the crystals being traversed by
intersecting alternately light and dark twin lamellee. This structure,
however, is not seen in the smaller crystals, which are usually isotropic.
The mineral is readily altered in nature, becoming white and opaque as
it is changed into zeolites or kaolin. Probably its proneness to altera-
tion is the reason why it seldom occurs in very old igneous rocks. It
is a macroscopic and microscopic constituent of certain basic Vesuvian
lavas. Similar rocks occur elsewhere in Italy, and in a few other
countries,

Nepheline is essentially a sodium-aluminium silicate, but contains
some potassium. Hardness, 5.5 to 6; specific gravity, 2:58 to 2:64.
As a rock-constituent it appears in the form of somewhat stout hexagonal
prisms with a glassy lustre, and is either water-clear or white. It is
fusible before the blowpipe with some difficulty ; and gelatinises with
acids. It is an essential constituent of phonolite and nepheline-basalt,
and very commonly occurs in rocks which contain leucite as amg
essential ingredient. Like leucite, the mineral is unstable and thus
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frequently-altered into fibrous zeolites or muscovite. A dull grey variety
of nepheline, with a greasy lustre, and known as E/@olite, is a conspicuous
component of certain syenites.

Sodalite is another sodium-aluminium silicate, but it contains
chlorine. It crystallises in isometric forms (dodecahedra), and has a
hardness of 5.5, and a specific gravity of 2.2 to 2.4. It fuses to a
colourless glass ; and gelatinises with acids. It isa microscopic con-
stituent of certain trachytes and phonolites, occasionally appearing as
well-defined crystals in the vesicular cavities and fissures of such rocks.
Its common alteration-products are fibrous zeolites. A compact blue
variety, with' a greasy lustre, is a notable ingredient of some elaolite-
syenites,

Haiiyne and Nosean are isomorphous mixtures of sodium-aluminium
silicate and calcium-aluminium silicate, both with sulphur. Hardness,
55 ; specific gravity, 2-28 to 2:5. Both minerals are fusible before the
blowpipe ; and both are decomposed by acids. They crystallise in
isometric forms, The larger individuals often show crystalline con-
tours, giving in microscopic sections more or less imperfect hexagonal
or quadrangular figures. Not infrequently the crystals present the
appearance of having been corroded. The minerals are hard to
distinguish from each other, but haiyne is usually blue or bluish-green
while nosean is generally grey, although it may be greenish, brown,
red, or yellow. Microscopic: examination shows that they are usually
crowded with inclusions. They occur as macroscopic and microscopic
constituents of certain igneous rocks that are rich in alkalies, such as
phonolite. 'They are thus frequent associates of leucite and nepheline.
Both are apt to be altered into fibrous zeolites.






CHAPTER I
ROCK-FORMING MINERALS—continued

Silicates—Amphibole and Pyroxene Group; Mica Group; Olivine
Group ; Chlorite Group; Talc Group; Epidote Group; Garnet
Group ; Tourmaline Group; Titanite Group; Andalusite Group ;
Zeolite Group ; Kaolinite Group. Haloids—Fluorite and Rock-Salt.
Sulphides—Pyrite, Pyrrhotite, and Marcasite. Carbonates—Cal-
cite, Aragonite, Dolomite, and Siderite.” Sulphates—Anhydrite,
Gypsum, and Barytes. Phosphates—Apatite, etc. Elements—
Graphite.

THE AMPHIBOLE AND PYROXENE GROUP

THE Amphiboles described here are calcium-magnesium
silicates, some being rich in aluminium and iron, others
containing little or no trace of either. Of less frequent
occurrence are varieties rich in soda. When crystallised
they appear as prisms; but they show a marked tendency
to assume fibrous and radiated forms. Their specific gravity
ranges from 2.9 to 3.5, and their hardness is between 5
and 6. They are usually fusible, more particularly when
rich in iron.

Amphiboles crystallise in monoclinic, triclinic, and ortho-
rhombic forms, but only the first are important rock-
formers. The monoclinic non-aluminous amphiboles are usually
lighter in colour than those rich in aluminium and iron.
The most commonly occurring representatives of the non-
aluminous class are Tremolite and Actinolite.

Tremolite is white, grey, or light green in colour, aud occurs usually
in the form of long blade-shaped crystals, striated longitudinally : or it
assumes the appearance of thin fibrous crystals radiating from a centre.
The crystals have a pearly or silky lustre. This mineral is a constituent
of some schistose rocks; it occurs not uncommonly in crystalline
limestone (marble) and dolomite near their point of contact with plutonic
rocks. Now and again it is met with as an alteration-product ig olivine-

16



PLATE IV.

MICROSCOPIC STRUCTURE OF MINERALS AND Rocks.

1. Euhedral or Idiomorphic crystal of Augite with prismatic cleavage. Basalt.

2 Crystals of Augite in transverse section,
Basalt,

3. Rectangular crystals of Biotite with parallel cleavage; dust;
graing of Quartz. The lozenge-shaped crystal (above) is Sphene. Granitite,

I Corroded crystal of Quartz with inclusions of glass, Pitchstone.

with characteristic outlines and cleavage, Vesicular

y decomposing Felspar, and clear

[To face page 16.






PLATE V.

MICROSCOPIC STRUCTURE OF MINERALS AND ROCKS.

$

1. Euhedral or Idiomorphic Olivine in longitudinal section, with transverse cracks and imperfect
cleavage. Basalt.

2. Crystal of Olivine with incipient serpentinization along the cracks and borders. Basalt.
8. Crystals of Chiastolite (Andalusite) with inclusions. Slate.
4. Chiastolite in contorted Slate.

[To face page 17,



PLATE V.

MICROSCOPIC STRUCTURE OF MINERALS AND ROCKS,

1. Euhedral or Idiomorphic Olivine in longitudinal section, with transverse cracks and imperfect
cleavage. Basalt.

2. Crystal of Olivine with incipient serpentinization along the cracks and borders. Basalt.
8, Crystals of Chiastolite (Andalusite) with inclusions. Slate.
4. Chiastolite in contorted Slate.

[ ]
[To face page 17.
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rocks and serpentine. Actinolite differs from tremolite in containing a
considerable percentage of iron ; hence it is generally light or dark green
in colour. It usually occurs as long thin columnar crystals and radiate
aggregates. It is a common ingredient of many crystalline schists,
where it is frequently associated with talc, chlorite, and epidote.
In eruptive rocks (as in saussurite-gabbro) it is often met with as an
alteration-product.

Tremolite and actinolite sometimes assume forms so fibrous that they
can be readily separated into thin, soft, cotton-like, or silky threads, and
are then known as Amianthus or Asbestos. The fibres are often matted
together so as to form felt-like substances, termed “mountain-leather,”
“ mountain-cork,” etc. Most of the asbestos .of commerce, however, is
not amphibole, but fibrous serpentine (chrysotile).

Of the wmonoclinic alumenous amphiboles, by far the most
important is Hornblende. This mineral has much the same
composition as actinolite, but contains a notable pcrcentage
ofalumina. Two varieties are recognised—namely, Common
Hornblende and Basaltic Hornblende. The former is dark
leek-green to black in hand specimen, but is green in trans-
mitted light in thin section. The crystals generally show
an elongated prismatic habit, but sometimes appear as
blade-like, fibrous, radiating aggregates. It is an essential
constituent of many plutonic rocks (syenite, diorite, horn-
blendic granite), occurring now and again also as an
accessory ingredient in gabbro. It is a frequent constituent
of crystalline schists (amphibole-schist, hornblende-gneiss).
It commonly alters to chlorite or epidote, or may be still
further broken up by weathering, and reduced to the
condition of a ferruginous clay.

Basaltic Hornblende is gencrally brownish-black to pitch-
black, but when viewed in thin sections it usually shows a
deep brown or reddish-brown colour. The crystals are
commonly short, stout prisms,and are frequently well formed
(see Plate III. 3). The mineral occurs as a macroscopic and
microscopic ingredient of certain trachytes, andesites, and
basalts—the larger crystals often showing corroded blackened
borders—the result of magmatic resorption.

The only other monoclinic amphibole that need be mentioned is
Smaragdite—a peculiar grass-green fibrous lamellar form, approaching
actinolite in composition, but containing some alumina. It occurs in
eclogite, where it forms parallel growths with omphacite—a similar
green pyroxene mineral.

B
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The Pyroxenes have much the same chemical composi-
tion, hardness, and specific gravity as the amphiboles, and
crystallise like them in monoclinic, triclinic, and ortho-
rhombic forms. They differ amongst themselves as regards
fusibility—those containing much iron being usually more
fusible than the less ferriferous varieties. The monoclinic
forms are divisible, like the corresponding amphiboles, into
non-aluminous and aluminous types. The #non-aluminous
pyroxenes are mostly light.coloured—white or, more commonly,
some pale shade of green. They occur chiefly in crystalline
schists and in crystalline limestones and marbles, but are
not such important rock-formers as the corresponding light-
coloured amphiboles. Their alteration-products are usually
talc or serpentine and carbonates. Of the aluminous
pyroxenes the most notable is Augite (sce Plate IV. 1, 2);
it crystallises in prismatic forms, which are often twinned.
As rock-constituents the crystals frequently have their edges
and angles rounded off. Augite is dark brown to black.
but in thin sections may be almost colourless or show
various shades of brown or yellow, and sometimes of green.
It is often altered into an aggregate of chlorite, scattered
through which may be minute granules of epidote, calcite,
and quartz; or it may be still further changed to a mixture
of limonite, quartz, and carbonates. Sometimes it is replaced
by secondary hornblende. It is an essential constituent of
such basic rocks as basalt, dolerite, etc.,, but occurs as an
accessory ingredient of many other eruptive rocks. Diallage
is a brownish, grey, or greenish variety of augite, which
rarely assumes a crystalline form, and has a lamellar
structure.  Numerous platy inclusions occur along the
cleavage-planes, so that the mineral exhibits a submetallic
lustre on broken surfaces. It is an essential constituent
of gabbro, and occurs also as an occasional ingredient of
serpentine and olivine-rocks; but appears never to be met
with in effusive igneous rocks (lavas).

Omphacite is a bright green pyroxene occurring in granular and
lamellar aggregates, and associated with smaragdite and red garnet in
the rock known as eclogite.

The orthorkombic pyroxenes (hardness, 4 to 6 ; specific gravity, 3 to
3'5) play a more important role as rock-formers than the ogghorhombic
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amphiboles. There are three types recognised—namely, Emstatite,
Bronzite,and Hypersthene—but they seem to be varieties of one and the
same species. Enstatite is a silicate of magnesium with a small per-
centage of iron. It is greenish white usually, but sometimes darker
coloured. It occurs most frequently in gabbros and rocks rich in
olivine, generally in the form of aggregates, grains, and irregular masses.
Better formed crystals have been met with in certain andesites and
quartz-porphyries. Bronzite and Hypersthene have a chemical com-
position similar to that of enstatite, but contain a larger percentage of
iron. Owing to the occurrence of abundant platy inclusions, bronzite
yields a semi-metallic lustre on broken surfaces. Hypersthene is still
richer in inclusions, and shows reddish copper-coloured reflections due to
the interposition of numerous minute dark brown lamelle. Bronzite
is usually dark brown to reddish-brown, but sometimes yellowish or
greenish ; while hypersthene is much darker—the shades ranging from
very dark green or dark brown to greenish black and pitch-black. The
two minerals have much the same habitat as enstatite, occurring frequently
in gabbros, peridotites, and serpentines, generally without crystal outlines,
while well-formed crystals are met with in some andesites and trachytes,
‘The rhombic pyroxenes tend to be altered into yellowish-green fibrous
serpentinous products termed Bastite.

The two most important members of the amphibole and
pyroxene group are undoubtedly hornblende and augite, and
as these minerals are often hard to distinguish, it may be
useful to add a few notes on the characters by which they
can be recognised :—

First, as regards habitat, the rule is that Common
Hornblende most frequently occurs in rocks containing a
considerable percentage of silica, and is thus often associated
with quartz and highly silicated felspars, as orthoclase, albite,
oligoclase, Basaltic Hornblende, on the other hand, occurs
as an accessory ingredient chiefly in basic and intermediate
eruptive rocks, as in many basalts, andesites, and trachytes.
Augite is an essential constituent of basalts, and dolerites,
and a common ingredient of some trachytes, andesites, etc. ;
only very rarely a pale augitc has been met with in granite,
So that we may say the home of common hornblende is
chiefly in acid plutonic rocks and crystalline schists; while
basaltic hornblende and augite are confined mostly to eruptive
rocks not rich in silica.

Hornblende crystals are usually six-sided in cross section,
while those of augite are octagonal. The former exhibit
two diregtions of perfect cleavage intersecting at angles of
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56° and 124°, the latter show imperfect cleavage in two
directions nearly at right angles to one another.

In thin slices under the microscope it is generally easy to distinguish
between hornblende and augite. The differences in the outlines of the
cross sections and in the perfection and direction of the cleavages are
more readily seen than in hand specimen (see Plates II1., IV.). Again,
hornblende is very distinctly pleochroic, while in augite the change of
colour is usually feeble, and often altogether wanting. The ortho-
rhombic pyroxenes may be distinguished from the monoclinic by their
weaker double refraction, and, in the case of the coloured varieties, by
their distinctive pleochroism in reddish-brown and green tints.

THE Mica GRrouP

The micas, as rock-formers, mostly occur as thin plates
and scales, the surfaces of which show a pearly to submetallic
lustre. Usually these plates are irregular in shape, but now
and again they are six-sided. The micas, however, are really
monoclinic with pseudo-hexagonal symmetry. The cleavage
is perfect, all micas being readily split up into exceedingly
thin, transparent, and elastic leaflets, They are all rather
soft (2-5 to 3 in the scale), and the specific gravity ranges
from 2.7 to 3-2. They are essentially silicates of aluminium
and potassium (or sodium), some kinds containing magnesium
and iron. Only two micas are important rock-formers,namely,
the brown to black Biotite or ferromagnesian mica, and the
silver-white Muscovite or potash mica. They are essential
constituents of many schistose rocks and of granite, and are
met with in a large number of eruptive rocks of all ages.
Soft, non-elastic scales of mica are also of common occurrence
in many derivative rocks, particularly in fissile sandstones.

Biotite (ferromagnesian mica) is usually dark brown to black, but
green and red varieties are known. It is decomposed by strong sul-
phuric acid ; and in nature alters readily to chlorite, with separation of
iron-oxide. Not infrequently, however, biotite becomes pale through loss
of iron, and then assumes a golden yellow to silver-grey colour, thus
somctimes closely resembling muscovite. It is a primary or original
constituent of granites, rhyolites, some syenites and diorites, trachytes,
etc. In effusive rocks the scales often show blackened borders, which, as
in the case of basaltic hornblende, appear to be due to the corrosive
action of the igneous magma. Biotite occurs also in certain schistose
rocks. Being a less durable mineral than muscovite, it is not so often met
with in sedimentary rocks. In thin rock-sections under the 1gicroscope,
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biotite, if cut at right angles to its vertical axis (or, in other words, if the
slice be parallel to the cleavage-planes), appears deep brown or deep green
to black, and shows little or no change of colour when rotated above the
polariser. But when the section cuts across the cleavage-planes, which
then appear as a scries of parallel lines traversing the mica, as shown in
Plate IV. 3, and the stage of the microscope is rotated, the change of
colour is strongly pronounced. The polarisation colours are very
brilliant in sections showing cleavage, and cut thin enough. Inclusions
are frequently numerous, mostly of apatite and magnetite, and less
commonly of zircon and rutile.

Muscovite (potash mica) is sometimes colourless, but usually pale-
coloured or silvery ; occasionally, however, it assumes a light shade of
brown or green. It fuses on thin edges to a grey glass or white enamel,
but is not attacked by acids, and as a rock-constituent is not so readily
altered as biotite. As a primary rock-former its chief habitats are the
crystalline schistose rocks (gneiss, mica-schist, phyllite), and the granites.
It never occurs as an original constituent in any igneous rocks save
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